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ABSTRACT.—Nests are an important component of parental effort in birds. From 1988 to
1990, I compared the architecture of nests built by subadult and adult female Tree Swallows
(Tachycineta bicolor) in boxes in southeastern Michigan in order to determine if there were
age-related differences in nest architecture and if these differences were associated with age-
related differences in reproductive performance. Nests built by Tree Swallows were composed
of a mat of dry grasses and a nest cup lined with feathers. On average, nest material filled
approximately 30% of a nest box. I observed few age-related differences in nest architecture.
However, nests built by subadult females were significantly less well feathered than nests
built by adult females, but feather score was not correlated with the production of nestlings
or fledglings. There were age-related and within-season variations in reproductive perfor-
mance associated with variations in nest architecture, especially later in the season. Among
subadult females that bred later in the season (i.e. after the population median date of clutch
initiation), those females that built larger nests (as indicated by total nest volume, depth of
material beneath the nest cup, and percentage of nest box filled with material) hatched more
eggs per clutch. In 1990, subadult females that bred later in the season and built larger nests
(as indicated by depth of material beneath nest cup and percentage of nest box filled with
material) produced significantly more hatchlings but significantly fewer fledglings. Among
adult females that bred later in the season, those females that built nests that filled a larger
percentage of the nest box hatched fewer eggs. Adult females with nests having larger cups
produced significantly more fledglings, but those with cups crowded with nestlings (as
indicated by a cup index [total egg volume/nest cup volume]) produced significantly fewer
fledglings. In 1990, adult females that bred later in the season and built larger nests (as
indicated by depth of nest material, total nest volume, percentage of nest box filled with
material) and had more-crowded nest cups produced fewer hatchlings and fledged a signif-
icantly smaller proportion of hatchlings. These results suggest that nestling hyperthermia
in well-insulated nests may affect the reproductive performance of Tree Swallows that breed
late in the season. Received 11 January 1993, accepted 1 July 1993.

NESTS ARE an important component of paren-
tal effort in birds. Nests provide safety from
predators, a container for eggs and nestlings,
and a microenvironment for developing eggs
and growing nestlings (Collias and Collias 1984).
Various aspects of nest architecture have the
potential to influence reproductive perfor-
mance. For example, in some hole-nesting spe-
cies that nest in boxes (e.g. flycatchers [Ficedula
spp.] and tits [Parus spp.]), clutch size is posi-
tively correlated with the area of the nest-box
floor (Karlsson and Nilsson 1979, van Balen 1984,
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Gustafsson and Nilsson 1985, Slagsvold 1987;
but see Alatalo et al. 1988). Likewise, Moller
(1982) found that clutch size was positively cor-
related with nest volume in the open-nesting
Barn Swallow (Hirundo rustica) in Denmark.

Nest location and the amount of nest insu-
lation may influence reproductive performance
by affecting the timing of breeding (O’Connor
1978) and the energetic costs of incubation (e.g.
Calder 1971, 1973, Walsberg and King 1978,
Skowron and Kern 1980). The amount and type
of nest material and insulation may affect brood
thermoenergetics (Mertens 1977a) and increase
the risk of nestling hyperthermia (Mertens
1977b).

The populations of nest parasites that often
adversely affect reproductive performance (Moss
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and Camin 1970, Brown and Brown 1986) may
be correlated with the choice of nest materials
(cf. Clark 1991 and references therein), the
tightness of the weave of nesting materials (Burtt
et al. 1991), and the number of feathers lining
the nest cup (Mason 1944; but see Moller 1987,
Rogers et al. 1991). Nest-predation rates are of-
ten greater at nests located closer to the ground
(Nilsson 1984, Rendell and Robertson 1989).

Nest building is influenced by “instinct” and
practice (Dilger 1962, Sargent 1965, Collias and
Collias 1984). The nests of experienced birds
are often superior to those built by novices (e.g.
Village Weaver, Ploceus cucullatus; Collias and
Collias 1964). Therefore, determining the fit-
ness consequences of individual and age-relat-
ed differences in nest architecture are important
to a complete understanding of the factors af-
fecting individual differences in reproductive
performance.

The various influences of nest-cavity dimen-
sions (e.g. floor area, cavity volume, cavity height
from ground) on reproductive performance, es-
pecially clutch size, have been studied in nu-
merous hole-nesting species in both natural
cavities and nest boxes (e.g. Karlsson and Nils-
son 1979, Gustafsson and Nilsson 1985, Alatalo
et al. 1988, Robertson and Rendell 1990). How-
ever, the architecture of the nest itself is often
not considered as a variable affecting repro-
ductive performance. This lack of consideration
of nest architecture is perplexing because dif-
ferences in the insulation of nests built inside
of cavities should have an effect on the ener-
getics of incubation (Calder 1971, 1973, Wals-
berg and King 1978, Skowron and Kern 1980),
as well as brood thermoregulation (Mertens
1977a, b).

I investigated the influence of female age on
nest architecture in Tree Swallows (Tachycineta
bicolor) nesting in boxes. I compared the archi-
tecture of nests built by subadult females with
those built by adult females and examined the
association between nest architecture and re-
productive performance. Robertson and Ren-
dell (1990) discussed the differences in breed-
ing ecology between Tree Swallows nesting in
natural cavities and nest boxes.

Tree Swallows build nests made of a mat of
dry grasses with a nest cup lined with feathers.
Females do most of the nest building (Kuerzi
1941, Sheppard 1977), but males add most of
the feathers that line the nest cup (Sheppard
1977, Cohen 1985). Sheppard (1977) described
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the nests built by subadult females as rudimen-
tary with poorly formed cups containing fewer
feathers than the nests of adult females.

Both nest-cup volume and nest feathering may
influence the evolution of the age-related dif-
ferences in reproductive performance that have
been observed in Tree Swallows (DeSteven 1978,
1980, Stutchbury and Robertson 1988) because
both factors have thermoenergetic effects. For
example, female Broad-tailed Hummingbirds
(Selasphorus platycerus) that incubate eggs in deep
cups expend 50% less energy than do females
that incubate eggs in shallow cups (Calder 1973).
Thus, differences between subadult and adult
female Tree Swallows in nest-cup dimensions
could influence the energetics of incubation,
ultimately influencing the evolution of age-re-
lated patterns in clutch size; subadult females
lay clutches that, on average, are one egg small-
er than the clutches of adult females (DeSteven
1978, Stutchbury and Robertson 1988, Lombar-
do unpubl. data).

The insulative qualities of feathers are well
known (Wainwright et al. 1976). Eggs in well-
feathered nests cool slowly between bouts of
incubation allowing incubating females to spend
more time foraging (White and Kinney 1974).
Therefore, incubating females with poorly in-
sulated nests may suffer energetic stress during
periods of low ambient temperatures (White and
Kinney 1974). In contrast, a well-insulated nest
increases the risk of hyperthermia to endo-
thermic nestlings (Mertens 1977b). Therefore,
nest builders must make a trade-off between
their energetic costs of incubation and the risks
of hyperthermia to their nestlings (Mgller 1984).
Thus, I predicted that Tree Swallow nests built
early in season, when the chances of experi-
encing low ambient temperatures during in-
cubation are greater, would be larger and have
more feathers than nests built later in the sea-
son, when ambient temperatures are higherand
the risk of hyperthermia is greater.

METHODS

From 1988 to 1990, I studied Tree Swallows nesting
in boxes at the University of Michigan’s Edwin S.
George Reserve Biological Research Station (42°27'N,
84°00'W). The George Reserve is located 39 km north-
west of Ann Arbor, Michigan. One hundred wooden
nest boxes were mounted on metal posts erected in
grids in old fields and along trails around ponds. All
nest-box entrance holes faced south. I deterred nest
predators (e.g. racoons, Procyon lotor) from destroying
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Nests built by subadult females (n = 52)
Sector 1. Sector 2. Sector 3.
4 18 5
Sector 4. Sector 5. Sector 6.
2 18 3
Sector 7. Sector 8. Sector 9.
1 0 1
Nests built by adult females (n = 69)
Sector 1. Sector 2. Sector 3.
3 29 4
Sector 4. Sector 5. Sector 6.
1 31 1
Sector 7. Sector 8. Sector 9.
0 0 0
Fig. 1. Female age and nest-cup position in Tree

Swallow nests. Nest-box floors were divided into nine
sectors. Sector number indicated in upper-left-hand
corner of each sector. Nest-box opening was above
sector 8. Values indicate number of nests with center
of nest cup located in particular sectors.

nests by applying axle grease to nest poles before each
season.

Breeding female Tree Swallows were categorized
as either adult or subadult based on plumage char-
acteristics (Hussell 1983). Females in mostly brown
dorsal plumage are second-year birds (SY) and were
classified as subadults, whereas females in mostly ir-
idescent blue-green dorsal plumage are after-second-
year birds (ASY) and were classified as adults. Some
females were intermediate in plumage and were con-
servatively classified as subadults (Hussell 1983). Males
develop the monomorphic full adult breeding plum-
age before their first winter (Dwight 1900).

Breeding females were captured on their nests be-
tween 0600 and 0800 EST on the seventh day after
clutch completion. Tree Swallow females begin to
incubate eggs the day the penultimate egg in a clutch
is laid. Males were captured and banded during the
nestling period unless they were fortuitously cap-
tured earlier in the season. Each swallow was banded
with a numbered U.S. Fish and Wildlife Service alu-
minum band and given a unique color mark by mark-
ing its tail, wings, forehead, throat, or breast feathers
with a water-proof marking pen or acrylic paint.

LOMBARDO [Auk, Vol. 111

Nest architecture.—Each year I began visiting nest
boxes once a week during April to monitor nest build-
ing behavior. I began daily nest visits during the first
week in May to monitor egg laying. The date of clutch
initiation is reported as a Julian date (i.e. 1 January
= 1). Once a clutch was completed I did not visit the
nest again until I measured it during the second half
of the 14-day incubation period. I waited until then
to measure nests because males continue to add feath-
ers to nests throughout most of the incubation period
(Cohen 1985, pers. obs.). Using dial calipers, dividers,
and a ruler, I measured to the nearest 1 mm the: (1)
depth of nest material from top of nest to floor of box;
(2) depth of nest material beneath nest cup; (3) depth
of nest cup; (4) front-to-back diameter of top of nest
cup (the front being the edge of cup parallel to side
of nest box with the entrance hole); and (5) left-to-
right diameter of top of nest cup.

Nest cup volume (V,; mm?) was calculated as

V. = ([4/3][xa’b]/2), (1

where a is the largest radius (mm) of the top of the
cup and b is cup depth (mm). This calculation assumed
that the nest cup was one-half of an ellipsoid.

My nest-box trail contained boxes of two sizes: 25
had floors 10 cm X 14 c¢m and interior volumes of
1,736 ¢cm?; 75 had floors 14 cm X 14 cm in area and
interior volumes of 2,430 cm?®. Hereafter, these boxes
are classified as small and big, respectively. The dis-
tance from the floor to the ceiling of all boxes was
19.5 em and the distance from the floor to the 4-cm-
diameter entrance holes of all boxes was 12.4 cm. Total
nest volume (V,; cm?) was

V,=LWD - V,, )

where L, W, and D were length, width, and depth,
respectively. The position of the nest-cup center was
determined at each nest by comparing the location
of the cup center with an imaginary grid of nine
sectors (Fig. 1).

The feather content of each nest was scored on a
scale of 0 to 4, with: (0) no feathers lining cup or
woven into nest; (1) few scattered feathers that do
not completely line cup; (2) a single layer of feathers
lining cup; (3) two layers of feathers lining cup; and
(4) more than two layers of feathers lining cup.

Eggs were numbered in sequence with indelible
ink as they were laid. Egg length (I) and width (w)
at the widest point of the egg were measured to the
nearest 0.01 mm using a dial caliper. Egg volume (V,;
mm?) was calculated following Tatum (1975) as

wlw?/6.

3

The total egg volume (V,) of an incubated clutch
equaled the sum of the volumes of the eggs present
during incubation. The cup index (C) estimated the
degree of crowding of nest contents and was calcu-
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many feathers throughout incubation and into
the early stages of the nestling period (Shep-
pard 1977, Cohen 1985). Nest feather score was
not significantly correlated with total nest vol-
ume (r, = —0.061, n = 124, P > 0.40). Nest cups
were usually completely formed and lined with
a few feathers several days before the onset of
egg laying.

Female age and nest architecture.—The nests of
53 subadult and 72 adult females were mea-
sured from 1988 to 1990. Although nests built
by adult females were slightly larger than those
of subadult females, there were no significant
differences between female age-classes in nest
size or volume (Table 1). Of the nine possible
nest-cup positions, positions 2 and 5 were used
the most often by both subadult and adult fe-
males (Fig. 1).

A greater proportion of nests built by adult
females had two or more layers of feathers lin-
ing the cup (58/73 nests, 79%) than did nests
built by subadult females (33/53 nests, 62%; X?
=4.53,df =1, P < 0.05). Three nests (5.7%) built
by subadult females had no feathers. In con-
trast, nests built by adult females always con-
tained feathers.

Nest architecture and box size.—Big and small
boxes were used with equal frequency by both
subadult (big boxes had 42 nests, and small box-
es had 13 nests) and adult females (big boxes
had 60 nests, and small boxes had 14 nests; X2
=042,df =1, P > 0.50).

Nest-box size affected nest architecture. Nests
built in big boxes had significantly larger left-
to-right cup diameters, cup volumes, and total
nest volumes (Table 1). There was no difference
between big and small boxes in the percentage
of the nest-box volume filled with nest material
(Table 1).

Nest-cup position was unaffected by box size,
but nest cups were not randomly located inside
of boxes (X2=3.73,df = 1, P > 0.05). Nest cups
were most often found in positions 2 and 5 (see
Fig. 1) in both big (71/94 nests, 75.5%) and small
(25/27 nests, 92.6%) boxes.

The relationship between box size and nest
feathering was complex. Nests built by subadult
females were equally well feathered in big
(feather score, 2.85 = 1.21, n = 40) and small
(feather score, 3.31 £ 0.85, n = 13) boxes (Wil-
coxon Z = 1.11, P > 0.20). Likewise, nests built
by adult females were equally well feathered
in big (feather score, 3.31 % 0.90, n = 59) and
small (feather score, 3.57 + 0.94, n = 14) boxes
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(Wilcoxon Z = 1.31, P > 0.10). Pooled together,
the nests built by both subadult and adult fe-
males were equally well feathered in big (Wil-
coxon Z = —1.82, P > 0.05) and small (Wilcoxon
Z = —1.10, P > 0.20) boxes. Small boxes had a
larger proportion of nests with two or more
layers of feathers lining the cup (27/32 nests,
84%) than did big (69/99 nests, 70%; X2 = 8.76,
df = 1, P < 0.005) boxes.

Within-season variations in nest architecture.—
The time of season when a nest was built influ-
enced its architecture. For example, subadult
females that constructed nests earlier in the sea-
son and began egg laying before the population
median date of clutch initiation (Julian date =
138; 16 May) built nests that were of greater
volume (before median date, 806.58 + 197.07
cm?, n = 13; after median date, 621.37 + 176.28
cm?, n = 39; Wilcoxon Z = 2.49, P < 0.02) and
had more material beneath the nest cup floor
(before median date, 17.85 + 14.04 mm, n = 13;
after median date, 8.90 + 6.62 mm, n = 40; Wil-
coxon Z = 2.08, P < 0.04).

In contrast, there was little within-season
variation in the nest architecture of nests built
by adult females. Adult females that began egg
laying before the population median date of
clutch initiation built nest cups of greater vol-
ume (before median date, 90.21 = 26.92 cm?, n
= 44; after median date, 76.51 * 30.38 cm?, n =
28; Wilcoxon Z = —2.45, P < 0.02). This differ-
ence was not due to larger adult female clutch
sizes earlier in the season because there was no
significant difference between adult female
clutch sizes laid either before (5.62 * 1.05, n =
45) or after (5.55 + 0.78, n = 29) the median
date of clutch initiation (Wilcoxon Z = —1.03,
P > 0.30). Contrary to prediction, there was no
correlation between nest feather score and the
date of clutch initiation at nests built by either
subadult (r, = —0.025, n = 53, P > 0.80) or adult
females (r, = 0.22, n = 72, P > 0.05).

Nest architecture and reproductive success.—Re-
productive performance in Tree Swallows is in-
fluenced by a breeding female’s age (DeSteven
1978, 1980, Stutchbury and Robertson 1988, this
study) and time in the season when she begins
egg laying (Stutchbury and Robertson 1988, this
study). On average, subadults began clutches
later (Julian date 143.55 * 9.65) than did adult
females (Julian date 137.43 = 5.32; Wilcoxon Z
= 4.29, P < 0.0001). At the George Reserve,
reproductive performance was also associated
with nest architecture.
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At nests built early in the season by subadult
females, the front-to-back diameter of the top
of the nest cup was positively correlated with
clutch size (r, = 0.65, n = 13, P < 0.02). Later in
the season, the nest volume of nests built by
subadult females was positively correlated with
the number of eggs that hatched (r, = 0.35, n =
32, P < 0.05). Likewise, the greater the per-
centage of the nest box filled with material, the
more eggs hatched (r, = 0.50, n = 32, P < 0.005)
and the larger the proportion of eggs hatched
(r, =037, n = 38, P < 0.03). The depth of ma-
terial beneath the nest-cup floor was also posi-
tively correlated with the number (r, = 0.44,
n= 32, P < 0.05) and proportion of eggs (r, =
0.34, n = 39, P < 0.05) that hatched. However,
feather score was not correlated with the pro-
duction of nestlings (P > 0.10) or fledglings
(P > 0.80).

There were no significant correlations be-
tween nest architecture and reproductive per-
formance at nests where adult females began to
lay eggs before the median date of clutch ini-
tiation. However, nest architecture was corre-
lated with the reproductive performance of adult
females later in the season; cup volume was
positively correlated with the number of fledg-
lings produced (r, = 0.53, n = 18, P < 0.03) and
the proportion of hatchlings that fledged at each
nest (r, = 0.56, n = 19, P < 0.02). However, the
more crowded the cup (as indicated by the cup
index) the fewer young that fledged (r, = —0.54,
n =18, P < 0.03) and the smaller the proportion
of the hatchlings that fledged (r, = —0.62, n =
18, P < 0.007).

Correlations between nest architecture and
reproductive performance varied within the
breeding season each year; in 1990 at subadult
females’ nests and in 1989 and 1990 at adult
females’ nests. When subadult females began
egg laying after the median date of clutch ini-
tiation in 1990, the depth of nest material be-
neath the nest-cup floor was positively corre-
lated with brood size at hatching (r, = 0.66, n =
12, P < 0.02) and the proportion of the clutch
that hatched at each nest (r, =0.71,n =12, P <
0.01). Likewise, the percentage of the box filled
by the nest was positively correlated with the
brood size at hatching (r, = 0.69, n = 12, P <
0.02) and the proportion of the clutch that
hatched at each nest (r, = 074, n = 12, P <
0.006). However, the depth of nest material be-
neath the nest-cup floor was negatively corre-
lated with brood size at fledging (r, = —0.77,
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n =11, P < 0.001) and the proportion of hatch-
lings that fledged (r,= —0.85, n =11, P < 0.001).
The proportion of the box filled with nest ma-
terial was negatively correlated with the pro-
portion of hatchlings that fledged (r, = —0.65,
n =11, P < 0.04).

There were no significant correlations be-
tween nest architecture and reproductive per-
formance at nests where adult females began
egg laying before the median date of clutch
initiation in 1989. However, at nests where adult
females began egg laying after the median date
of clutch initiation, the depth of the nest ma-
terial below the cup was negatively correlated
with the proportion of eggs that hatched (r, =
—0.81, n = 8, P < 0.05), but nest crowding (as
measured by cup index) was positively corre-
lated with the proportion of eggs that hatched
(r,=0.82, n =6, P < 0.05). At nests where adult
females began egg laying before the median
date of clutch initiation in 1990, birds that filled
more of the nest box with material produced
more fledglings (r, = 0.68, n = 9, P < 0.05).
However, brood size at hatching was negatively
correlated with the depth of nest material (r, =
—0.61, n = 15, P < 0.05), the nest volume (7, =
—0.63, n =15, P < 0.05), and the percentage of
the box filled with material (r, = —0.72, n = 15,
P < 0.005). In addition, cup index was nega-
tively correlated with the proportion of hatch-
lings that fledged (r, = —0.59, n =12, P < 0.05).

DisCUSSION

General nest architecture.—The nests of Tree
Swallows in southeastern Michigan were com-
posed of a mat of dry grasses about 40 mm deep
(Table 1) with a nest cup lined with feathers.
The material in these nests was about 10 mm
deeper than in the deepest nests built by swal-
lows near Lake Oneida, New York (Sheppard
1977). Although nest linings are usually thicker
in cold climates (Collias and Collias 1984), dur-
ing the period when most nests were built (i.e.
before the population median date of clutch
initiation in each area) the average mean daily
temperature was greater (Z = 3.72, P < 0.001)
in Michigan (12.9 = 1.6°C, NOAA 1988, 1989,
1990) than in New York (10.1 = 2.9°C, Sheppard
1977:fig. 13). It is possible that birds may adjust
the insulative qualities of their nests by con-
structing either tightly or loosely woven nests
in response to air temperatures during the nest-
building period. Unfortunately, neither Shep-



820

pard (1977) nor I estimated whether nests were
either tightly or loosely woven, making it im-
possible to test this hypothesis.

Nest cups located in the center of the box are
surrounded by nest material on all sides and
should be better insulated than nest cups that
are located against a nest box wall. Nest cups
located in the center of the nest box are easily
reached by parents feeding nestlings, but also
by predators such as racoons that typically reach
into the box and pull out its contents. Therefore,
there are both advantages and disadvantages to
building nests with cups located in the center
of the box. Nest cups located in the middle of
the back wall may not be as well insulated but
are slightly more difficult for predators to reach.
Neither Sheppard (1977:table 17) nor I found
nests with nest cups directly below the nest-
box hole, the position most easily reached by a
nest predator.

The depth of nest material used by cavity-
nesting birds may reflect a trade-off between
the thermal benefits of a thick nest and disad-
vantage of placing the nest contents within the
easy reach of nest predators. Interestingly,
House Wrens (Troglodytes aedon) that build nests
in boxes typically fill the box up to the bottom
edge of the hole with material (Kennedy and
White 1992), potentially placing the nest con-
tents within the easy reach of nest predators.

Female age and nest architecture.—I1 found few
differences in architecture between the nests
built by subadult and adult female Tree Swal-
lows. There were no significant differences be-
tween subadult and adult female nests in the
physical dimensions of the mat of dry grasses
or in the time it took to build the nest, but nests
built by subadults were slightly smaller and
took slightly longer to build than those built
by adult females. No statistical patterns in nest
dimensions were noted in nests of individuals
that built multiple nests during the course of
the study. These results suggest that experience
has less influence on nest-building behavior in
Tree Swallows than in weavers (Ploceidae; Col-
lias and Collias 1964, 1984) or Zebra Finches
(Taeniopygia guttata; Sargent 1965). However,
more subadult (n = 4) than adult females (n =
1) built rudimentary nests and laid eggs on the
wooden floor of the nest box, suggesting that
some subadults may be inferior nest builders.
Alternatively, subadult female Tree Swallows
may build rudimentary nests because they be-
gin nest building later in the season than adult
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females and, therefore, may rush nest building
in order to begin egg laying before late June
when the window of opportunity for successful
reproduction closes (unpubl. data).

The nests of Tree Swallows typically contain
feathers lining the cup and accumulated
throughout the nest material. I did not count
feathers in nests. Sheppard (1977) found that
most nests had from 25 to 50 feathers (range 0
to 150). These feathers probably provide a ther-
mal benefit. Winkler (1993) found that nestlings
in well-feathered nests had faster growth rates
than nestlings in nests where he experimen-
tally removed feathers. Neither Winkler (1993)
nor I found a significant correlation between
nest feather score and the number or proportion
of hatchlings and fledglings produced.

Nest feathers may serve as a barrier between
the nestlings and nest ectoparasites. Cohen
(1988) argued that nest feathers were an anti-
ectoparasite adaptation in Tree Swallows be-
cause the energy expended competing for nest
feathers outweighed their thermal benefits in
the nest. Winkler (1993) also showed that nest
feathers also may provide a benefit against nest
ectoparasites. I did not compare feather scores
with nest ectoparasite loads. However, Capreol
(1983 in Rogers et al. 1991) found no correlation
between nest feather number and Protocalli-
phora sialia (Diptera: Calliphoridae) parasite loads
in the nests of Tree Swallows. Mgller (1987)
found no association between the number of
feathers lining Barn Swallow nests and the
number of haematophagous mites found in the
nest.

The nests built by subadult and adult females
differed most in the amount of feathers found
lining the nest cup (Table 1). Because compe-
tition for nest feathers is intense in Tree Swal-
lows (Gibbs 1981, Cohen 1985, 1988) and fights
over feather ownership are common (Winkler
1993, pers. obs.), the amount of feathers found
in nests may reflect the competitive abilities of
the nest owners (Sheppard 1977, Gibbs 1981).
However, there were no significant correlations
between nest feather score and nest-owner size,
except at the nests built by subadult females;
subadult female wing length was negatively
correlated with nest feather score (unpubl. data).
The biological significance of this relationship
is not clear.

Most feathers that males collect are obtained
by retrieving feathers that are floating in the
air. Males typically do not retrieve feathers from
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the ground, especially if the vegetation is deep
(Cohen 1985, pers. obs.). Fights over feathers
are often long aerial battles in which feather
owners and their pursuers fly very fast and
change direction rapidly and often. These ob-
servations suggest that flying skill is an impor-
tant component of feather-gathering ability in
male Tree Swallows. Interestingly, there were
no correlations between any measure of male
size and nest feather score (unpubl. data), sug-
gesting that male size, within normal variation,
provided neither an advantage nor disadvan-
tage in competing for feathers. However, the
differences in nest feathering at nests built by
subadult and adult females suggest that males
mated to subadults are inferior to males mated
to adult females in feather competition. Male
Tree Swallows cannot be aged by plumage char-
acters, but based on yearly migratory-return
patterns (i.e. yearlings return to breeding areas
later in the season than do older Tree Swallows;
Cohen 1978), it is likely that subadult females
are mated to younger males than are adult fe-
males. Males mated to subadult females are the
same size as males mated to adult females (un-
publ. data), suggesting that skill gained through
experience is an important component in male
feather gathering ability.

Nest-box size.—Nest-box size affected nest ar-
chitecture. Nests in big boxes contained more
nest material than those built in small boxes
(Table 1), but Tree Swallows filled approxi-
mately 30% of the available cavity space, re-
gardless of box size (Table 1). There are behav-
ioral and energetic consequences of this
behavior: big boxes would have required more
effort to fill than small boxes. However, this
increased effort did not affect reproductive per-
formance. There were no statistically significant
differences in reproductive performance be-
tween swallows nesting in big or small boxes.
Cohen (1977) also found no effect on Tree Swal-
low reproductive performance in the Colorado
Rocky Mountains. There were no associations
between nest-box size and reproductive per-
formance that could not also be explained by
female age and within-season variation in re-
productive performance. In contrast, many
studies of other species of hole-nesting birds
have found a positive correlation between clutch
size and the area of the nest-box floor (e.g. Karls-
son and Nilsson 1977, van Balen 1984, Gustafs-
son and Nilsson 1985, Slagsvold 1987; but see
Alatalo et al. 1988). Robertson and Rendell (1990)
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found that Ontario Tree Swallows in nest boxes
laid larger clutches than did those using natural
cavities. They argued that this was because floor
area was smaller in natural cavities. In their
study, the floor area of nest boxes was twice as
large as the mean floor area of natural cavities.
In mine, big floors were 40% larger than the
small floors and may not have differed enough
to influence female swallows to adjust their
clutch sizes. Additionally, nest-box-trail oper-
ators usually clean out old nesting material from
boxes before each season. In contrast, natural
cavities accumulate nest material each year, thus
shrinking the available space, which could have
a negative influence on clutch size. The best
way to test these hypotheses is with an exper-
iment that controls for differences in parental
quality.

Nest architecture and reproductive perfor-
mance.—Reproductive performance was asso-
ciated with variations in nest architecture. Early
in the season, the front-to-back diameter of the
top of the nest cups built by subadult females
was positively correlated with clutch size, sug-
gesting that subadult females that laid larger
clutches modified their nests to accommodate
more eggs. Later in the season, several aspects
of the architecture of nests built by subadult
females were significantly correlated with var-
ious measures of reproductive performance. In
general, larger nests produced more nestlings,
suggesting that the amount of nest material col-
lected may have positively affected the ability
of subadult females to hatch their eggs. Inter-
estingly, nest feather score was not correlated
with the production of either hatchlings or
fledglings despite the insulative quality of
feathers.

Nest architecture was not correlated with
adult female reproductive performance early in
the season. This result is surprising because nest
insulation should influence reproductive per-
formance early in the season when average am-
bient temperatures during incubation are lower
and there is greater daily variation in ambient
temperatures. The contents of poorly insulated
nests cool quickly at low ambient temperatures,
forcing incubating birds to expend more energy
and time reheating eggs when they return to
nests; they then are left with less time between
bouts of incubation for foraging (White and
Kinney 1974). However, endothermic nestlings
risk hyperthermia when crowded into a well-
insulated nest late in the season when average
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ambient temperatures are higher (Mertens
1977b). The cup index was negatively correlated
with both brood size at fledging and the pro-
portion of hatchlings that fledged late in the
season, suggesting that hyperthermia due to
overcrowding of nestlings was a factor affecting
the reproductive performance of adult females
late in the season.

Little of the yearly within-season variation in
nest architecture was significantly correlated
with reproductive performance except in 1990.
Subadult females that built larger nests (as in-
dicated by depth on nest material beneath the
cup and percentage of the box filled with ma-
terial) produced more hatchlings per nest than
did those with smaller nests. However, larger
nests were a disadvantage in terms of producing
fledglings later in 1990 because the depth of
nest material beneath the nest-cup floor and the
percent of box filled with nest material were
both negatively correlated with brood size at
fledging and the proportion of young that
fledged. Hyperthermia correlated with the in-
sulative quality of larger nests may have af-
fected the reproductive performance of late-
breeding subadult females. Subadult females are
more likely to begin clutches after the popu-
lation median date of clutch initiation (Stutch-
bury and Robertson 1988, this study).

Within-season variations in nest architecture
were associated with variations in the repro-
ductive performance of adult females in 1989
and 1990. Late in the season in 1989, the nests
of adult females with more material beneath
the nest cup hatched a significantly smaller pro-
portion of eggs, whereas those with crowded
nest cups hatched a significantly larger pro-
portion of eggs. Neither the depth of nest ma-
terial below the cup nor nest cup crowding were
significantly correlated with fledging success.
However, early in the season in 1990, larger
nests (as indicated by the percentage of the nest
box filled with material) appeared to be advan-
tageous because they produced more fledglings
than smaller nests. However, larger nests were
disadvantageous later in the season because they
produced fewer hatchlings and, consequently,
fewer fledglings than smaller nests. The nega-
tive correlation between the cup index and the
proportion of hatchlings that fledged indicates
that hyperthermia induced by the crowding of
nestlings may have affected the reproductive
performance of late-breeding adult females (e.g.
Moller 1987). My results suggest that experi-
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ments involving manipulation of nest insula-
tion, clutch size during incubation, and brood
size during the nestling period could reveal in-
teresting information about incubation and
nestling energetics in Tree Swallows.
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