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INTRODUCTION

Postnatal development of seabird chicks can be a sensitive indicator
of local environmental conditions (Fendley & Brisbin 1977, Ricklefs
1983, Cairns 1987, Montevecchi 1993, Boersma & Parrish 1998).
However, collection of detailed growth data, for seabird chicks is
often limited by logistics (remote or difficult access to colonies),
disturbance to breeding birds, or funding. Depending on the species,
it may require 2-4 months of frequent measurements to assess chick
growth from hatching to fledging. While studies of chick growth and
physiology often demand such detailed measures, investigators often
wish to use growth only as an indicator of food abundance during the
breeding season. Thus, if we wish to use seabirds as monitors of the
marine environment (Cairns 1987, Montevecchi 1993) it will be
useful to develop and validate simple methods of assessing chick
growth.

Recognizing the inherent difficulty of obtaining growth rates from
colonial oceanic species, Ricklefs and White (1975) developed a
method to construct an average growth curve for chicks at a seabird
colony by collecting wing measurements during two visits to a
colony over a 10-day interval. This approach both reduced the
sampling effort needed to construct a growth curve and eliminated
the need to carefully monitor chick hatch dates and ages. However, it
required a second visit to the colony and the ability to recapture and
measure previously banded chicks, which would be extremely
difficult with species that are loosely nidicolous or form crèches.

A few prior investigators have used single measures from chicks of
unknown age to obtain an index of chick growth (Hamer et al. 1991,
Phillips et al. 1996, Suddaby & Ratcliffe 1997). In each of these

studies, chick wing-length was used to estimate age, so that age-mass
relationships could be evaluated. However, while individual chicks
may have been measured only once in these studies, measurements
were collected during multiple visits over an entire chick-rearing
season, and these results have never been corroborated by comparison
with repeated measurements from the same chicks. Furthermore,
Øyan and Anker-Nilssen (1996) reported preferential growth of the
head in times of food stress for Atlantic Puffin chicks, suggesting that
wing length alone may be a poor substitute for chick age. 

The simplest method of assessing chick growth would be one that
allowed researchers to measure chicks of unknown age while visiting
a colony only once per year. For example, to estimate chick growth
with minimal disturbance, Uttley et al. (1994) measured wing-length
and mass of Common Murre Uria aalge chicks during a single visit.
However, for reasons of differential growth allocation noted above,
wing length alone may not always be an accurate estimator of age on
which to regress body mass. Therefore, we borrowed a technique
often used by studies to compare the body-condition of full-grown
animals where multiple body measures are taken and principal
components analysis (PCA) is used to calculate a body-size index,
which is then regressed with mass (Hamer et al. 1993, Jakob et al.
1996, Golet et al. 1998).  We tested these methods on chicks for
which there also was a full complement of growth data. We used
detailed growth data collected at one colony over a 6 yr period to
compare two different single sample methods to one method that
incorporates repeated measurements of individual chicks. Our goal
was to determine whether chick measures obtained during a single
visit to a seabird colony could provide a reliable “chick-condition
index”. If valid, this approach could be useful to a wide array of
seabird biologists.
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SUMMARY
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We tested an approach to the collection of seabird chick growth data that utilizes a one-time sampling of chick measurements obtained
during a single visit to a seabird colony. We assessed the development of Black-legged Kittiwake Rissa tridactyla chicks from a sample of
measurements made on a single day during six years and compared these results to linear growth rates (g/day), determined from repeated
measurements of the same chicks. We used two one-time sampling methods to obtain indices of “chick-condition”, 1) overall body-size
(wing, head-plus-bill, tarsus) vs. mass, and 2) wing vs. mass; both were consistent with repeated measurements in identifying annual
variations in chick growth. Thus, we suggest that chick-condition indices obtained from measurements collected on a single visit to a seabird
colony are a useful tool for monitoring chick growth, especially at colonies where multiple visits and/or repeated measurements of individual
chicks are impractical.
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METHODS

We measured and weighed chicks at a Black-legged Kittiwake
Rissa tridactyla colony in Shoup Bay, Prince William Sound,
Alaska in 1990, 1995-1999. We checked nests daily to determine
hatch dates. We measured chicks every four days from hatching to
near-fledging (30 days). Recorded measurements included right
tarsus (± 0.1 mm), head-plus-bill (± 0.1 mm), right wing (± 1 mm;
from wrist to tip of the longest primary, flattened and straightened),
and body-mass (± 1 g). We banded chicks with United States Fish
and Wildlife Service stainless steel bands for identification.

To simulate a one-time visit to the breeding colony we used a sub-
sample of chick measurements that were obtained on a single day
each year between 24 July and 27 July. We then calculated body-
size vs. mass relationships for each year using both a single wing
measure and principal component scores of multiple body
measures. We conducted the PCA on standardized wing, head-plus-
bill, and tarsus (measurements were standardized to means of zero
and standard deviations of one; Manly 1994). We regressed body-
mass on both wing and PCA scores and used the residuals,
expressed as a percentage of predicted body-mass, to obtain the
chick-condition indices, to be compared among individuals and/or

treatment groups. To test the effectiveness of this method with
respect to age, we also calculated chick-condition indices (based on
PCA scores only) for both younger and older groups of chicks
using sub-samples of chick measures occurring approximately 10
days before and after the 24 July and 27 July period.

As a basis for comparison, we regressed body-mass on age to
calculate growth rates (g/day) of individual chicks within the mass
range of 60 to 300 g (Coulson & Porter 1985). The 60 to 300 g
growth phase is a sufficiently narrow range to include the near-
linear portion of kittiwake growth, except during years when
growth is extremely poor; in these cases, some additional points
outside the near-linear phase (beyond the asymptotic mass) may be
included (Suryan et al. 1999). 

For comparisons among annual means we used a single factor
analysis of variance and Tukey multiple comparison test. We did
not use analysis of covariance because it assumes homogeneous
slopes and because there is no evidence that hatching weights of
kittiwakes differ among years or colony. We conducted all analyses
using SAS software. Results were considered significant at α =
0.05.

RESULTS

One-time sample methods proved successful in detecting the
differences observed in chick growth among years; annual trends in
both chick-condition indices were similar to those in linear growth
rates (Fig. 1). There was a significant difference among years for
linear growth rate (F5,404 = 24.8, P < 0.0001; Fig. 1a). Multiple
comparisons revealed that growth rates in 1990 were significantly
lower than other years, while growth rates in 1996 were greater
than other years, statistically significant in all years except 1995.
Additionally, growth rate in 1995 was significantly greater than in
1998 and 1999. 

Measures of chick-condition using the PCA based body-size scores
were significantly different among years (F5,341 = 21.4, P < 0.0001;

Fig. 1. Linear growth rates as measured over the near-linear 60 to
300 g mass range (a) and chick-condition indices based on overall
body-size (b) and wing only (c), both of which used single
measures obtained between July 24–27 at the Shoup Bay colony,
Prince William Sound, Alaska. Results are presented as means (±
standard error) with sample sizes indicated above.
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TABLE 1
A comparison of chick-condition for Black-legged Kittiwake
chicks measured during 6 yr at the Shoup Bay colony, Prince
William Sound, during three periods: July 24-27 (middle
period), 10 d earlier (early) and 10 d later (late). The residuals
are from linear regression relationships between principal
component scores for chicks measured during middle vs. early
(R2 = 0.60, F4,5 =5.84, P = 0.073) and middle vs. late (R2 = 0.81,
F4,5 =17.18, P = 0.014).

Chick-condition Residuals

Year Early Middle Late Middle Middle 
vs. Early vs. Late

1990 -8.77 -17.1 -12.21 -0.01 -0.07
1995 1.95 1.39 3.03 1.27 1.95
1996 3.26 5.9 4.33 0.28 0.02
1997 4.88 -0.93 3.18 5.38 3.76
1998 -3.71 -1.79 -2.76 -2.77 -1.57
1999 -3.76 0.83 -3.4 -4.15 -4.08
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Fig. 1b), and multiple comparisons revealed results nearly identical
to those of linear growth rate analysis; this method was not able to
identify chick-condition in 1995 as significantly greater than in
1998 and 1999. 

Measures of chick-condition using wing alone revealed similar
trends to both the PCA based index and linear growth rates,
however this technique was less sensitive in identifying statistically
significant differences in chick development among years (Fig 1c);
there was a significant difference among years overall (F5,342 = 5.07,
P < 0.0002), but multiple comparison tests were unable to show
that chick-condition in 1999 was significantly less than in 1995 and
1996, nor that 1990 was a year of substantially slower growth than
1998.

The initial sub-sampling of one-time chick measures on 24 July
and 27 July (roughly middle chick-rearing period) included chicks
with a mean age of 20 d (± 5.3 SD, range = 1-33 d, for those chicks
of known age) and mass of 308 g (± 78.4, range = 30-463 g). The
additional testing of chicks 10 d younger and 10 d older produced
results that were mostly similar to the first PCA chick-condition
index (R2 = 0.60 and 0.81 for middle vs. early and late,
respectively). These relationships would have been even more
similar if it were not for the relatively large residuals for 1997 and
1999 (Table 1). These were the only two years in which chick-
condition, relative to the other four years, changed between early,
middle, and late chick-rearing (Table 1).

DISCUSSION

Our results suggest that measurements obtained during a single
visit to a seabird colony can be used to detect variation in chick
growth among years. Given the two methods that we tested, we
demonstrated that collecting wing, head-plus-bill, tarsus, and body
mass measures to calculate an overall body-size was preferable to
collecting only wing and body mass. However, if time or personnel
are extremely limited (especially regarding colony or chick
disturbance), measuring only wing and body mass is an adequate
approach to evaluating chick development during a single visit to
the colony.   

We selected days from mid-July to simulate a single visit to each
colony for two reasons. First, for kittiwakes in the northern Gulf of
Alaska, this is typically a period of maximum growth rate (Suryan
et al. 2002) leading to peak energetic demand for kittiwake chicks
(Gabrielsen et al. 1992). Therefore, variation in chick development
should most likely be expressed at this time. Second, we wanted to
use simple linear regression to analyze residual body mass,
therefore we restricted our selection of data to the linear growth
phase.

However, it is possible employ the one-sample technique at various
stages of chick-rearing depending on the question of interest. We
demonstrated that the one-sample technique is useful in detecting
inconsistent growth patterns within a given year. Indeed, the
inconsistent chick-condition indices that we found between early,
middle, and late chick-rearing for 1997 and 1999 were also
observed with growth trends where, based on logistic curves, in
1997 there was slow initial growth (delayed inflection point)
followed by recovery to a high asymptotic mass and in 1999 there
was average initial growth (average inflection point) but
subsequently reduced growth and lower asymptotic mass (Suryan

et al. 2002). Such inconsistent, within-year growth patterns were
not observed in our chick-condition indices or the logistic growth
curves for 1996 (consistently high) or 1998 (consistently low). 

Ideally, if chicks are measured only once, they should be measured
late in the phase of linear growth so that the index provides an
integrated measure of chick growth throughout the chick-rearing
period. However, measurements of chicks should be made prior to
pre-fledging weight recession (common among seabirds; Ricklefs
1968a,b) because body mass would decline while body size
continued to increase, creating misleading results. We also do not
recommend applying this method to very young chicks because
they are relatively homogeneous in body size and mass in early
development. Therefore, this method should work best for a species
with a relatively predictable breeding schedule so that a visit to the
colony can be made during the appropriate sampling window.
Conversely, its usefulness may be limited for species’ whose timing
of breeding varies a lot. Additional consideration should be given
to species that have multi-chick broods; if possible, chick order
should be distinguished and analyzed separately.

This snapshot approach to assessing variation in chick growth is
not recommended as a substitute for measuring complete growth
curves. Variations in food supply or environment at different stages
of chick rearing can alter the growth rate, duration of growth, and
asymptotic mass of chicks so that birds growing at a slower rate
may complete growth at a higher mass and vice-versa (Ricklefs
1968a, Suryan et al. 2002). For some birds, e.g. the Alcidae
(Gaston 1985, Øyan and Anker-Nilssen 1996) growth in all linear
dimensions may be retarded when rate of mass gain is slow, so this
method may not be able to discriminate between a year of late
hatching and a year of slow growth. This flexibility warrants
caution when interpreting results. On the other hand, for kittiwakes
in this study, it appeared that growth of the organs measured was
fairly determinate and that mass was affected more than body parts,
thus we recommend this approach for kittiwakes and believe that it
should be a useful tool for monitoring other species at colonies
subject to brief visits. Such a chick-condition index should provide
a useful indication of chick growth and development, and indirectly
allow inference about abundance of food supplies during the
breeding season.

ACKNOWLEDGEMENTS

Financial support for our work was provided by the U. S. Fish and
Wildlife Service and the Exxon Valdez Oil Spill Trustee Council
(APEX Restoration Project). However, the findings and
conclusions presented are ours and do not necessarily reflect the
views or position of the Trustee Council or the U. S. Fish and
Wildlife Service. Permits were granted by the U. S. Fish and
Wildlife Service, the Alaska Department of Fish and Game, and
Alaska State Parks for work at the Shoup Bay colony. We thank all
the field crews for their hard work in collecting chick growth data.

REFERENCES

BOERSMA, P.D. & PARRISH, J.K. 1998. Flexible growth in fork-
tailed storm-petrels: a response to environmental variability.
Auk 115: 67-75.

CAIRNS, D.K. 1987. Seabirds as indicators of marine food
supplies. Biological Oceanography 5: 261-267.



184 Benson et al.: Assessing chick growth from a single visit to a seabird colony

Marine Ornithology 31: 181-184 (2003)

COULSON, J.C. & PORTER, J.M. 1985. Reproductive success of
the kittiwake Rissa tridactyla: the roles of clutch size, chick
growth rates and parental quality. Ibis 127: 450-466.

FENDLEY, T.T. & BRISBIN, I.L., Jr. 1977. Growth curve
analyses, a potential measure of the effects of environmental
stress upon wildlife populations. International Congress of
Game Biologists 13: 337-350.

GABRIELSEN, G.W., KLASSEN, M., & MEHLUM, F. 1992.
Energetics of black-legged kittiwake Rissa tridactyla chicks.
Ardea 80: 29-40.

GASTON, A. J. 1985. Development of the young in the Atlantic
Alcidae. In: Nettleship, D.N. & Birkhead, T.R. (Eds.). The
Atlantic Alcidae. Academic Press, London: pp. 319-354.

GOLET, G.H., IRONS, D.B. & ESTES, J.A. 1998. Survival costs
of chick-rearing in black-legged kittiwakes. Journal of Animal
Ecology 67: 827-841.

HAMER, K.C., FURNESS, R.W. & CALDOW, R.W.G. 1991.  The
effects of changes in food availability on the breeding ecology
of Great Skuas Catharacta skua in Shetland. Journal of
Zoology, London 223: 175-188.

HAMER, K.C., MONAGHAN, P., UTLEY, J.D., WALTON, P. &
BURNS, M.D. 1993. The influence of food supply on the
breeding ecology of kittiwakes Rissa tridactyla in Shetland. Ibis
135: 255-263.

JAKOB, E. M., MARSHALL, S.D. & UETZ, G.W. 1996.
Estimating fitness: a comparison of body-condition indices.
Oikos 77: 61-67.

MANLY, B. F. J. 1994. Multivariate statistical methods: a primer.
2nd ed. London: Chapman & Hall. Chap. 6, Principal
components analysis; pp. 76-92.

MONTEVECCHI, W.A. 1993. Birds as indicators of change in
marine prey stocks,. In: . Furness, R.W. & Greenwood, J.J.D.
(Eds.). Birds as monitors of environmental change. Chapman
and Hall, London: pp. 217-266.

ØYAN, H.S. & ANKER-NILSSEN, T. 1996. Allocation of growth
in food-stressed Atlantic Puffin chicks. Auk 113: 830-841.

PHILLIPS, R. A., CALDOW, R.W.G. & FURNESS, R.W. 1996.
The influence of food availability on the breeding effort and
reproductive success of Arctic Skuas Stercorarius parasiticus.
Ibis 138: 410-419.

RICKLEFS, R.E. 1968a. Patterns of growth in birds. Ibis 110:
419-451.

RICKLEFS, R.E. 1968b. Weight recession in nestling birds. Auk
85: 30-35.

RICKLEFS, R.E. & WHITE, S.C. 1975. A method for constructing
nestling growth curves from brief visits to seabird colonies.
Bird-Banding 46: 135-140.

RICKLEFS, R.E. 1983. Avian postnatal development, p 1-83 In:
Avian Biology, Vol.VII. Academic Press, Inc.

SAS. 1989. SAS/STAT user’s guide. Version 6. SAS Institute, Cary,
North Carolina, USA.

SUDDABY, D. & RATCLIFFE, N. 1997. The effects of fluctuating
food availability on breeding Arctic Terns (Sterna paradisaea).
Auk 114: 524-530.

SURYAN, R.M., IRONS, D.B., KAUFMAN, M., BENSON, J.,
JODICE, P.G.R., ROBY, D.D. & BROWN, E.D. 2002. Short-
term fluctuations in forage fish availability and the effect on
prey selection and brood-rearing in the Black-legged Kittiwake
Rissa tridactyla. Marine Ecology Progress Series 236: 273-287.

SURYAN, R.M., ROBY, D.D., IRONS, D.B. & PIATT, J.F. 1999.
An evaluation of methods for determining growth rates of
nestling seabirds. In: Kittiwakes as indicators of forage fish
availability. Exxon Valdez oil spill restoration project annual
report (project 98163E). U.S. Fish and Wildlife Service,
Anchorage, Alaska.

UTLEY, J. D., WALTON, P., MONAGHAN, P. & AUSTIN, G. 1994.
The effects of food abundance on breeding performance and adult
time budgets of Guillemots Uria aalge. Ibis 136: 205-213.


