Body mass changes in Brinnich’s guillemots Uria lomvia with age and
breeding stage

Anthony J. Gaston and J. Mark Hipfner

Gaston, A. J. and Hipfner, J. M. 2006. Body mass changes in Brunnich’s guillemots
Uria lomvia with age and breeding stage. — J. Avian Biol. 37: 101-109.

Body mass of Brunnich’s guillemots Uria lomvia breeding at Coats Island, Canada, was
measured during incubation and chick-rearing in 1988-2001. In most years, mass
increased during incubation and fell after hatching, leveling off by the time chicks were
18 d old, close to the age at which chicks departed. Mass during incubation increased
with age up to about 12 yr, but the mass of birds brooding chicks was not related to age.
The trend towards increasing mass during incubation was mainly a consequence of






mass, both for incubating and brooding birds (maximum
R? values 0.07). Multiple regression analyses incorpor-
ating all measurements gave R? values of 0.10 for
incubating birds and 0.13 for those brooding chicks.
Bill depth alone gave R? values of 0.05 for both groups.
Only bill depth was found to be significantly correlated
with age (F1 239 =5.84, P =0.016), the relationship being
evident to 10 yr old. Considering the relatively small
amount of mass variation explained by linear measure-
ments, the fact that only depth was affected by age, and
the fact that some birds were not measured, hence
potentially reducing our sample size, we decided to use
raw body mass as our dependent variable in subsequent
analyses, rather than applying any body size correction.

Seasonal trends

We examined trends in mass on date for incubating and
brooding birds separately for all years. Mass tended to
increase during incubation in all years except 1994, when

the trend was significantly negative (Table 2). Trends
were significantly positive in 7/10 years. In the chick-
rearing period, mass decreased with date in all years
except 1991, when there was no temporal trend. Trends
were significant in 10/14 years. Given the similarity in
trends across years, we felt justified in lumping data
across years for further analyses.

Combining data for all years when trapping was
carried out throughout incubation (1988, 1990-92,
1994-99), the linear regression predicted a mass of c.
1000 g for incubating birds on 22 June, about the median
date of laying, rising to c. 1025 g at median hatching,
about 25 July (adjusted R?=0.024, Fjgse=21.97,
P <0.001; Fig. 1). A polynomial line of best fit to the
data for brooding birds suggested a mass on 25 July
similar to that of incubating birds, declining to c. 950 g
by 15 August (Fig. 2). Both terms (date and date?)
contributed significantly to explaining the variation in
mass (adjusted R? =0.050, F;,g55 =27.18, P <
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on date (Fig. 3), showing a decline in mass from 1002 g
at hatching to 950 g at 18 d. When date and chick age
were entered as independent variables in a multiple
regression analysis, only chick age was found to have a
significant affect on mass (R2 =0.044, F;,308=8.14,
P <0.001). As most chicks depart by 21 d old, it appears
that the relationship between mass and date is created
mostly by the intercorrelation between date and chick
age.

Age and mass

Plotting mass against age for birds trapped during
incubation showed that the relationship was asymptotic,
reaching about 1050 g at 12 yr (Fig. 4). When the sample
was divided into birds captured before 1995 and those

captured in later years, both samples showed positive
correlations between mass and age (<1994, rs53 =0.46,
P <0.001; >1994, rge =0.30, P =0.004), although the
earlier sample contained only birds up to 10 yr old.

Because of the asymptotic affect of age, we combined
birds more than 9 years into a single category and
analysed mass with age by ANCOVA, treating date as a
covariate. Testing for homogeneity of slopes showed that
there was a significant interaction of age and date
(F1570 =3.63, R?=0.30, P <0.001). When birds less
than six years old were separated from older birds, the
younger group showed a significant increase in mass
with date (Fy3 =6.16, R*=0.14, P =0.018, Fig. 5),
while there was no such tendency for older birds (F; 61 =
2.30, R?=0.02, P =0.13).

Controlling for date, using the separate slopes model,
mass increased with age from approximately 920 g at 3 yr
to more than 1040 g at 10 yr (Fig. 6). For birds captur-
ed with chicks, there was no significant relationship



between age and mass (Fig. 7), either with or without
correction for date (ANCOVA R?=0.02, Fso4=1.20,
P =0.31). Despite the increase in mass of young birds
during incubation, the regression formula predicts a
mean mass of 980 g for young birds incubating on 30
July (start of hatching for young breeders in average
years), the upper quartile for hatching in this population.



cape petrel Daption capense, \Weidinger 1998, short-
tailed shearwater Puffinus tenuirostris, Lill and Baldwin
1983, Leach’s storm-petrel Oceanodroma leucorhoa,
Niizuma et al. 2000, black-legged Kkittiwake Rissa
tridactyla, Langseth et al. 2001, Moe et al. 2002,
common tern Sterna hirundo, Wendeln and Becker
1996, Arctic tern Sterna paradisaea, Monaghan et al.
1989, least auklet Aethia pusilla, Jones 1994, common
guillemot Uria aalge, Harris et al. 2000). A change in
mass for Coats Island Brunnich’s guillemots at about the
time of hatching has been described previously (Croll
et al. 1991, Gaston and Perin 1993).

Our results for Brunnich’s guillemots suggest that, at
Coats Island, there is an underlying mass trajectory that
breeders normally attempt to follow. This involves the
accumulation and/or maintenance of reserves during
incubation that are then invested in chick-rearing.
Younger, less experienced breeders begin incubation at
a lighter mass and accumulate lower reserves by hatch-
ing. Hence, even if they are capable of foraging as
efficiently as older birds, they are likely to rear lighter
chicks. The fact that all age classes reach a similar mass
during the chick-rearing period suggests that the body
mass of approximately 950 g, achieved by the time chicks
are about 18 d old, represents the most effective
compromise between the needs of the adult and those
of the chick. This mass is presumably specific to the
particular environment of the Coats Island colony and is
not necessarily uniform across the species range.

No effect of age on mass was detected for birds rearing
chicks. Consequently, mass loss after hatching was



Once hatching occurred, the mass of brooding adults
declined. A similar convergence of mass between heavy
and light individuals during the chick rearing period was
observed for Arctic terns (Monaghan et al. 1989) and
Leach’s storm-petrels (Niizuma et al. 2000). Our results
suggest that neither mass gain during incubation, when
the youngest birds put on mass, nor mass-loss during
chick-rearing, when older birds lose mass, can be used as
an indicator of stress unless controlled for age.

Irrespective of the cause of age-related mass variation
during incubation, the fact that older, more experienced
birds lost more mass than young birds during the early
part of the chick rearing period and lost more mass in
years when mean mass during incubation was higher,
suggests that heavy birds deliberately reduced their mass.
They may have done so either by reducing their rate of
food capture below their potential maximum (i.e.
‘programmed anorexia’, Gaston and Jones 1989, Jones
1994), or by transferring a greater proportion of the food
captured to their chicks. A correlation between chick
growth rates and parental age has been observed
previously at Coats Island (de Forest 1993, Hipfner
and Gaston 2002) and suggests that older birds provide
their chicks with more food than young birds. Chicks
that are heavier than average at 14 d old have a
significantly greater chance than others of surviving to
the age of colony return (U. Steiner, AJG and MLH
unpubl. data).

Brunnich’s guillemots increase their flying during
chick-rearing compared with incubation (Gaston 1985,
Croll et al. 1991). Moreover, being close to the limit of
body mass for their wing area, murres may benefit from
shedding mass by improving their load-carrying capacity
(Croll et al. 1991, Gaston and Perin 1993). Our data
included those used by Croll et al. (1991) and the overall
change in mass that we found between incubation and
chick-rearing (47 g) was similar to that found by the
earlier study. Croll et al. (1991) estimated that the mass
change between incubation and chick-rearing would save
5-10% of energy expended in flight. By reducing their
own intake and committing those resources to feeding
their chick, older Brinnich’s guillemots may increase
their fitness by rearing heavier chicks that have a higher
chance of survival after leaving the colony while at the
same time increasing their flight efficiency. Both factors
may be involved in the mass loss that occurs about the
time of hatching.

In the context of Brinnich’s Guillemots, assigning
mass changes to intrinsic or extrinsic processes seems a
sterile exercise. It may be necessary to abandon the
paradigm of ‘constraint vs adaptation’. Strategic mass
adjustments will be apparent only where environmental
conditions allow at least part of the breeding population
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