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ABSTRACT

Bennett, S., & Bolton, M. (2026). Biometrics as predictors of chick age in European Storm Petrels Hydrobates pelagicus. Marine
Ornithology, 54(2), 259-266. http://doi.org/00.0000/0000-0000.00.0.0000

Hatching dates for seabird chicks are often unknown, though they are of key utility for monitoring breeding timing, success, and chick fitness.
Biometric measurements of known-age chicks can be used to construct growth curves for estimating the ages of chicks of unknown age.
Such growth curves can be of particular use in species whose nesting attempts are not readily observed, such as in burrow-nesting species.
However, comprehensive growth curves for chicks are not available for many seabird species. Here we use data collected in two breeding
seasons on Mousa, Shetland, United Kingdom, to produce growth rate curves for the burrow-nesting European Storm Petrel Hydrobates
pelagicus. We analyse data on body mass, and wing and tarsus length measurements, of known-age chicks. Importantly, all models account
for individual-level variation in growth rates. Body mass and tarsus length increased consistently with age until ca. 40 d, after which body
mass decreased and tarsus growth plateaued as chicks approached fledging size. We provide estimates of age and their associated body mass,
tarsus length, and wing length across the full range of biometric measurements modelled. Age estimates derived from these biometrics will
facilitate the ageing of storm petrel chicks to within ca. 3-6 d for birds up to around 65 d old. Obtaining multiple biometric measurements

from individuals, and/or using multiple biometric types, may further refine these estimates.

Key words: biometrics, growth curve, growth rates, Hydrobatidae, physiology, Procellariiformes

INTRODUCTION

Determining the age of chicks can provide a useful measure of
breeding timing, from which inferences can be made about the
favourability of local environmental conditions. Chick age may
also indicate the likelihood of fledging success when chicks are
estimated to be older than the minimum fledging age (Minguez &
Oro, 2003). In addition, chick age facilitates the back-calculation
of hatching dates, which are key fitness indicators at both the
individual and population levels (Hatchwell, 1991). Chick age
may be determined through frequent nest observations to identify
hatching dates of chicks directly. An approximation of chick
age may also be obtained from measurements of morphological
features known to correlate with age, either as single or combined
measurements, such as wing length, body mass, and tarsus length
(Benson & Piatt, 2003; Huin & Prince, 2000). However, acquiring
high resolution growth rate data that can be used to generate
growth curves and predictive equations to reliably age chicks
requires intensive preliminary studies. Consequently, biometric
growth curves to age chicks are not available for many seabird
species.

In burrow-nesting species, such as storm petrels, monitoring
breeding attempts can be difficult because incubating adults
are not readily observed. Therefore, monitoring the breeding
of burrow-nesting species typically requires multiple visits to
individual nests throughout a breeding season. Growth curves
of phylogenetically related burrow-nesting species may show
similar trends and relationships (Bedolla-Guzman et al., 2017;
Mauck & Ricklefs, 2005). However, species-specific growth

curves are required for accurate back-calculation of age because
physiological characteristics, climatic conditions, and overall
body size vary between and even within species (Mauck &
Ricklefs, 2005).

Growth rates of chicks have been quantified for several storm
petrel species using biometric measurements to allow the back-
calculation of chick age and the estimation of hatching and laying
dates (Boersma & Parrish, 1998; Fiske et al., 2013). However,
for the European Storm Petrel Hydrobates pelagicus (hereafter
‘storm petrel’), there are currently no published growth curves
and associated equations that allow chick age to be estimated
from body mass, wing length, or tarsus length, or that compare
the relative utility of these three measures. Both Scott (1970)
and Bolton (1995) present growth curves for storm petrel body
mass, and Scott (1970) additionally provides growth curves
for wing length. However, neither study provides equations for
estimating chick age from these biometric measurements, and
neither includes growth curves for tarsus length. Consequently,
estimates of storm petrel chick age, and subsequent inferences on
breeding timing and its relationship with extrinsic factors, remain
relatively coarse.

To address the lack of chick growth equations that can be readily
used to estimate chick age in studies of the storm petrel, we
reanalysed data collected in the early 1990s of chick body masses,
tarsus length, and wing length. From these data, we derived
formulae for back-calculating chick age from each biometric
measure and determined the maximum age at which these estimates
are reliable.
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METHODS
Data Collection

To determine the relationship between chick age and tarsus length
in the European Storm Petrel, we used data collected from chicks of
known hatching date on Mousa, Shetland (60°00'N, 01°11'W), during
1992 and 1993. All chicks were monitored through to fledging. On
Mousa, storm petrels breed in boulder beaches, scree, abandoned
buildings, and structures such as stone walls. Storm petrels lay a one-
egg clutch and can rear a maximum of one chick per breeding season,
which remains in the nest for ca. 65 d until fledging.

Storm petrel nests can be hard to access because birds nest in small
crevices reached by narrow, winding access routes. Extreme care
is required when accessing nests to avoid damaging these fragile
structures, as even minor disturbance may alter the access route and
prevent a bird from reaching their nest. To facilitate easy and safe
monitoring of breeding attempts by the petrels on Mousa, a number of
nest boxes were installed in stone walls on the island in the early 1990s
(Bolton, 1996). Nesting attempts in nest boxes and accessible natural
sites were monitored intensively in both years of data collection for this
study, and hatching dates were recorded for all chicks.

Body mass was measured to the nearest 0.1 g using digital scales
(n = 1,631 observations). Chick’s tarsus length was measured to
the nearest 0.1 mm using dial callipers (n = 1,600 observations),
and wing lengths were measured to the nearest 1 mm using a
wing rule (n = 587 observations). The minimum tarsus length was
recorded, defined as the distance between the foot and the notch of
the “knee” (Redfern & Clark, 2001). Wing length was measured as
the maximum chord length and was recorded only in 1993 in chicks
aged 25 d or older, after primary feather growth had started. For
many chicks, biometric measurements were recorded repeatedly
prior to fledging (Table 1; Appendix 1, available on the website).
All measurements were taken by the same individual in both years.

Statistical Analysis

All analysis was undertaken in R statistical software version 4.3 (R
Core Team, 2024). For each biometric measure, we tested whether
a linear, quadratic, logistic, Richards, or Gompertz curve produced
the best model fit through comparison of AIC scores and R? values.
We incorporated a random effect of ‘individual ID’ in each case to
account for individual-level variation in growth rates.

Linear and quadratic models were run in the R package “lme4”
(Bates et al., 2001). All logarithmic, Gompertz, and Richards curve

TABLE 1
Number of biometric measurements (body mass, tarsus length,
and wing length) obtained from chicks in each study year®

Biometric
Year Body mass Tarsus length Wing length
(2) (mm) (mm)
1992 28 (2) 28 (2) n/a
1993 86 (5) 86 (5) 75 (0)
Total 114 114 75

2 Values in brackets indicate the number of chicks without repeated
biometric measurements in a given year.

models were run using the R package “saemix” (Comets et al., 2017),
with model formulae following those described in Boedeker (2021).

The logistic curve took the following form:

Total Growth,;

G; = Lower Asmyptote; + 1+ - Approach (- Timing) +ue
The Richards curve took the following form:
Total Growth;
G, = Lower Asmyptote; + T+ Ut

(1 + s; - e—Approach; (t- Timingi))s_i

The Gompertz curve took the following form:

G, = Lower Asmptote * Total Growth; x e=¢"**" " TTmmoy 4 Uiy
where G, is the ‘growth measure’ at time #, Lower Asymptote; is the
lower asymptote for individual ‘", Total Growth; is the total change
in the growth measure for individual ;’, Approach is the rate of
growth to the upper asymptote for individual ‘i, Timing; is the age
of individuals at the inflection point, s;, and u;, is the residual for
individual 7 at time 7.

Because data were collected over two breeding seasons, Year was
also included as a fixed term in all models. However, this effect was
non-significant in all cases, and model fit was improved when it was
excluded. Consequently, this term is not included in final models
(AAIC for models including Year as a fixed term: mass = +8.5,
tarsus = +43.6, wing length = +20.1).

To model the relationship between chick age and body mass, we
used a quadratic polynomial because this produced the best model
fit (R? = 0.83; AAIC relative to the next-best model = 12.7, simple
linear model).

We used a Richards curve to model the relationship between chick
age and tarsus length (R* = 0.99; AAIC relative to the next best
performing model, Gompertz = 86).

Lastly, we used a Gompertz curve to model the relationship
between chick age and wing length (R?> = 0.99; AAIC to the next
best performing model, Richards = 0.96).

RESULTS
Summary of Biometric Data

For context, the relationships among the three biometric
measures are presented in Fig. 1. Tarsus length was strongly
correlated with chick body mass and moderately correlated with
wing length (Fig. 1; body mass: cor = 0.9249;, p < .01; wing
length: cor = 0.43 47, p < .01). The relationship between body
mass and tarsus length plateaued beyond a tarsus length of ca.
23 mm. In contrast, body mass was not significantly related to
wing length (p = .09).

Growth Rates
For all three biometric measurements, initial growth was broadly

linear, although all biometrics ultimately followed a non-linear
relationship with age (Fig. 2).
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There was a broadly linear relationship between chick body mass
and age until ca. 30 d of age (body mass = 34.6 g; Fig. 2a). Beyond
ca. 30 d of age, the rate of increase in body mass slowed and the
relationship between body mass and age became non-linear. From
ca. 49 d of age onward, body mass showed a negative relationship
with age. Furthermore, once chicks reached a body mass of ca.
30 g, the quadratic nature of the relationship meant that body mass
could no longer be used as a reliable predictor of age because the
equation yielded two viable solutions of the equation (i.e., two
possible age estimates for a given mass). The associated standard
error in estimated ages derived from body mass increased markedly
from ca. 25 + 4 d to = 7 d of age, largely as a consequence of the
quadratic relationship. The relationship of chick age and body
mass can be described with the following formula, and ages can be
estimated reliably for chicks with body masses up to 30 g when the
plus-minus term is considered a ‘+’:
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Fig. 1. The paired relationship between the three biometric
measurements taken from European Storm Petrel Hydrobates
pelagicus chicks on Mousa, Shetland, United Kingdom. (a) Body
mass and tarsus length, (b) tarsus length and wing length, and
(c) body mass and wing length. Points represent individual
measurements (7 = 1,600, 587, and 562, respectively for panels a—c,
respectively).

\/2.46 — 0.0613(Body mass (g) )

= 4935 +
Age (days) = 49.35 + —0.0306

The relationship between chick tarsus length and age was
curvilinear, reaching a plateau in growth from ca. 50 d of age.
As with body mass, the standard error of age estimates derived
from tarsus lengths increased markedly, from ca. 25 + 3 d of
age to + 7 d thereafter. Chick ages may be estimated from tarsus
length using a Richards curve, described using the formula below.
In the formula, G is the observation for an individual ‘;’ at time
‘. Population averages for the model parameters were 9.7 for
the lower asymptote, 13.13 for total growth, 0.13 for the rate of
approach to the upper asymptote at the point of inflection, 0.92 for
the symmetry parameter, and 19.07 for the age at which the rate
of change in growth was the greatest. Each parameter was subject
to individual-level variation ‘’, and ‘u’ represents the residual

i

Marine Ornithology 54(2): 259-266 (2026)



262 Bennett & Bolton: Biometric predictors of chick age in European Storm Petrels

(a)

50

40

30

Body mass (g)

20

10

0 20 40 60
Chick age (days)

(c)

120 . . .

90 oee 8 .

Wing length (mm)

60 P} (SRR

30

Chick age (days)

]

error for individual ‘" at time ‘,’, where ¢ denotes chick age in
days (Fig. 2b):

13.13;

Gi,t = 971 + + ui_t

1
(1+ 0.92; -e 013 (t- 19.070)@

The above equation can then be approximated and rearranged to
solve for ‘t’ (chick age, d):

13.13
1 -9.
t= 19.07 — In( Tarsus Length — 9.7

0.13 0.92

Y092 _ 1

)

The relationship between chick wing lengths and age was also
curvilinear but did not reach a plateau across the ages measured.
The standard error of age estimates derived from wing length
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Fig. 2. Growth curves describing the relationship between chick age
and (a) body mass (quadratic model), (b) tarsus length (Richards
growth curve), and (c) wing length (Gompertz growth curve) in
European Storm Petrel Hydrobates pelagicus chicks in Mousa,
Shetland, United Kingdom. Fitted growth curves are shown by
the green lines. Error bars indicate the standard deviation of chick
biometrics at each age. n = 1,631, 1,600, and 587 observations,
respectively; R? = 0.71, 0.99 and 0.98, respectively.

remained relatively consistent until ca. 50 d of age, after which
it increased from an average of + 3 d to £ 6 d. Wing length
followed a Gompertz growth curve (Fig. 2¢). Accordingly, chick
age may be estimated from wing length with the formula below.
In the formula, G represents the wing length for an individual *;
at time °, (where ¢ is chick age, d). Population averages provided
for the model parameters were 43.62 for the lower asymptote,
92.34 for total growth, 0.08 for the rate of approach to the upper
asymptote at the point of inflection, and 43.78 for the age at
which the rate of change in growth was greatest. Each parameter
was subject to individual-level variation ‘;’, and ‘u’ represents
the residual error for individual ‘;’ at time ‘;’, where ¢ denotes
the age in days (Fig. 2c¢):

—0.08;(t-4373)

G, = 43.62 % 92.34; xe

Uit
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The above equation can then be approximated and rearranged to
solve for ‘#’ (chick age, d):

Wing Length
t= 43.73+ 125 ln[—ln(W

Predicted ages corresponding to a range values for each of the three
biometric measures are provided in Table 2. As shown, the growth
rate of chicks decreased with age; consequently, age estimates
for older chicks are subject to greater imprecision than those for
younger chicks (Table 2). Larger-format versions of all growth
curves, presented at finer increments to improve readability, are
provided in Appendix 2.

DISCUSSION

We quantified the relationship between three chick biometric
measures and age in European Storm Petrels up to 65 d, or
fledging. Body mass increased consistently with age until ca.
40 d, after which chicks lost mass. Tarsus length increased non-
linearly with age until ~40 d, after which growth approached a
plateau. Wing length also showed a logistic relationship with age
but did not reach a plateau within the age range measured. Overall
age estimates derived from tarsus length and body mass were most
precise for younger chicks, with chicks < 25 d old assigned ages
with an average uncertainty of + 3—4 d. Thereafter, chicks could
be aged to within + 7 d using tarsus length until ca. 40 d of age,
beyond which tarsus length could not be used to estimate age
reliably. In contrast, wing length could be used to estimate the
age of chicks from ca. 25 d to fledging (ca. 65 d), although the
associated error increased from =+ 3 d for chicks < 50 d, to about
+ 6 d for older chicks. Consequently, measurements of body mass,
tarsus length, and wing length provide a useful, though relatively
imprecise, measure of their age. If multiple measurements are
obtained from the same chick, the variation in the relationship
between age and each biometric measurement may yield a range
of potential age estimates. In particular, repeated measurements of
tarsus length over multiple time points may increase confidence
in derived ages; where a single measurement gives a range of
potential ages, obtaining one or more additional measurements
may help refine age estimates further where measures fall in
between the age estimates provided in Table 1.

Chicks of several storm petrel and other procellariiform species
increase in body mass until shortly before fledging, after which
body mass decreases until fledging (Albores-Barajas et al., 2015;
Bolton, 1995; Scott, 1970). Our data show the same pattern,
which somewhat limits the utility of body mass alone as an
indicator of age. Once body mass exceeds 30 g, the range of
possible ages becomes relatively broad (ca. 23-65+ d of age).
Consequently, our analyses suggest that tarsus length, wing
length, or a combination of both provides a more useful means
of ageing chicks across their development. In Wilson’s Storm
Petrel Oceanites oceanicus, tarsus length was also found to be
the most useful and reliable method to age chicks (Quillfeldt &
Peter, 2000). Both wing length and tarsus length were found to
be the most useful and consistent biometrics for ageing chicks in
several other storm petrel species and followed the same growth
pattern (Bedolla-Guzmadn et al., 2017; Fiske et al., 2013; Mauck
& Ricklefs, 2005). Tarsus length reaches adult size (ca. 19.6—
24.3 mm; Demongin, 2016) well before fledging, resulting in the
observed growth plateau. In contrast, wing length may continue

to increase until fledging, reaching 116134 mm in adults (this
study; Bedolla-Guzman et al., 2017; Demongin, 2016; Fiske et
al., 2013). Therefore, wing length may provide the most reliable
biometric measurement for ageing storm petrel chicks from
mid-development onward, though combining multiple metrics or
obtaining repeated measurements over time may further improve
the precision of age estimates. Some studies have shown that
storm petrel chicks that survive to 25 d of age are very likely to
fledge. Minguez & Oro (2003) found that 94% of chick mortality
occurred before 25 d age. Therefore, estimating a chick’s age as
> 25 d from tarsus or wing length may provide a reliable estimate
of fledging probability. However, age-specific survival likelihood
may vary between years and regions.

The greater confidence in assigned ages for chicks up to ca. 25 d
of age, for all biometrics assessed here, also indicates that these
biometrics could be used to estimate breeding success without
requiring repeated visits by researchers throughout the ca. 65-d
fledging period (Davis, 1957; Scott, 1970). Consequently, a single
visit to a nest containing a chick estimated to be > 25 d old may
provide a useful broad estimate of breeding success.

The growth rate of chicks may be influenced by changes in prey
availability and climatic factors, both of which may vary inter-
annually and affect fledging success (Benowitz-Fredericks et al.,
2006; Hunt & Hunt, 1976; Sauve et al., 2023). In years where
extrinsic conditions are less favourable, growth rates may be
slower (Mauck & Ricklefs, 2005). Consequently, growth rate
curves derived solely from years with favourable conditions, and
faster growing chicks, may predict chick age less accurately than
those developed from data spanning a wider range of potential
growth rates (Watson et al. 2021). Because the data in this study
were collected in only two breeding seasons, they are unlikely to
encompass the full range of possible growth trajectories across
each biometric measurement. However, a relatively large number
of individual chicks were measured in both years, irrespective
of whether they later fledged successfully, and therefore the data
should capture a broad range of growth rates. Watson et al. (2021)
also investigated growth rates in storm petrels at the same colony
as this study in two later study years and reported growth curves
of similar shape for all three biometric measures. The tarsus and
wing length curves closely resembled those identified in this study,
suggesting that these two metrics provide robust and consistent
estimates of chick age across years. In contrast, the curve for body
mass showed greater inter-annual variation, both within Watson
et al. (2021) and relative to the current study, likely reflecting
the greater sensitivity of body mass to annual variation in local
environmental conditions.

Growth rates may also vary with latitude, limiting the application
of growth rates derived in one region to other populations (Jakubas
et al., 2014). However, growth patterns in European Storm Petrels
have been shown to be consistent across a range as large as the
North Atlantic (Minguez, 1996). Given that the breeding range of
storm petrels is largely limited to western Europe (Snow & Perrins,
1998), the growth curves presented here are likely to be broadly
applicable throughout the species’ range. Further work investigating
the relationships between chick growth rates and breeding success
across regions would help establish the broader applicability of these
models. Notably, this study accounted for repeated measurements
from individual chicks, thereby incorporating individual variation in
growth trajectories, an important source of variation that has largely
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TABLE 2
Chick body mass, tarsus length, and wing length, and their associated mean predicted ages
across the range of potential measurements for which models were appropriate

Body mass (g) Estimated age (d) Tarsus length (mm) Estimated age (d) Wing length (mm) Estimated age (d)
10 0 10.7 0 <45 <25
4 1 10.8 1 45 25
6 2 11.0 2 45 26
7 3 11.1 3 46 27
9 4 11.3 4 46 28
10 5 11.5 5 47 29
11 6 11.7 6 48 30
13 7 12.0 7 49 31
14 8 12.2 8 51 32
15 9 12.5 9 52 33
16 10 12.8 10 54 34
18 11 13.1 11 56 35
19 12 13.4 12 58 36
20 13 13.8 13 60 37
21 14 14.2 14 63 38
22 15 14.6 15 65 39
23 16 15.0 16 68 40
24 17 154 17 70 41
25 18 15.8 18 73 42
26 19 16.2 19 76 43
27 20 16.7 20 78 44
28 21 17.1 21 81 45
29 22 17.5 22 84 46

30+ 23+ 17.9 23 86 47
18.3 24 89 48
18.7 25 92 49
19.0 26 94 50
19.4 27 96 51
19.7 28 99 52
20.0 29 101 53
20.3 30 103 54
20.5 31 105 55
20.8 32 107 56
21.0 33 109 57
21.2 34 111 58
21.4 35 112 59
21.5 36 114 60
21.7 37 115 61
21.8 38 117 62
21.9 39 118 63
22.0 40 119 64
22.1 41 121 65
22.2 42
22.3 4344
22.4 45-46
22.5 47-48
22.6 49-51
22.7 52-58
22.8 59+
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been overlooked in previous studies. As a result, the growth rate
estimates produced here may supersede any previous estimates that
did not account for repeated measurements of individuals.

Overall, we present equations for estimating the age of storm petrel
chicks from body mass, tarsus length, and wing length. Although all
three biometric measures may be used to estimate chick age, tarsus
length is likely to be the single most useful measure for chicks up to
about 40 d of age (tarsus length < 20 mm), after which wing length
provides a more reliable estimate. Using the equations presented
here, a single biometric measurement can be used to estimate chick
age. Consequently, hatch date may be estimated and, where chicks
are estimated to be > 25 d old during a nest visit, breeding success
can be broadly inferred. Multiple visits to nests with chicks may
then refine estimated ages further and allow comparative estimates
of the rate of chick growth to be made to infer the quality of
extrinsic conditions.

ACKOWLEDGEMENTS

Fieldwork was carried out from the Zoology Department, Glasgow
University, under a Postdoctoral Research Fellowship awarded
by the Natural Environment Research Council to MB. All work
was carried out under permissions from V. M. Bruce and G. Bell
of Sumburgh Estates; J. Henderson, I. Henderson, R. Mcllwraith,
and L. Fleck of Historic Scotland; and Scottish Natural Heritage.
This research would not have been completed without the generous
assistance of Tom and Cyntia Jamieson who operated the ferry
service to the island, and Tony Brewster and the crews of the
coastguard helicopter operated by Bristow’s, which provided a vital
link with the mainland during September and October. We also
thank Jane Bolton and Colin Jackson for their assistance in carrying
out fieldwork. We are also grateful for comments from reviewers
that helped to improve the manuscript.

The authors declare no conflicts of interest.
ETHICS STATEMENT

All procedures were conducted under the appropriate licences and
land access permissions.

REFERENCES

Albores-Barajas, Y. V., Massa, B., Tagliavia, M., & Soldatini,
C. (2015). Parental care and chick growth rate in the
Mediterranean Storm-petrel Hydrobates pelagicus melitensis.
Avocetta, 39(1), 29-35.

Bates, D., Michler, M., Bolker, B., & Walker, S. (2025). lme4:
Linear mixed-effects models using Eigen and S4 (R package
version 1.1-37) [Computer software]. Comprehensive R Archive
Network. https://CRAN.R-project.org/package=lme4

Bedolla-Guzmadn, Y., Masello, J. F., Aguirre-Muiloz, A., Lavaniegos,
B. E., & Quillfeldt, P. (2017). Breeding biology, chick growth,
and diet of the Least Storm-Petrel Oceanodroma microsoma on
Islas San Benito, Mexico. Marine Ornithology, 45(2), 129-138.
http://doi.org/10.5038/2074-1235.45.2.1219

Benowitz-Fredericks, Z. M., Kitaysky, A. S., & Thompson, C. W.
(2006). Growth and allocation in captive Common Murre (Uria
aalge) chicks (Croissance et allocation chez des Oisillons Uria
aalge). The Auk, 123(3), 722-734. https://doi.org/10.1093/
auk/123.3.722

Benson, R. M. S. J., & Piatt, J. F. (2003). Assessing chick growth
from a single visit to a seabird colony. Marine Ornithology,
31(2), 181-184. http://doi.org/10.5038/2074-1235.31.2.578

Boedeker, P. (2021). Nonlinear mixed-effects growth models: A
tutorial using ‘saemix’ in R. Merthodology, 17(4), Article 4.
https://doi.org/10.5964/meth.7061

Boersma, P. D., & Parrish, J. K. (1998). Flexible growth rates in Fork-
Tailed Storm-Petrels: A response to environmental variability.
The Auk, 115(1), 67-75. https://doi.org/10.2307/4089112

Bolton, M. (1995). Food delivery to nestling storm petrels:
Limitation or regulation? Functional Ecology, 9(2), 161-170.
https://doi.org/10.2307/2390560

Bolton, M. (1996). Energy expenditure, body-weight and foraging
performance of Storm Petrels Hydrobates pelagicus breeding in
artificial nesting chambers. Ibis, 138(3), 405-409. https://doi.
org/10.1111/1.1474-919X.1996.tb08058.x

Comets, E., Lavenu, A., & Lavielle, M. (2017). Parameter
estimation in nonlinear mixed effect models using saemix, an R
implementation of the SAEM algorithm. Journal of Statistical
Software, 80(3), 1-41. https://doi.org/10.18637/jss.v080.103

Davis, P. (1957). The breeding of the storm petrel. British Birds,
1(3), 85-101.

Demongin, L. (2016). European Storm Petrel Hydrobates pelagicus.
In Identification guide to birds in the hand: The 301 species
most frequently caught in Western Europe: Identification,
measurements, geographical variation, moult, sex and
age (p. 53). Pelagic Publishing.

Fiske, J. A., Gannon, D., & Newman, A. E. M. (2013). Effects of
repeated investigator handling of Leach’s Storm-Petrel chicks
on growth rates and the acute stress response. Journal of Field
Ornithology, 84(4), 425-432. https://doi.org/10.1111/jofo.12041

Hatchwell, B. J. (1991). An experimental study of the effects of
timing of breeding on the reproductive success of Common
Guillemots (Uria aalge). Journal of Animal Ecology, 60(3),
721-736. https://doi.org/10.2307/5410

Huin, N., & Prince, P. A. (2000). Chick growth in albatrosses:
Curve fitting with a twist. Journal of Avian Biology, 31(3),
418-425. https://doi.org/10.1034/j.1600-048X.2000.310318.x

Hunt, G. L., & Hunt, M. W. (1976). Gull chick survival: The
significance of growth rates, timing of breeding and territory
size. Ecology, 57(1), 62-75. https://doi.org/10.2307/1936398

Jakubas, D., Wojczulanis-Jakubas, K., & Jensen, J.-K. (2014). Body
size variation of European Storm Petrels Hydrobates pelagicus
in relation to environmental variables. Acta Ornithologica,
49(1), 71-82. https://doi.org/10.3161/000164514X682904

Mauck, R. A., & Ricklefs, R. E. (2005). Control of fledging
age in Leach’s Storm-Petrel, Oceanodroma leucorhoa: Chick
development and prefledging mass loss. Functional Ecology,
19(1), 73-80. https://doi.org/10.1111/1.0269-8463.2005.00933.x

Minguez, E. (1996). Nestling feeding strategy of the British
storm-petrel Hydrobates pelagicus in a Mediterranean
colony. Journal of Zoology, 239(4), 633-643. https://doi.
org/10.1111/.1469-7998.1996.tb05467.x

Minguez, E., & Oro, D. (2003). Variations in nest mortality in the
European storm petrel Hydrobates pelagicus. Ardea, 91(1),
113-117.

Quillfeldt, P., & Peter, H.-U. (2000). Provisioning and growth in
chicks of Wilson’s storm-petrels (Oceanites oceanicus) on King
George Island, South Shetland Islands. Polar Biology, 23(12),
817-824. https://doi.org/10.1007/s003000000158

R Core Team. (2024). R (version 4.3) [Computer software]. The R
Foundation for Statistical Computing. https://www.r-project.org/

Marine Ornithology 54(2): 259-266 (2026)


https://CRAN.R-project.org/package=lme4
http://doi.org/10.5038/2074-1235.45.2.1219
https://doi.org/10.1093/auk/123.3.722
https://doi.org/10.1093/auk/123.3.722
http://doi.org/10.5038/2074-1235.31.2.578
https://doi.org/10.5964/meth.7061
https://doi.org/10.2307/4089112
https://doi.org/10.2307/2390560
https://doi.org/10.1111/j.1474-919X.1996.tb08058.x
https://doi.org/10.1111/j.1474-919X.1996.tb08058.x
https://doi.org/10.18637/jss.v080.i03
https://doi.org/10.1111/jofo.12041
https://doi.org/10.2307/5410
https://doi.org/10.1034/j.1600-048X.2000.310318.x
https://doi.org/10.2307/1936398
https://doi.org/10.3161/000164514X682904
https://doi.org/10.1111/j.0269-8463.2005.00933.x
https://doi.org/10.1111/j.1469-7998.1996.tb05467.x
https://doi.org/10.1111/j.1469-7998.1996.tb05467.x
https://doi.org/10.1007/s003000000158
https://www.r-project.org/

266 Bennett & Bolton: Biometric predictors of chick age in European Storm Petrels

Redfern, C. P. F, & Clark, J. A. (2001). Data collection and Scott, D. A. (1970). The breeding biology of the storm

biometrics. In Ringers’ manual (4th ed., pp. 223-224). British petrel Hydrobates pelagicus [Doctoral dissertation, University

Trust for Ornithology. of Oxford]. Oxford University Research Archive. https:/
Sauve, D., Friesen, V. L., Hatch, S. A., Elliott, K. H., & Charmantier, ora.ox.ac.uk/objects/uuid:24973¢c21-ab78-42f1-a3¢cl-

A. (2023). Shifting environmental predictors of phenotypes a7665b776bbf

under climate change: A case study of growth in high latitude Snow, D. W., & Perrins, C. M. (1998). European Storm

seabirds. Journal of Avian Biology, 2023(5-6), ¢03062. https:/ Petrel, Hydrobates pelagicus. In The birds of the Western

doi.org/10.1111/jav.03062 Palearctic: Concise edition (Vol. 1). Oxford University Press.

Marine Ornithology 54(2): 259-266 (2026)


https://doi.org/10.1111/jav.03062
https://doi.org/10.1111/jav.03062
https://ora.ox.ac.uk/objects/uuid:24973c21-ab78-42f1-a3c1-a7665b776bbf
https://ora.ox.ac.uk/objects/uuid:24973c21-ab78-42f1-a3c1-a7665b776bbf
https://ora.ox.ac.uk/objects/uuid:24973c21-ab78-42f1-a3c1-a7665b776bbf

