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Abstract.-We examined Eastern Bluebird (Sialia sialis) nest box use at the
Tishorningo National Wildlife Refuge from 1999 to 2002. In 1999,25 nest boxes
were installed and monitored for use by all species during 2 nesting seasons. In
2001, we installed 20 additional nest boxes and monitored all 45 nest boxes for 2
mom nesting seasons. We monitored 178bluebird nests with a mean clutch size of
4.5 eggs. Among successful nests, mean number of eggs hatchedlnest (3.9) and
number of fledglings/ nest (3.9)were the same. Brood reduction appeared to occur
during incubation. We documented several i n t e r s p d c competitors for bluebird
boxes and 7 brood parasitism events by Brown-headed Cowbirds (Molothrus at&.
Predators accounted for the loss of 150 bluebird eggs and 71 nestlings. Although
nest losses occurred, Eastern Bluebird boxes were highly successful at Tishomingo
National Wildlife Refuge.
Introduction.- Conservation biologists and concerned citizens frequently erect
nest boxes for Eastern Bluebirds (Sialia sialis) (Kibler 1969, Pinkowski 1979). In the
United States, Eastern Bluebirds experienced annual population declines of 4.7%
from 1%6 to 1979 (Sauer et al. 2003). For the same time period in Oklahoma,
Eastern Bluebirds experienced a more severe decline of 7.2% annually (Sauer et al.
2003). However, from 1980 to 2002, Eastern Bluebird populations inmased 4.1%
annually in Oklahoma and 3.2%)annually throughout the United States (Sauer et
al. 2003).
Eastern Bluebirds typically lay 4-5 eggs (range 2-7) and have a 12-14-day
incubation period (Peakall 1970, Pinkowski 1977). Bluebird ducks typically fledge
after 15-20 days (Pinkowski 1977, Carter 1981). Although Eastern Bluebirds
readily use nest boxes, this does not guarantee successful reproduction.
Numerous species compete for and usurp bluebird nest boxes (Pinkowski 1975).
Cmlina Chickadee (Poecile carolinensis), European Starling (Sturnus vulgaris),
House Sparrow (Passer domesticus), Prothonotary Warbler (Protonufaria citrea), and
Tufted Xtmouse (Baeolophus bicold can fledge young from bluebird boxes. Other
interspeafic compebtors include ants, bats, snakes, and wasps. Predators such as
rat snakes (Elaphe spp.), raccoons (Procyon lotor), s q u i d , and ants have
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successfully depredated bluebird nests (Hurst 1980, de Waard 1984). Further,
several researchers have documented Brown-headed Cowbirds (Molothrus ater) as
brood parasites of bluebird nests (Pinkowski 1974, Woodward and Woodward
1979, Carter 1981).
Our objectives were to install nest boxes for Eastern Bluebirds and examine
nest-box use, reproductive success, interspecific competition, and nest loss at
'Iishomingo National W~ldlifeRefuge, Oklahoma.
Methods.-Research was conducted at the Tshomingo National Wildlife
Refuge (NWR) in Johnston County in south-central Oklahoma from 1999 to 2002.
Eshomingo NWR (6,700ha) consists of bottomland and upland hardwood stands,
plum thickets, grasslands, row crops, and standing water. In March 1999.25 nest
boxes were installed on wooden fence posts along primary roads in the
headquarters area at Kshomingo NWR. Nest boxes were placed adjacent to grassy,
wooded, field, and shrub habitats with numerous perch opportunities (Pinkowski
1978, Parren 1994). Metal shields were attached as predator detemnts (Neal et al.
1998). In March 2001,20 additional nest boxes, with electrical fencing for predator
deterrents, were installed along primary roads and adjacent to row-crop fields
planted for migratory waterfowl.
Nest boxes wew monitored weekly during the 1999-2002 breeding seasons
(late March-early August). We recorded clutch size, number of eggs hatched,
number of fledglings for all species using nest boxes, nest losses, and Brownheaded Cowbird brood parasitism. Analysis of variance models were used to test
for differences in mean clutch size, mean number of eggs hatched, and mean
number of bluebirds fledged among years ( S M 1999). If a significant main effect
was detected, a least significant difference (LSD) means separation test was
performed to examine differencesamong years (SPSS 1999).
Resulk-We monitod 178nests with complete clutches in 1999-2002. The=
was no diffeence in bluebird mean clutch size among years (F3, 174 = 0.15, P = 0.93;
Table 1).Of the 178 nests, 131hatched 2 1 egg. We d e t d an overall difference in
the mean number of eggs hatchedlnest among years (F3, 127 = 4.3, P = 0.006). An
LSD means separation p d u r e determined that the mean numbers of bluebirds
hatchedlnest in 2001 and 2002 were greater than mean numbers hatchedlnest in
1999 and 2000 (Table 1). However, no differences were detected in the mean
numbers of bluebirds hatched/nest in 2001 and 2002 or 1999 and 2000 (P > 0.05;
Table 1). Of 131nests in which eggs hatched, 104 fledged >1 young. Mean number
of bluebirds fledgedlnest differed among years (F3, la,= 3.7, P = 0.014), with more
fledged /nest in 2001 and 2002 than in 1999 and 2000 (Table 1). No differences in
the mean numbers of bluebirds fledged / nest were detected between 1999and 2000
or between 2001 and 2002 (P > 0.05; Table 1).
We observed large numbers of unhatched eggs annually which differed
among years (F3, 101 = 6.98,P c 0.001; Fig. 1). Mom unhatched eggs were detected
in 1999 and MOO than in 2001 and 202 (P < 0.05). Wi? observed 15 nestlings that
hatched but died during the nestling stage (Fig. 1).
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Table 1. Number of nests, mean clutch size, and standard error (SE) of Eastern
Bluebird nests at Ttshorningo National Wildlife Refuge, 1999-202.
Variable /Year
Clutch Size
1999
2000
2001
2002
No. Hatched
1999
2000
2001
2002
No. Fledged
1999
2000
2001
2002

Fig. 1. Annual
number of unhatched
Eastern Bluebird eggs
and nestling mortality
in nest boxes at
Tihorningo National
Wildlife Refuge,
Oklahoma, 1999-2002.

No. of Nests

Mean Clutch Size

SE

31
47
43
57

4.5
4.4
4.5
4.5

0.13
0.16
0.15
0.12

22
32
35
42

3.4
3.5
4.3
4.1

0.25
0.25
0.17
0.17

16
24
33
31

3.4
3.5
4.1
4.3

0.29
0.26
0.19
0.19

351

We observed nest-box use by avian and non-avian compebtors. Carolina
Chickadee, Carolina Wren (Thryothaus ludovicianus), Tufted litmouse, and Whitebrrasted Nuthatch (Sitta carolinensis)nested successfully in bluebird boxes (Table2).
Prothonotary Warblers used nest boxes but failed to fledge any young. In 2000, we
observed 2 big brown bats (Eptesicus fuscus) roosting in nest boxes and 1 whitefooted mouse ( P m w leucopus) nest was removed from a nest box. We
observed several species of ants and wasps in nest boxes, which appeami to
peclude use by bluebirds during the breeding season.
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Table 2 Nest characteristics of non-target bird species using nest boxes at
Xshomingo National Wddlife Refuge, Oklahoma, 19!99-2002.
No.

Clutch Size

NO.Hatched

No. Fledged

Carolina Chickadee

8

6.0

5.3

5.3

Carolina Wren

1

5.0

5.0

5.0

Tufted Titmouse

1

5.0

5.0

5.0

White-breasted Nuthatch

1

5.0

5.0

5.0

Species

Eastern Bluebirds occasionally incubated Brownheaded Cowbird eggs. On all
3 occasions, bluebirds incubated and fledged an en ti^ clutch of cowbird nestlings,
and no bluebird eggs were observed. In 1999, bluebirds fledged 4 and 5 cowbirds
from 2 boxes. In 2000, bluebirds in one of the same boxes raised a clutch of 5
cowbirds. We observed 4 other incidents of cowbird parasitism; however, the host
bluebirds abandoned the parasitized nests. No cowbird parasitism was observed
in 2001 and 2002.
We documented numerous predation events that resulted in the loss of 150
bluebird eggs and 71 nestlings (Table 3). Flooded nests accounted for 8%of eggs
lost. F ~ Rants accounted for 9% of bluebird eggs lost. Similarly, 9% of bluebird eggs
were lost to snakes, which we observed in the box and presumably consumed the
eggs. The remaining 74%of bluebird eggs disappeared from the nest with little
evidence. Fire ants accounted for 20% of the nestlings lost, whereas
disappeared without evidencv of predation.
Discussion.-Eastern Bluebirds at Tishomingo N W R produced 178 nests with
complete clutches in 1999-2002. We did not detect annual differencesin clutch size,
and mean clutch sue (4.5 eggslnest) was comparable to the 4.6 eggsfnest for
bluebirds in Pontotoc County, Oklahoma (Carter 1981). Similarly Crowell and
Rothstein (1981) observed 4.31 eggs / nest in Oklahoma and Arkansas, and Pink-

Table 3. Causes of Eastern Bluebird egg and nestling mortality at Tihorningo
National Wildlife Refuge, Oklahoma, 199%2002.
Mortality Factor
Mators
Unknown
Snakes

Ants
Flooded
Total

No. of Eggs

No. of Nestlings Lost

111
14
13
12
150

57
0
14
0
71
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owski (1977) reported 4.5 eggslnest in Michigan. Although clutch size was
consistent among years, the number of eggs hatchedlnest varied among years.
Approximately 1 more egg hatchedlnest in 2001 and 2002 than in 1999 and 2000
(Table 1). Although the cause of the increase in hatched eggslnest in 2001 and 2002
was not clear, an increase in the number of nest boxes (i.e., greater sample size) may
have influenced this result. In all cases, however, the number of eggs hatched /nest
was less than the number of eggs laid. Thus, brood reduction appeared to ormr
during the incubation phase of the bluebird nesting cycle. Similar to our ~ u l t s ,
Carter (1981)observed a 25% loss of bluebird eggs during incubation in Oklahoma,
which supports the hypothesis that brood reduction occurs during incubation.
We observed a relatively large number of unhatched bluebird eggs, both
individually and entire clutches (Fig. 1). Unhatched eggs are fairly common in
bluebirds and frequently are due to infertility. Zeleny (1981)estimated that 1045%
of bluebird eggs were infertile with different responses by the bluebird parents (i.e.,
abandonment or prolonged futile incubation). Bluebirds at Xshomingo NWR left
unhatched eggs in the nest until hatching was complete (Pinkowski 1975) rather
than mmoving them during the nesting cycle (Zeleny 1981).
Mean number of fledglings/nest paralleled the mean number of eggs
hatchedlnest within years. However, we observed approximately 1 mow
fledgling/nest in 2001 and 2002 than in 1999 and 2000. Regardless of year,
bluebirds at Kshomingo NWR fledged more younglnest than the 2.62
fledglings/nest reported by Carter (1981). Although number of nest boxes
increased in 2001 and 2002, mean clutch sizes were similar among years which
suggested that other factors improved fledging rates in 2001 and 2002. Possible
explanations may include more experienced adults, suitable abiotic factors, or
increased food supply (Pinkowski 1977,1979).
Although rat snakes and fire ants have been well documented as predators of
bluebird nestlings (Laskey 1946, Hurst 1980), few observations of egg loss have
been attributed to these pmlators (Carter 1981). We were unable to determine the
cause of 74% of the eggs lost, although we suspect black rat snakes as the primary
predator because nests appeared to be intact but eggs were missing (Wood 1996).
Hurst (1980) documented fire ant predation of bluebird nestlings. In our study
20% of nestlings were lost to fire ant predation. We were unable to conclusively
of nestlings lost, but rat
determine which predators consumed the other WO
snakes were the most likely candidate because the nestlings disappeared and nests
were physically intact (Pinkowski 1975, Carter 1981). Snake guards, which
consisted of metal plates wrapped around the nest box posts, appeared to have
limited effectiveness because snakes were able to overcome them to consume
bluebird nestlings.
From 1999 to 2002, we obsewed relatively mfquent usurpation of bluebird
boxes by interspecrfic competitors. We docurnenkd 11 nests: 8 nests of Carolina
Chickadees and 1 each of Carolina WEXI, Tufted Xtmouse, and Whitebreasted
Nuthatch (Table 2). Erecting boxes in Max&, after many resident secondary cavity
nesters had established territories or nests, a p p e d to limit nest-box usurpation
and allowed bluebirds to nest with minimal competition from residents. In
Oklahoma, Carter (1981) documented bluebird nest-box use by Carolina
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Chickadees, Carolina W m , House Sparrows, and Tufted litmice, but not Whitebreasted Nuthatches. We did not observe any House Sparrows using bluebird
boxes at lishomingo NWR. We observed bats roosting in bluebird boxes on 2
occasions. Similarly Davis and Dourson (1991)observed a little brown bat (Myotis
lucifuXus) roosting in a bluebird box. We observed 1 white-footed mouse nest in
bluebird boxes, which has previously been documented in Ohio (Hsu and
Humpert 1988).
We observed 7 occurrences of Brown-headed Cowbird parasitism of bluebird
nests. Parasitized bluebird boxes wew adjacent to rowlrop fields, which may
have facilitated access to bluebird boxes. However, most bluebird boxes were
adjacent to or near row-crop fields and were not parasitized. In 3 cases, multiple
cowbird eggs were laid in a nest, and no bluebird eggs were recorded. Multiple
cowbird eggs in nests are not uncommon, but few records exist for bluebirds
incubating cowbird eggs exclusively. However, cowbirds rarely parasitize a nest
before egg laying by the host; thus, the female cowbird may have removed bluebird
eggs during laying (Wood and Bollinger 1997). Carter (1981) documented 12 cases
of cowbird parasitism in Pontotoc County; however, he wported that cowbird
parasitism had minimal impacts on overall bluebird nesting success. Similar to our
r e d ts, Woodward and Woodward (1979) reported that 16%of bluebird nests were
parasitized by cowbirds in Virginia. Of successfully parasitized bluebirds nests,
only cowbirds fledged and bluebird nestlings died from starvation.
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Bunting, Lark (Calamospiza melanocorys):4
Chickadee, Blackcapped (Poecile atrimpillus): 12
Carolina (Poecile carolinensis):13,15-18
Cowbird, Brown-headed (Molothrus ater): 13,16,18
Dove, Eurasian Collared- (Sh.eptope1ia d e m t o ) : 11
Mourning (Zenaida macroura): 4
White-winged (Zenaida usiaticu): 11
Duck, Black-bellied Whistling- (Dendmygna autumnalis): 10,ll
Mottled (Anasfilvigulu): 11
Goldeneye, Barrow's (Buqhala clangula): 12
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Junco,Dark-eyed (junco hyemalk): 4
Yellow-eyed (junco phaeonotus): 4
Kite, Swallow-tailed (Elanoidesfb$catus): 12
Kittiwake, Black-legged (Rissa tridActyla):11
Loon, Pacific (Gavia pm$ica): 10
Red-throated (Gauia stellafa):10
Nutcracker, Clark's (Nucifaga columbiana):12
Nuthatch, White-breasted (Sitta carolinensis): 15-1 6,18
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Plover, Wilson's (CharadriuszuiIsonia): 9,11
Pyrrhuloxia (Cardinalissinuatus): 12
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Scoter, Black (Melanitfa nigra): 12
Sparrow, Blackchinned (Spizlla atmgularis):3-6
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Violet-green (Tachycineta thalassina): 12
Swan, Mute (Cygnus olor): 11
Trumpeter (Cygnus buccinator):11
litmouse, Tufted (Baeolophus bicolor):13,15-16,18
Warbler, Cape May (Dendroica tigrim): 12
Golden-winged (Vmiuora chrysoptera): 12
Prothonotary (Protonotaria citrea): 13,15
Swainson's (Lirnnothlypis swainsonii): 1-3
Townsend's (Dendrocia townsendi):12
Wren,Carolina ~Thryothonrsludovicianus): 15-16,18
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