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ABSTRACT. Hematocrits may provide information about the physiological condition of birds, but, to be a
useful measure, information is needed concerning how hematocrits vary among individuals and over time. We
examined the repeatability of hematocrits in a population of Gray Catbirds (Dumetella carolinensis) in Pennsylvania
at several time scales and also examined the repeatability of body mass, another measure commonly used as an
indicator of condition. Both hematocrit (r = 0.64) and mass (r = 0.65) were repeatable (P < 0.01) for first captures
between years and between first and second captures within a year (r = 0.41 and r = 0.50, respectively; P < 0.01),
but not repeatable (P > 0.05) between captures in different months within a year (r = 0.11 for both). Repeatability
of both measures differed by sex and age. Females exhibited repeatability of hematocrit and body mass only between
years, while male hematocrits were repeatable between years and between first and second captures within a season.
Male mass was repeatable for all time periods. Hematocrits of younger birds were repeatable between captures
within a season and their body mass was repeatable between months and weeks while hematocrits of older birds
were not repeatable and their body mass was repeatable only between captures in a season. Our results indicate that
hematocrits and body mass had similar repeatability coefficients overall, but that hematocrits of Gray Catbirds were
a consistent trait of individuals only across years. Because repeatability between captures and months depended
on sex and age, we conclude that the hematocrit is a useful measure of individual performance only in limited
circumstances.

RESUMEN. La repetibilidad del hematocrito y del peso corporal de Dumetella carolinensis
El hematocrito podŕıa proveer información sobre la condición f́ısica de las aves pero para ser una medida

útil se necesita información sobre como el hematocrito varia entre individuos y a través del tiempo. Examinamos
la repetibilidad del hematocrito en una población de Dumetella carolinensis en Pennsylvania durante diferentes
escalas temporales. También examinamos la repetibilidad del peso corporal, otra medida comúnmente usada como
indicador de la condición del individuo. El hematocrito (r = 0.64) y el peso corporal (r = 0.65) eran repetibles
(P < 0.01) para las primeras capturas entre años y entre la primera y segunda captura dentro del año (r = 0.41 y
r = 0.50, respectivamente; P < 0.01), pero no eran repetibles (P > 0.05) entre capturas realizadas en diferentes
meses dentro del año (r = 0.11 para los dos). La repetibilidad de las dos medidas difiere por sexo y edad. Las
hembras se caracterizaron por tener repetibilidad del hematocrito y del peso corporal solo entre años, mientras que
el hematocrito de los machos era repetible entre años y entre la primera y segunda captura dentro de la temporada.
El peso corporal de los machos era repetible durante todos los periodos a través del tiempo. El hematocrito de las
aves mas jóvenes era repetible entre capturas dentro de la temporada y su peso corporal era repetible entre meses
y semanas, mientras que el hematocrito de las aves mayores no era repetible y su peso corporal era repetible solo
entre capturas dentro de la temporada. Nuestros resultados indican que los hematocritos y el peso corporal en
general tuvieron coeficientes de repetibilidad similares, pero que los hematocritos de D. carolinensis eran un rasgo
consistente de los individuos solo entre años. Por la razón que la repetibilidad entre capturas y meses dependı́a del
sexo y edad, concluimos que el hematocrito es una medida útil del performance individual solo en circunstancias
limitadas.
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Hematocrit values, the ratio of packed red
blood cell volume to total blood volume, may
provide information about the physiological
condition of wild birds (Ots et al. 1998, Simon
et al. 2005, Norte et al. 2008a; but see Dawson
and Bortolotti 1997, Cuervo et al. 2007, Amat
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et al. 2009). High hematocrits may result from
either dehydration (Biebach 1990, Carmi et al.
1992) or aerobic stress, such as that experienced
during migration (Carpenter 1975), whereas
low hematocrits (anemia) may indicate para-
sitism, chronic disease, decreased red blood cell
production, or blood loss (Campbell and Dein
1984). In addition, hematocrits can vary with
age, sex, season, and condition (Fair et al. 2007).
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Given this potential variability, determining
how hematocrits vary among individuals and
over time is important if they are to be useful
indicators of individual health. For example,
if hematocrit values are not consistent across
captures (i.e., there is a greater variation in
hematocrits of the same individual than those
of different individuals) at any time scale, then
their use as an indicator of individual perfor-
mance would be limited. One such measure of
consistency is repeatability.

Repeatability, or the ratio of variation among
individuals to variation within and among in-
dividuals, is commonly used to determine the
reliability of repeated measurements on the
same object or individual and, in quantita-
tive genetics, repeatability is used to describe
the proportion of phenotypic variance in a
trait that occurs among as compared to within
individuals (Lessells and Boag 1987, Merilä
and Sheldon 2001). Repeatability has been
used in nongenetic studies to determine the
time consistency of potentially highly variable
characteristics such as behavior (Schwagmeyer
and Mock 2003), metabolic rate (Nespolo and
Franco 2000), and body condition (Hõrak et al.
2002). Measured at different time scales or life
history stages, repeatability can provide infor-
mation about variation in a trait and potential
differences in the strength of environmental in-
fluences. A highly repeatable trait (e.g., r > 0.5)
suggests a strong genetic as opposed to environ-
mental component to individual variation (Boag
and van Noordwijk 1987, Merilä and Sheldon
2001) and that the measure is a reliable indi-
cator of individual performance because more
than half the variation is among rather than
within individuals. In contrast, traits that are
not significantly repeatable or that exhibit low
repeatability may have a strong environmental
component, preventing useful comparisons be-
tween individuals unless environmental varia-
tion is controlled.

Despite the potential value of using hemat-
ocrits to compare the physiological state of indi-
viduals, repeatability of hematocrits has, to our
knowledge, been reported for only two species of
songbirds. Hematocrits of breeding adult Pied
Flycatchers (Ficedula hypoleuca) were found to
be repeatable between years for females, but
repeatability at shorter time scales was not exam-
ined (Potti 2007). For Great Tits (Parus major),
hematocrits were compared over a number of

time scales, including a 45-day period, across a
spring season within a year, across an autumn
season within a year, across an entire year, and
over 4 yr (Norte et al. 2008b). Repeatability was
significant across a spring season and an entire
year, but not at the other time scales (Norte et al.
2008b).

Our objective was to determine the repeata-
bility of hematocrits of Gray Catbirds (Dume-
tella carolinensis) in northeastern Pennsylvania at
various time scales to determine if hematocrits
exhibit sufficient individual consistency across
time (i.e., individual hematocrits vary less within
than among individuals) to permit useful com-
parisons between individuals. We also examined
repeatability of body mass, another measure
used as an indicator of condition. Catbirds were
recaptured over a 4-yr period and, for three
of those years, were recaptured during three
seasons, allowing examination of repeatability
between years, between months, and between
captures in the same year.

METHODS

We captured catbirds in mist-nets from mid-
April to mid-July 2005 and from mid-April
to September 2006, 2007, and 2008 at sites
in and near Lackawanna State Park in Lack-
awanna County, Pennsylvania (41◦34′30′′N,
75◦42′5′′W). For a detailed site description, see
Smith and Hatch (2008). Catbirds were banded
with a U.S. Geological Survey aluminum band,
uniquely marked with 1–3 color bands, and
weighed using an electronic balance (± 0.1 g).
Most catbirds were aged using plumage charac-
teristics (second year [SY] or after second year
[ASY]) and sexed using the presence of either a
brood patch (females) or cloacal protuberance
(males; Pyle 1997). A blood sample (50–125
�L) was collected via brachial vein puncture
using a 27-gauge needle and heparinized micro-
hematocrit capillary tubes. Samples were kept
on ice in the field until taken to the lab. We
determined hematocrits via centrifugation of
capillary tubes for 9 min at 14,000 rpm. Using
digital calipers, we measured the total volume
and packed red blood cell volume to the nearest
0.01 mm.

Repeatability [s2
a/(s2 + s2

a)] was calculated
from the ratio of the variance among individuals
(s2

a) to the variance among and within individu-
als (s2 + s2

a) obtained from a one-way ANOVA
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with individuals as the independent variable
and hematocrits as the dependent variable (Les-
sells and Boag 1987). A trait is repeatable if
the ANOVA is significant because this indi-
cates significant differences between individu-
als. Standard errors were estimated following
Becker (1984). Between-year repeatability was
determined for all individuals captured in more
than 1 yr in the same month as their previous
year’s capture. Between-month repeatability was
determined for all individuals captured in at least
two different months in a given year. For birds
captured in multiple months in multiple years,
data for the year with the most captures in dif-
ferent months were used. Finally, to determine
repeatability between first and second captures,
we included birds captured at least twice in 1 yr
and only used the first year with two or more
captures for birds caught in multiple years. All
analyses were performed using SPSS version 15
(SPSS Institute 2006), and means are reported
±SE.

RESULTS

The mean ordinal arrival date for our Gray
Catbird population as a whole (145 ± 0.7 days)
was similar to the mean ordinal date of first
capture for catbirds in our repeatability data set
(147 ± 2 days). We found that hematocrits were
significantly repeatable across first captures in
each year and across first and second captures
(mean interval = 16.6 ± 1.5 days), but not
across months (mean interval = 34.4 ± 2.3
days) in a year (Table 1). In addition, we

Table 1. Repeatability (± SE) of hematocrit for Gray Catbirds captured in Lackawanna County,
Pennsylvania, 2005–2008. The mean number of days between captures in different months was 34.4 ± 2.3
(SE), and the mean number of days between first and second capture was 16.6 ± 1.5 (SE).

Category Year Month Captures

Males 0.60 ± 0.2∗∗ 0.01 ± 0.1 0.37 ± 0.1∗

(N = 14) (N = 33) (N = 36)
Females 0.69 ± 0.2∗∗ 0.11 ± 0.1 0.06 ± 0.2

(N = 8) (N = 19) (N = 22)
SY N/A 0.15 ± 0.2 0.41 ± 0.1∗∗

(N = 22) (N = 32)
ASY N/A 0.03 ± 0.1 0.21 ± 0.2

(N = 29) (N = 31)
All categories combined 0.64 ± 0.1∗∗ 0.11 ± 0.09 0.41 ± 0.08∗∗

(N = 24) (N = 66) (N = 108)
∗Significant at the 0.05 level.
∗∗Significant at the 0.01 level.

found that hematocrits of females were only
repeatable between years, whereas those of males
were significantly repeatable between years and
captures (Table 1). Also, ASY birds did not
have repeatable hematocrits, but hematocrits
were significantly repeatable between captures
for SY birds (Table 1). Overall, hematocrits were
highest in May (Fig. 1).

Although body mass was significantly repeat-
able over more time scales and categories than
hematocrits (Table 2), repeatability coefficients
for all categories combined were similar for
the two measures (Tables 1 and 2). Repeata-
bility of male mass was significant over all
time scales, whereas female mass was repeatable
only between years (Table 2). The body mass
of both SY and ASY birds was significantly
repeatable between months. However, only the
body mass of SY individuals was repeatable
between captures. Body mass was highest in
September (Fig. 2), and mass and hematocrit
were negatively correlated (r =−0.39, P = 0.03,
N = 32).

DISCUSSION

Overall, we found that the hematocrits and
body mass of Gray Catbirds were repeatable
between years and between captures (separated
by an average of 2 weeks), but not between
months. However, repeatability differed with
sex and age, with the hematocrits and mass of
males more repeatable than those of females
and those of SY birds more repeatable than
those of ASY birds. Our results suggest that



Vol. 81, No. 1 Hematocrits of Gray Catbirds 67

Fig. 1. Mean monthly hematocrit for Gray Catbirds captured in or near Lackawanna State Park,
Pennsylvania. Bars represent 95% confidence limits, numbers represent sample size, and letters indicate
means that are significantly different (Tukey post-hoc test).

the hematocrits of individual Gray Catbirds
are sufficiently similar across years to compare
individuals on an annual basis, but that within-
year comparisons, especially for females, should
not be made unless it is possible to control for the
considerable environmental variation.

Repeatability of hematocrits for Gray Cat-
birds in our study was higher than that re-
ported for either Pied Flycatchers (across years:

Table 2. Repeatability (± SE) of body mass for Gray Catbirds captured in Lackawanna County, Pennsylvania,
2005–2008. The mean number of days between captures in different months was 34.4 ± 2.3 (SE), and the
mean number of days between first and second capture was 16.6 ± 1.5 (SE).

Category Year Month Captures

Males 0.67 ± 0.1∗∗ 0.48 ± 0.1∗∗ 0.46 ± 0.1∗∗

(N = 14) (N = 33) (N = 36)
Females 0.55 ± 0.2∗ 0.04 ± 0.1 −0.13 ± 0.2

(N = 8) (N = 19) (N = 21)
SY N/A 0.56 ± 0.1∗∗ 0.64 ± 0.1∗∗

(N = 22) (N = 32)
ASY N/A 0.31 ± 0.1∗∗ 0.26 ± 0.2

(N = 29) (N = 30)
All categories 0.65 ± 0.1∗∗ 0.11 ± 0.09 0.50 ± 0.08∗∗

combined (N = 24) (N = 66) (N = 100)
∗Significant at the 0.05 level.
∗∗Significant at the 0.01 level.

r = 0.23 ± 0.09 for females, r = 0.17 ± 0.11 for
males; Potti 2007) or Great Tits (same spring:
r = 0.32 ± 0.15; same year: r = 0.24 ± 0.11;
Norte et al. 2008b). One possible explana-
tion for such differences among species is that
body size may affect hematocrits because larger
species, with greater blood volume, may be
better able to mediate variation in hematocrits.
Gray Catbirds are approximately twice as large
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Fig. 2. Mean monthly body mass for Gray Catbirds captured in or near Lackawanna State Park, Pennsylvania.
Bars represent 95% confidence limits, numbers represent sample size, and letters indicate means that are
significantly different (Tukey post-hoc test).

(21–24 cm, 23–56 g; Cimprich and Moore
1995) as Pied Flycatchers (13 cm, 10–15 g;
Robinson 2005).

One possible explanation for the repeatabil-
ity in hematocrits across years in our study
is that we captured most Gray Catbirds soon
after completing migration and arriving on the
breeding grounds. Individuals may attain max-
imum hematocrits during migration (Bairlein
and Totzke 1992, Prats et al. 1996), and hema-
tocrits have also been found to be highest in
April and early May for wild and captive White-
crowned Sparrows (Zonotrichia leucophrys, de-
Graw et al. 1979) and in April for captive Amer-
ican Kestrels (Falco sparverius, Rehder and Bird
1983). White-crowned Sparrows and American
Kestrels are migratory, but Great Tits, a non-
migratory species, also exhibited the greatest
repeatability of hematocrits in the spring (April–
early July, Norte et al. 2008b). Thus, hematocrits
appear to be highest and most repeatable early
in the breeding season, regardless of migratory
status.

The mass and hematocrits of female Gray
Catbirds in our study varied more within a year
than did the mass and hematocrits of males, with
values for females repeatable at only one time

scale and male hematocrits repeatable for two
time scales and male mass for all three time pe-
riods examined. We found similar results for SY
versus ASY birds, with the hematocrits of ASY
birds not repeatable and mass exhibiting low
repeatability between months and, for SY birds,
mass repeatable across months and captures and
hematocrit repeatable across captures. For Pied
Flycatchers, hematocrits of males and females
did not differ, and the repeatability of hematocrit
was similarly low for males and females (Potti
2007). Also, hematocrit did not differ with age,
but repeatability was not examined separately
for the two age classes (Potti 2007). The greater
variability for female Gray Catbirds (hence lower
repeatability) in our study may be due to the
physiological changes associated with egg laying
(see Discussion below). However, reasons for
the greater repeatability of the hematocrits of
younger (SY) catbirds, given that both SY and
ASY birds are capable of breeding, are unclear.

The lack of repeatability of hematocrits and
mass of Gray Catbirds at an intermediate time
scale (across months) indicates that within-
individual variation is greater than among-
individual variation at this time scale. This sug-
gests that variation in hematocrit across months
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has a large environmental component, likely due
to seasonal changes in the avian life cycle such
as the onset of breeding. For example, several
investigators have reported that the hematocrits
of female birds are lower during egg laying
than at other times during the breeding sea-
son (Silverin 1981, Jones 1983, Morton 1994,
Williams et al. 2004, Wagner et al. 2008), and
male American Kestrels had higher hematocrits
during some stages of reproduction (i.e., cop-
ulation and laying first clutches) than others
(Rehder et al. 1982). Seasonal variation in am-
bient temperature may also reduce repeatability
because hematocrits are known to vary with
temperature (deGraw et al. 1979, Rehder et al.
1982). Most studies where seasonal changes have
been examined have revealed that hematocrits
were higher during the winter and spring than
during summer (reviewed by Fair et al. (2007)).

Despite the consistency in hematocrit values
that we recorded and the repeatability of body
mass at most time scales, hematocrit was unre-
lated to body condition (a principle component
of wing, tail, and tarsus regressed on mass) in our
population (Hatch et al., in press) and negatively
related to body mass. This may be due to the
greater influence of short-term environmental
variation on body condition than hematocrits
(Ots et al. 1998, Hõrak et al. 2002). Other
studies, primarily involving nestlings, have also
revealed no relationship between either body
condition and hematocrits (Dawson and Bor-
tolotti 1997, Villegas et al. 2002, Cuervo et al.
2007) or nutritional condition and hematocrits
(Amat et al. 2009). However, hematocrit values
may be related to, and may influence, other
measures of fitness. For example, we found that
the hematocrits of earlier-arriving Gray Catbirds
were higher than those of catbirds arriving later
in the spring (Hatch et al., in press), and,
in several other species of birds, early arrival
is associated with greater reproductive success
(e.g., Lundberg and Alatalo 1992, Møller 1994,
Forstmeier 2002, Smith and Moore 2005).

Our results indicate that hematocrits of Gray
Catbirds can be compared on an annual basis
if individuals are sampled early in the season,
but that within-year comparisons should not be
made without accounting for seasonal variation
(particularly for females). Thus, before being
used as a measure of physiological condition or
as a proxy for other measures of fitness in other
species of birds, we recommend that investiga-

tors determine the extent to which hematocrits
vary among individuals and over time.

ACKNOWLEDGMENTS

Funding was provided by Penn State Worthington
Scranton, The Pennsylvania Department of Conserva-
tion, Natural Resources Wild Resource Conservation
Program, and the University of Scranton. We thank
A. Bushko and Lackawanna State Park for permission
to capture birds on their properties. We also thank J.
Owen for help with blood-sampling protocols and the
many field assistants along with numerous undergraduates
from the University of Scranton who helped with field
work. Comments from J. Potti, G. Ritchison, and two
anonymous reviewers greatly improved the manuscript.
Procedures conformed with the Ornithological Council
Guidelines to the Use of Wild Birds in Research (Gaunt
and Oring 1999) and were conducted under IACUC#
21302 from the Pennsylvania State University.

LITERATURE CITED

AMAT, J. A., M. A. RENDÓN, J. M. RAMÍREZ, F. HOR-
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