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NOTES AND COMMENTS

NEST PLACEMENT: IMPLICATIONS FOR SELECTED LIFE-HISTORY
TRAITS, WITH SPECIAL REFERENCE TO CLUTCH SIZE

Differences in costs and benefits among nest sites can favor different life-history
traits. For example, tropical honey bee species differ in their vulnerability to nest
predation because of differences in nest placement. The differences in vulnerabil-
ity favor differences in larval cell numbers, colony size, labor allocation to
defense, and worker morphology, physiology, and behavior (Seeley et al. 1982).
Although a variety of traits can be influenced by costs associated with nest sites,
one trait that seems consistently modified is the number of young that parents
attempt to rear (i.e., clutch size). For instance, clutch size is often smaller at nest
sites with a greater risk of nest predation (Skutch 1949; Lack 1968; Slagsvold
1982a; Lima 1987).

Much attention has been devoted to life-history differences between nest types
(hole nests vs. open nests; Lack 1968; Ricklefs 1969), but life-history differences
among nest positions of a single nest type have received little study. Yet, differ-
ences in ecological costs are known to exist between some nest positions. For
example, nest predation is commonly greater on open nests on the ground than on
those off the ground (Ricklefs 1969; Slagsvold 1982a; Loiselle and Hoppes 1983;
Wilcove 1985). Consequently, under life-history theory (see Law 1979; Michod
1979), ground-nesting birds should have smaller clutches. Here, I document the
opposite pattern of larger clutch sizes for ground-nesting than for off-ground-
nesting wood warblers (Parulinae) and then consider possible hypotheses to
explain the differences in clutch size.

I focus on birds because clutch-size data are readily available and because more
work has been completed on the nesting biology of birds than on any other taxa. I
restrict the analysis to wood warblers because (1) a restricted analysis minimizes
the effects of taxonomic differences on clutch size; (2) warblers are diverse and
include numerous ground-nesting and off-ground-nesting species; (3) parulids
primarily produce a single brood each season, eliminating the effects of the
number of broods on clutch size; (4) many species co-occur at the same latitudes
during breeding, permitting some degree of control of geographical and habitat
effects; and (5) ground-nesting and off-ground-nesting species commonly coexist
in the same areas and habitats during the winter, minimizing differences in winter
selection pressures.
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METHODS

Original data cards were consulted at the Western Foundation of Vertebrate
Collections for egg collections of warblers to obtain clutch size, date of collection,
locality (to nearest 0.25 degree), height and location of the nest, and stage of
embryonic development. Clutches for which embryonic development was re-
ported as ‘‘fresh’ or ‘‘none’’ were excluded because they may have been incom-
plete. Analyses were restricted to coastal states to minimize confounding effects
of inland versus coastal sites. Actual nest height and location reported by the
collector were used to categorize nests as to placement on or off the ground.

The date on which a clutch was initiated (i.e., when the first egg was laid) was
calculated as the collection date minus the clutch size minus a correction for
embryonic development, following the methods of Koenig (1984). Because the
incubation period is typically 11-13 days (Terres 1980), the clutch-initiation date
was corrected by subtracting the following number of days for the associated
embryonic development: 3 (‘‘slight,”” “‘just begun,”” ‘‘begun,”’ ‘‘commenced,”’
“‘started,’’ ‘“Va,”” “‘V3,”” ““2—4 days’’), 6 (‘‘small embryo,’’ “‘well begun,’’ *‘¥2,”’ or
“‘4-7 days’’), 9 (‘“‘advanced,”’ ‘‘large embryo,”’ ‘‘well advanced’’).

Initiation date was examined for two potential effects. First, clutch size com-
monly decreases over a season (see Martin 1987a). Estimates of clutch size are
biased if clutches were collected at different times of the season for different
species, causing clutch size to be negatively correlated with initiation date for
some, but not all, species. Thus, I calculated Pearson product-moment correla-
tions of clutch size with initiation date for each species within latitudinal blocks
(see below). Second, larger clutches may occur in nests initiated earlier in the
season because food availability often is greater for earlier broods (see Martin
1987a). Consequently, if the initiation date is sufficiently different between
ground-nesting and off-ground-nesting birds, then the group with earlier breeding
is expected to have larger clutches.

I compared initiation dates and clutch sizes of ground-nesting versus off-
ground-nesting birds using three-factor analysis of variance (aANova). Differences
among genera may simply represent differences due to phylogeny. Consequently,
to control such effects, I also compared clutch sizes for each genus, species, and
subspecies that included both ground-nesting and off-ground-nesting birds using
a one-, two-, or three-factor aNova, depending on which analysis was most ap-
propriate given the number of nonzero cells. Data were log-transformed to meet
the normality assumption. I used the Bartlett-Box test to determine that the
homogeneity-of-variance assumption was met (P > 0.10 in all cases).

I blocked the data by species to account for variation within species while
controlling for differences in sample sizes among species. I blocked latitude into 3°
or 4° blocks rather than using it as a continuous covariate because slopes of clutch
size with latitude were not homogeneous, which eliminated an analysis of co-
variance, and because most records within a block were from one or a few areas,
such that clutch size did not co-vary significantly with latitude within a block. I
included species and latitudinal blocks as factors in the analysis only to control
their effects while examining the differences between ground-nesting and off-
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TABLE 1

GRAND MEANS OF THE MEAN CLUTCH SIZES FOR ALL SPECIES, BY LATITUDINAL BLOCK

LATITUDE
SPECIES 32°-35.9° 36°-39.9° 40°-42.9° =43°
Ground nesters 4.60 = 0.125 4.72 = 0.124 4.64 = 0.068 4.58 = 0.143
Q) ) (13) ®)
Off-ground nesters 3.86 = 0.067 3.93 = 0.066 3.96 = 0.026 4.05 = 0.070

(13) (10) (14) (13)

Note.—Values are the means of the mean clutch sizes + one standard error (the number of species’
means is in parentheses).

ground-nesting birds. Consequently, I do not report significant variation among
species and latitudinal blocks because such results are not relevant to the focus of
this paper.

Only species and subspecies for which a minimum of seven records were
available within a latitudinal block were included in the analyses. Use of a larger
minimum sample size (e.g., >20 records) did not change any trends.

Finally, I also include some data for three warbler species that occur at my
study sites in Arizona (for descriptions, see Martin 1988b; Martin and Roper 1988)
to show that the trend exists at local sites. These data were collected during the
breeding seasons of 1983-1987.

RESULTS

Effects of Date

Only 9 of 81 possible correlations between clutch size and initiation date are
significantly negative (P < 0.05); this is barely more than expected by chance.
Moreover, significant correlations are not strong (» < 0.3). Finally, four of the
significant correlations are from ground-nesting species and five are from off-
ground nesters; any biases induced by date are, therefore, relatively equal be-
tween groups. Thus, I ignored date as a confounding influence on clutch-size
comparisons.

Initiation date is earlier for ground nesters than for off-ground-nesting birds
(F = 178.9, df = 1, 3459, P < 0.001), but by only 0.9 days on the average.

Clutch Size: Ground Nests versus Off-Ground Nests

Across taxa.—Clutch sizes are significantly larger for ground nests than for off-
ground nests (F = 59.0, df = 1, 3526, P < 0.001) when species and subspecies are
combined across all genera, averaging approximately 0.75 more eggs in ground
nests at the lowest latitudes and 0.53 more eggs at the highest latitudes (table 1).

Among genera that nest only on or only off the ground.—Comparisons among
genera that only include either ground or off-ground species show that ground
nesters have larger clutches than off-ground nesters (F = 78.3,df = 1, 1391, P <
0.001; table 2).
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TABLE 2
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CLuTtcH SizEs, BY LATITUDINAL BLOCK, FOR SPECIES IN GENERA THAT NEST EXCLUSIVELY

ON OR OFF THE GROUND

LATITUDE
SPECIES 32°-35.9° 36°-39.9° 40°-42.9° =43°
Ground Nesters
Vermivora pinus 4.69 = 0.065
(111)
V. chrysoptera 4.29 = 0.184 4.61 = 0.084
%) 4
V. peregrina 5.52 = 0.135
27
V. celata 4.43 = 0.104 4.17 = 0.167 4.27 = 0.093
(30) 12) 41)
V. ruficapilla ridgwayi 4.66 = 0.090
(29
V. r. ruficapilla 4.92 = 0.178 4.62 = 0.109
(13) 21
V. virginiae 4.63 = 0.193
8)
Mpniotilta varia 4.84 + 0.082 4.85 + 0.072
37 (26)
Helmitheros vermivorus 4.81 = 0.062
(141)
Seiurus aurocapillus 4.51 = 0.100 4.69 = 0.078 4.57 = 0.054 4.55 = 0.050
@37 (36) (114) (33)
S. noveboracensis 4.28 = 0.129 4.23 = 0.166
(32) (13)
S. motacilla 4.95 + 0.065 5.04 = 0.079
(40) (102)
Off-Ground Nesters
Parula americana 3.95 = 0.096 3.82 = 0.094
(42) (44)
Setophaga ruticilla 3.91 = 0.044 3.83 = 0.102
(89) (23)
Limnothlypis 3.37 = 0.101
swainsonii (395)
Icteria virens 3.77 = 0.058 3.86 = 0.053
(62) 117)

Note.—Values are means + one standard error (the number of clutches is in parentheses).

Among species within a genus.—Within the genus Dendroica, the clutch size of
the ground-nesting D. palmarum is greater than the clutch size of off-ground-
nesting Dendroica species (F = 7.7, df = 1, 1289, P = 0.006; table 3). Within the
genus Oporornis, clutch sizes of the ground-nesting species (O. formosus and O.
philadelphia) are greater than the clutch size of the off-ground-nesting O. tolmiei
(F = 54.0,df = 1, 412, P < 0.001; table 3). Within Wilsonia, the clutch size of the
ground-nesting W. canadensis is greater than the clutch sizes of off-ground-
nesting W. pusilla and W. citrina (F = 46.6, df = 1, 237, P < 0.001; table 3).

Among subspecies within a species.—Within the species W. pusilla, clutch
sizes of the ground-nesting W. p. pusilla and W. p. pileolata are greater than for



TABLE 3

CLuTcH SiZES, BY LATITUDINAL BLOCK, FOR SPECIES IN GENERA WITH BOTH GROUND NESTERS

AND OFF-GROUND NESTERS

LATITUDE
SPECIES 32°-35.9° 36°-39.9° 40°-42.9° =43°
Dendroica
Ground Nesters
Dendroica palmarum 4.39 + 0.086
(33)
Off-Ground Nesters
Dendroica petechia 3.98 += 0.079 4.23 + 0.091 4.46 + 0.116
morconi (46) (40) (33)
D. petechia aestiva 4.12 = 0.098
(42)
D. pensylvanica 3.93 + 0.042 4.08 + 0.087
(122) (38)
D. magnolia 3.63 = 0.183 3.88 + 0.065 4.04 = 0.028
) 25) (113)
D. caerulescens 3.65 = 0.069 3.75 = 0.131
cairnsii (49) 12)
D. caerulescens 3.92 + 0.055
caerulescens (60)
D. coronata auduboni 4.12 = 0.056 4.16 = 0.115
(103) (19)
D. coronata 4.08 = 0.178 4.26 + 0.122
coronata (13) (31)
D. nigrescens 3.65 = 0.147 3.72 = 0.105 3.81 = 0.101
17 (20) (16)
D. virens 4.00 = 0.077 4.04 + 0.028
(37 (50)
D. fusca 4.03 = 0.116
(34)
D. dominica 4.31 = 0.088
(59)
D. pinus 3.93 + 0.052 3.77 = 0.136
(60) 17
D. discolor 4.03 = 0.093 3.98 + 0.064 4.04 = 0.073
(29) (42) (48)
D. striata 4.38 = 0.108
47)
D. cerulea 3.91 = 0.107 3.50 + 0.151
23) (12)
Oporornis
Ground Nesters
Oporornis formosus 4.62 = 0.032
(286)
O. philadelphia 4.64 + 0.152
an
Off-Ground Nesters
Oporornis tolmiei 4.15 = 0.103 4.15 = 0.080
(46) (58)
Wilsonia
Ground Nesters
Wilsonia canadensis 4.64 = 0.124 4.56 = 0.166
22) (18)
Off-Ground Nesters
Wilsonia citrina 3.66 = 0.068 3.90 = 0.060
(58) (&)
W. pusilla chryseola 3.81 + 0.088 4.05 + 0.071 4.13 + 0.091 4.00 = 0.000
1 (40) (15) (10)

Note.—Values are means + one standard error (the number of clutches is in parentheses).
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TABLE 4

CLuTcH S1ZES, BY LATITUDINAL BLOCK, FOR SUBSPECIES WITHIN SPECIES (W. PUSILLA, G. TRICHAS)
AND FOR INDIVIDUALS WITHIN SUBSPECIES THAT CONTAIN BoTH GROUND NESTERS
AND OFF-GROUND NESTERS (G. T. BRACHYDACTYLUS)

LATITUDE
NEST
LocATiON 32°-35.9° 36°-39.9° 40°-42.9° =43°
Wilsonia pusilla
On ground 5.18 = 0.176 4.53 = 0.151
ane (17
Off ground® 3.81 + 0.088 4.05 = 0.071 4.00 = 0.000
21 (40) (10)
Geothlypis trichas
On ground 4.43 + 0.202 4.42 + 0.066
@ 57)
Off ground 3.94 + 0.092 3.87 = 0.090 4.00 = 0.000
(€20) (€ (22)%
Geothlypis trichas brachydactylus
On ground 4.43 = 0.202 4.42 = 0.066
@) 57
Off ground 4.03 = 0.012
(33)

Note.—Values are means * one standard error (the number of clutches is in parentheses).
a, Wilsonia pusilla pileolata; b, W. p. pusilla; ¢, W. p. chryseola; d, Geothlypis trichas brachydac-
tylus; e, G. t. scirpicola; f, G. t. sinuosa; g, G. t. arizela.

the off-ground-nesting W. p. chryseola (F = 52.5,df = 1, 114, P < 0.001; table 4).
Within the species Geothlypis trichas, clutch sizes of the ground-nesting G. t.
brachydactylus are greater than for the off-ground-nesting G. ¢. scirpicola, G. t.
sinuosa, and G. t. arizela (F = 13.3, df = 1, 176, P < 0.001; table 4).

Among individuals within a subspecies.—The subspecies G. t. brachydactylus
includes individuals within the same local areas that nest on and off the ground,
and clutch sizes are greater for ground-nesting individuals (F = 14.5, df = 1, 96,
P < 0.001; table 4). Moreover, this result is not a reflection of date; date of initia-
tion does not differ between ground-nesting and off-ground-nesting individuals
(F =0.6,df = 1,92, P = 0.450).

At a local site.—Finally, the trend also holds at my local Arizona sites; clutch
sizes of ground-nesting Vermivora celata (x = SE = 4.26 = 0.077, n = 34) and
Cardellinia rubrifrons (4.33 = 0.167, n = 9) are greater than for the off-ground-
nesting O. tolmiei (3.78 = 0.069, n = 37;t = 4.7, P < 0.001; ¢t = 3.4, P < 0.01).

In summary, larger clutches of ground-nesting birds occur at all taxonomic
levels examined: among genera, among species within a genus, among subspecies
within a species, and among individuals within a subspecies.

DISCUSSION

I consider costs and benefits that may differ between nest positions to examine
possible hypotheses that can explain the clutch-size difference.



