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ABSTRACT

A lack of published morphometric data exists for Tree
Swallows (Tachycineta bicolor) in the southern portion
of this species 'range (Winkler et al. 2011). We collected
wing length, tail length, and body mass data from 185
Tree Swallows in southeastern Oklahoma during the
2009-2012 breeding seasons. Males had significantly
longer mean wing and tail length, but females had
greater body mass than males. After-second-year fe-
males had significantly longer mean wing and tail length
and greater body mass than second-year females.
Between-year differences occurred within sexes for wing
length, tail length, and body mass. Tree Swallows in
southeastern Oklahoma demonstrated smaller wing, tail,
and body mass measurements than Tree Swallows in
higher latitudes. Male Tree Swallows followed
Bergmann's Rule, but females did not.

INTRODUCTION

n the last 30 years, Tree Swallows
Ig( Tachycineta bicolor) have expanded their geo-

raphic distribution southward, including south-
eastern Oklahoma (Neeld 1993, Long and Long
1997, Heck 1999, McCurdy 2007). The Breeding
Bird Survey suggests that Tree Swallow populations
in North America are increasing by 0.33% per year
since 2002 (Sauer et al. 2014).

Published Tree Swallow morphometric data have
been collected primarily in northern, eastern, and
western North America. Wing length, tail length,
and body mass data have been published from
Ontario (Dunn et al. 1994, Rendell and Robertson
1994, Kempenaers et al. 1999), New York (McCarty
2001), Alberta (Dunn and Hannon 1992), British
Columbia (Burness et al. 1998), and Wyoming
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(Johnson et al. 2003). However, a paucity of mor-
phometric data exists for Tree Swallows in the
southern portion of this species’ range.

Males tend to have longer wings, tails and greater
body mass than females (Pyle 1997, Kempenaers
etal. 1999, Burness et al. 2001). Oberholser (1974)
reported that adult males have a mean wing length
of 119.4 mm (range 115.1 - 124.5 mm) compared
to adult female mean wing length of 115.3 mm
(range 110.0 - 119.9 mm). However, adult male
mean tail length of 55.6 mm (range 53.1 - 57.9 mm)
and female mean tail length of 55.1 mm (range 53.1
- 57.9 mm) were similar. Second-year females tend
to be smaller than after-second-year females
(Burness et al. 2001).

Oberholser (1974) suggested that a subspecies for
Tree Swallows (T. b. vespertina) may occur along
the Pacific Coast, but Browning (1978) documented
only slight wing chord length variation among Tree
Swallows on the West Coast. Several studies have
documented similar wing length, tail length, and
body mass for Tree Swallows (Dunn et al. 1994,
Wiggins and Pért 1995, Kempenaers et al. 1999,
Burness et al. 2001) supporting the conclusion that
Tree Swallows lack subspecies. However, no pub-
lished morphometric data exists for Tree Swallows
in the southern portion of the species’ range for com-
parisons to northern Tree Swallows. If differences
occur along a latitudinal gradient, then Bergmann’s
Rule may apply to Tree Swallows.

Bergmann’s Rule states that a species’ body mass
should increase with an increase in latitudinal dis-
tribution (James 1970). Namely, individuals with
higher body mass in northern latitudes tolerate
colder annual temperatures better than smaller in-
dividuals in southern latitudes. Other North Ameri-
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can cavity nesters, like Downy Woodpeckers
(Picoides pubescens) and-Carolina Chickadees
(Poecile carolinensis), adhere to Bergmann’s rule
(James 1970). Tree Swallows in Oklahoma and
other states at the southern extent of the species’
range may be smaller in body mass than individu-
als at northern latitudes as an adaptation to warmer
climate.

Our research objectives were to determine if differ-
ences in morphometrics occur between male and
female Tree Swallows as well as between second-
year and after-second-year females. We also sought
to determine if Tree Swallows follow Bergmann’s
Rules.

METHODS

Tree Swallow morphometric data were collected at
the Red Slough Wildlife Management Area,
McCurtain County, OK (33°44' 58.92" N,
94°39'14.32" W) during the 2009-2012 breeding
seasons. Adult Tree Swallows were captured from
22 Apr-7 Jul 2009, 23 Apr-13 Jul 2010, 22 Apr-4
Jul 2011, and 21 Apr-2 Jul 2012. Tree Swallows
were target captured at the nest box (Wood and
Reasor 2006). To guarantee we sampled summer
residents nesting at Red Slough, we captured and
measured only individuals holding territory or in-
cubating eggs (Wood 2007). We measured un-flat-
tened wing chord on the right wing and length of
the longest retrix to the nearest one mm with a stan-
dard wing rule (Pyle 1997). We used a 100-g Pesola
spring scale to measure body mass to the nearest 1
g. Males were only aged to after-hatch-year (AHY);
whereas, females were aged to second year (SY) or
after second year (ASY), based on plumage char-
acteristics (Pyle 1997).

IBM SPSS Statistics 20 software was used for all
statistical analyses, with an a priori alpha level of
0.05. Shapiro-Wilk tests for normality indicated
morphometric data were normally distributed; thus,
we used independent samples t-tests to test indi-
vidual null hypotheses that wing length, tail length,
and body mass were not different between males
and females, as well as between SY and ASY fe-
males. One-way ANOVAs were used to test be-
tween-year differences in morphometrics for both
male and female Tree Swallows. When a signifi-
cant difference among years was detected, post hoc
LSD tests were used to compare between individual
year combinations.

RESULTS

Males versus females — Males had significantly
longer mean wing length than females (t =-13.43,
df=184,P<0.01; Table 1). Males also had signifi-
cantly longer tail length than females (t=-7.3, df =
184, P < 0.01; Table 1). However, females had
greater mean body mass than males (t = 3.26, df =
183, P=0.001; Table 1).

ASYversus SY females — ASY females had signifi-
cantly longer mean wing length than SY females (t
=-2.83,df=118,P=0.005; Table 1). ASY females
also had significantly longer mean tail length than
SY females (t=-3.59, df=118,P<0.001; Table 1).
ASY females had greater mean body mass than SY
females (t =-3.09, df = 118, P = 0.003; Table 1).

Between years by sex — Mean wing length was sig-
nificantly different between years for adult male
Tree Swallows (F, ,, = 5.9, P = 0.001), with males
in 2009 showing shorter wing lengths than in 2010

Table 1. Tree Swallow morphometric data from the Red Slough Wildlife Management Area, Oklahoma 2009-2012.
Values given are mean £ SD range.
Sex Age (n) Wing (mm) Tail (mm) Mass (g)
Male AHY (65) 1169 +£2.6, 112 - 123 |55.3+£2.0,50 - 60 199+ 1.4,16-24
Female SY (50) 1107+ 26,103 - 116 |52.6+ 18,48 - 57 202+22,15-24
Female ASY (70) 1120 £2.5,106 - 116 [53.7+ 1.5, 51 - 57 21.3+1.9,15-25
Female Combined (120) 111.5+26,103-116 |[533+1.7,48-57 209+2.1,15-25
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(P <0.001) and 2011 (P = 0.007), but not different
than 2012 (P> 0.05, Table 2). No significant differ-
ences occurred for mean tail length (F, , =2.35, P
= 0.08) and body mass (F, ; = 1.02, P = 0.39) be-
tween years for male Tree Swallows (Table 2). For
SY females, mean body mass exhibited between-
year differences (F, ,, = 3.98, P = 0.013), with fe-
males in 2010 significantly lighter than females in
2012 (P=0.001, Table 2); whereas no other pairwise
comparisons were significantly different. No sig-
nificant differences were detected for mean wing
length (F, ,,=0.70, P=0.56) and tail length (F, , =
2.38, P = 0.082) for SY females (Table 2). Mean
wing length was significantly different between
years(F, = 3.03,P=0.035) for ASY females, with
significantly shorter wing lengths in 2009 than in
2010 (P=0.011) and 2012 (P =0.005, Table 2). No
significant differences were detected between years
for mean tail length in ASY females (F, = 0.643,
P = 0.59; Table 2). Mean body mass was signifi-
cantly different between years (F, = 5.1, P =
0.003); ASY females had lower body mass in 2009
than 2012 (P = 0.008), similarly ASY females in
2010 had lower body mass than in 2012 (P = 0.002,
Table 2). No other significant pairwise comparisons
were significant.

DISCUSSION

Male wing length — In southeastern Oklahoma, male
mean wing length varied between years; however,
the overall mean (116.9 mm) and range (112 - 123
mm) were similar to previous studies. Notably, Tree
Swallow mean wing length in Oklahoma was at the
lower end of the range of mean wing lengths re-
ported in other studies. In Ontario, Kempenaers et
al. (1999) reported a mean wing length of 119.7 -
120.2 mm and Rendell and Robertson (1994) re-
ported male mean wing lengths of 119.3 - 119.7
mm. Dunn et al. (1994) documented male mean
wing length of 120.2 mm (range 116 - 124) in
Ontario and Wiggins and Pért (1995) reported male
mean wing length of 121.1 mm (range 117 - 127) in
British Columbia. Similarly, in Wyoming, Johnson
et al. (2003) documented male mean wing length
of 122 mm. Our estimates most closely relate to
mean wing length (115.9 - 117.3 mm) of Tree Swal-
lows in Michigan (Lombardo and Thorpe 2000).

Female wing length — Some variation existed be-
tween years for female Tree Swallows; however,
female mean wing length (111.5 mm) and range
(103 - 116 mm) in southeastern Oklahoma were the
lowest values compared to reported means

Table 2. Tree Swallow morphometric data by gender and year from the Red Slough Wildlife M anagement
Area, Oklahoma 2009-2012. Values given are mean + SD, range.

Sex Age Year (n) Wing (mm) Tail (mm) Mass (g)

Males AHY 2009 (16) 115.0+ 1.8, 112 - 121 |551+1.4,52-57 |202+1.4,18-23
2010 (22) 118.1 = 2.0, 115 - 123 |/55.9 109, 55= 59 195+ 1.7, 16 - 24

2011 (11) 1175+ 29,113 - 122 |558+2.6,52-60 |[202+1.0,19-22

2012 (16) 116.6 £ 2.5, 112 - 120 |54.4+2.4,50 - 59 19.8 £ 0.6, 18 - 21

Females SY 2009 (14) 110.7 £ 3.3, 103 - 116 53.1 £1.6, 51 - 57 20.1 + 1.8, 15- 22
2010 (13) 111.5 £ 2.5, 106 - 115 53.4 +1.6, 50 - 55 18.8 +2.8,15-23

2011 (8) 109.8 + 2.3, 107 - 115 52.1 £2.3,48 - 55 20.1 £0.9,19-22

2012 (15) 110.5+ 1.9, 107 - 114 51.8+1.5,48-54 |21.5+1.6,19-24

ASY 2009 (8) 109.8 £ 2.3, 106 - 113 53.6 +1.5,51-56 |20.1+1.2,18-22

2010 (12) 112.6 £1.9, 110 - 115 53.3+14,51-56 |20.1+24,15-25

2011 (13) 111.8 £ 3.2, 106 - 116 542+ 1.3,:52=57 |21.3:% 1.4, 18 =23

2012 (37) 1124+ 2.1, 106 - 116 53.7+1.5,51-57 |220+1.7,18-25
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and ranges of female Tree Swallows in other re-
gions. In British Columbia, Wiggins and Pirt (1995)
reported mean female wing length of 115.8 mm
(range 110 - 121 mm). In Ontario, Kempenaers et
al. (1999) documented female mean wing lengths
of 115.9 - 116.8 mm, which was similar to Rendell
and Robertson (1994) that reported female mean
wing lengths of 115 - 116.2 mm. Similarly, Johnson
et al. (2003) documented female mean wing length
of 115 - 118 mm in Wyoming. ASY females had
longer mean wing length (112.0, range 106 - 116)
than SY females (110.7, range 103 - 116) in south-
eastern Oklahoma. Winkler et al. (2011) also re-
ported that SY females have shorter wings than ASY
females.

Male versus female wing length — Males had sig-
nificantly longer mean wing length (116.9, range
112 - 123 mm) than females (111.5, range 103 -
116) in southeastern Oklahoma. This result concurs
with other published estimates in the literature. In
Wyoming, Johnson et al. (2003) reported that adult
males had significantly greater mean wing length
(122 versus 118 mm) than adult female Tree Swal-
lows. Similar significant differences were docu-
mented by Rendell and Robertson (1994),
Kempenaers et al. (1999), and Wiggins and Péart
(1995).

Male tail length — Male Tree Swallows in south-
castern Oklahoma demonstrated shorter mean tail
length (55.3, range 50 - 60 mm) than Tree Swal-
lows in other studies. In Ontario, Dunn et al. (1994)
reported male mean tail length of 57.5 - 57.8 mm
(range 53 - 62 mm) which is larger, although simi-
lar to swallow data in southeastern Oklahoma. How-
ever, in Ontario, Kempenaers et al. (1999) reported
significantly longer mean tail lengths (62.0 - 62.1
mm) for male Tree Swallows.

Female tail length — Female mean tail length (53.3)
and range (48 - 57) in southeastern Oklahoma were
shorter than other previously reported estimates.
Kempenaers et al. (1999) reported female mean tail
lengths of 59.4 - 59.6 in Ontario, which are signifi-
cantly longer than swallow estimates in southeast-
ern Oklahoma. ASY females had longer mean tail
length (53.7, range 51 - 57) than SY females (52.6,
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range 48 - 57) in southeastern Oklahoma. We were
unable to find previously published estimates for
female tail length with regard to age class.

Male versus female tail length — Male mean tail
length (55.3, range 50 - 60 mm) in southeastern
Oklahoma was 2 mm longer than adult females
(53.3, range 48 - 57 mm). In Ontario, Kempenaers
etal. (1999) documented a similar difference; adult
male mean tail length (62 mm) was 3 mm longer
than in adult females (59 mm). Although there ap-
pear to be differences between southern and north-
ern subpopulations of Tree Swallows, they exhibit
the same proportional differences among age and
gender as in other studies.

Male body mass — Mean body mass (19.9, range 16
- 24 g) of adult male Tree Swallows in southeastern
Oklahoma was smaller than in most previously pub-
lished studies. Three studies from Ontario all re-
ported similar mean body mass estimates.
Kempenaers et al. (1999) reported mean body mass
of 21 - 21.4 g, which was similar to Rendell and
Robertson’s (1994) estimate of 21.1 g for adult male
body mass. Dunn et al. (1994) reported male mean
body mass of 21.5 g (range 20 - 23 g). In British
Columbia, male mean body mass was less than our
estimates from southeastern Oklahoma; however,
Tree Swallows in their study were measured under
laboratory conditions, not in the field (Burness et
al. 1998).

Female body mass — In southeastern Oklahoma,
adult female mean body mass (20.9, range 15 - 25
g) was also smaller than in previously published
studies. In Ontario, Rendell and Robertson (1994)
reported mean female body mass 0f20.8 - 21 g and
Kempenaers et al. (1999) reported a similar mean
female body mass of 20.5 - 21 g. In Alberta, Dunn
and Hannon (1992) reported the heaviest mean fe-
male body mass of 21.1 g, although all three stud-
ies have consistent estimates. Burness et al. (1998)
documented female mean body mass of 16.95 g,
although this was collected under laboratory con-
ditions, so we are hesitant to compare these esti-
mates directly with field data. ASY females in south-
eastern Oklahoma averaged 1 g heavier than SY
females (21.3 and 20.2 g, respectively). Winkler et
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al. (2011) reported a similar relationship among fe-
males of different age classes in Tree Swallows.

Male versus female body mass — Adult female mean
body mass (20.9 g) was greater than male mean body
mass (19.9 g) in southeastern Oklahoma. Although
Burness et al. (1998) reported lower body mass for
females than males, other studies report similar
mean body masses for females (20.5 - 21.1 g) and
males (21 - 21.5 g; Dunn and Hannon 1992, Dunn
et al. 1994, Rendell and Robertson 1994,
Kempenaers et al. 1999). However, since we mea-
sured body mass of females at the onset of incuba-
tion (i.e., post-egg laying), this may explain why
female body mass estimates were greater than males.
Ovary size increases during the breeding season
which would cause them to be heavier than during
the non-breeding season.

Bergmann’s Rule — Bergmann’s Rule states that,
within a species, body mass should increase with
an increase in latitude. Male Tree Swallow mean
body mass (19.9 g) averaged 1 - 1.5 g lighter than
Tree Swallows in Ontario (21 - 25 g; Dunn et al.
1994, Rendell and Robertson 1994, Kempenaers et
al. 1999). Our data suggests that male Tree Swal-
lows follow Bergmann’s Rule. In southeastern Okla-
homa, female Tree Swallow mean body mass (20.9
g) was nearly identical to female Tree Swallows in
northern latitudes (20.5 - 21.1 g; Dunn and Hannon
1992, Rendell and Robertson 1994, Kempenaers et
al. 1999). This indicates female Tree Swallows do
not follow Bergmann’s Rule; however, some sec-
ondary cavity nesters follow Bergmann’s Rule.
Wood (2007) documented that male and female
Prothonotary Warblers (Profonotaria citrea) follow
Bergmann’s Rule.
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