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Abstract.—Large clutch sizes of cavity-nesting birds have been considered a classic example
of the consequences of low nest predation for almost half a century. I show that reduced nest
predation cannot explain large clutch sizes in cavity-nesting birds. Instead, clutch sizes of
cavity-nesting species in North America and Europe are more closely related to the propensity
to excavate nest holes. Propensity to excavate is determined by skull and bill morphology of
species. Species with weaker excavating morphology depend on existing holes more and have
larger clutches and more broods per year than species that excavate new holes. These results
cannot be explained by energy costs of excavation. Possible effects of nonreproductive mortality
among adults cannot be evaluated. The results support a new hypothesis that the more limited
availability of nest sites for species that depend on existing holes favors greater reproductive
effort.

Reduced nest predation is thought to favor increased clutch size (reviewed in
Slagsvold 1982; Lima 1987; Martin 1992). The larger clutch sizes of cavity-nesting
as compared to open-nesting bird species have been cited for almost half a century
as a classic example of nest predation effects (see, e.g., Lack 1948, 1954; Slags-
vold 1982; Lima 1987). However, this conclusion was obtained by comparing
open-nesting birds with cavity-nesting species that do not excavate nest holes
(nonexcavators; Martin and Li 1992). Species that excavate holes (excavators)
have been neglected in clutch size comparisons. Yet, they provide a critical con-
flict with the traditional explanation that reduced nest predation is the evolution-
ary cause of large clutch sizes of cavity-nesting birds. Excavators incur even less
nest predation (about one-half) than nonexcavators, but excavators have smaller
rather than larger clutch sizes (Martin and Li 1992). Analyses of 110 species
among five nest types indicate that clutch sizes of nonexcavators are outliers
relative to nest predation rates (Martin 1994). Thus, clutch sizes among cavity-
nesting species are at variance with the classical nest predation hypothesis.

The large clutches of nonexcavators can be explained by a new hypothesis that
larger clutches are favored when breeding opportunities are obtained but are
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generally limited and therefore unpredictable (Martin 1992). Nest sites and,
hence, breeding opportunities are more limited for nonexcavating than excavating
species because nonexcavating species depend on finding an existing hole,
whereas excavating species can make a new hole (Lack 1948; Wesolowski 1983;
Martin and Li 1992). Moreover, holes that do exist are not necessarily suitable
for use because they can acquire large parasite populations through previous use
(Nilsson 1986; Mgller 1989), which potentially limits nest site availability even
further for nonexcavators. Indeed, nest sites are commonly limiting for nonexca-
vating cavity nesters (see, €.g., von Haartman 1957; Brush 1983; Belles-Isles and
Picman 1986; Brawn et al. 1987; Brawn and Balda 1988; Gustafsson 1988; but
see Waters et al. 1990). Yet, nonexcavators are in different avian families (e.g.,
Paridae, Troglodytidae) than excavators (Picidae, Sittidae) so that clutch size
comparisons are confounded by phylogenetic effects. A clearer test of the hypoth-
esis is to compare closely related cavity-nesting species that vary in their propen-
sity to excavate holes.

Excavator species vary in their propensity to excavate because the skull and
bill morphology of some species requires particularly soft (dead, well-decayed)
wood for excavation (Lawrence 1967; Bock 1970; Miller and Bock 1972; Kilham
1979a, 1979b; Koenig 1987). If soft wood is not available, then existing holes are
used (Nilsson et al. 1991). Nest sites are more limited for these species because
they rely on the limited availability of soft substrates or existing holes (Law-
rence 1967; Kilham 1979a; Wesolowski 1983; Martin and Li 1992). Thus, the
nest site limitation hypothesis predicts that clutch sizes should increase with
dependence on soft wood or existing holes. I test this prediction here.

METHODS

Data on clutch size and percentage of nests in new versus old (or natural) holes
were from my studies of three sittid species and five North American picid species
(see Martin 19884, Martin and Li 1992 for details of study areas and species),
and from the literature for these and other species (Blume 1961; Lawrence 1967;
Bock 1970; Miller and Bock 1972; Jackson 1976; Kilham 19794, 1979b; McNair
1984; Cramp 1985; Wesolowski and Tomialojc 1986; Bull 1987; Koenig 1987,
Nilsson et al. 1991; D. Ingold, unpublished data). I excluded cooperatively breed-
ing species. Data were averaged across studies when more than one provided it
for a species. For qualitative comparisons, I estimated percentage of nests in old
holes (fig. 1, triangles) for two species described as usually using old holes be-
cause of the small number of species that usually use old holes. However, these
two species were not included in statistical analyses. I set old holes used equal
to 60% for them because that was about the percentage actually measured in
other similarly described species. Finally, I also obtained data on numbers of
broods from the literature. Species were classified as double brooded if any indi-
viduals were known to produce two broods, and all others were classified as
single brooded. Finer resolution was not possible because data on actual popula-
tions means are not available.

Partial correlations that controlled for body mass were used to analyze the
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Fic. 1.—Clutch size relative to the percentage of nesting attempts in old or natural holes in
excavating families (Sittidae, Picidae) in North America and Europe. Open circles represent
measured data points; triangles represent estimated data for two species (these data were
not included in the statistical analyses). Sittid species included are Su, Sitta pusilla; Sd,
Sitta canadensis; Sy, Sitta pygmaea, Sl, Sitta carolinensis; North American picid species:
Mec, Melanerpes carolinus; Me, Melanerpes erythrocephalus; Ml, Melanerpes lewis; Sv,
Sphyrapicus varius; St, Sphyrapicus thryoideus; Pa, Picoides arcticus; Pv, Picoides villosus;
Pn, Picoides nuttallii; Pp, Picoides pubescens; Ca, Colaptes auratus; Dp, Dryocopus pilea-
tus; European picid species: Jt, Jynx torquilla; Pt, Picoides tridactylus; Dm, Dryocopus
martius; Pc, Picus canus; Pv, Picus viridis; Di, Dendrocopos minor; DI, Dendrocopos leu-
cotos; Da, Dendrocopos major; De, Dendrocopos medius.
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relationship between clutch size and percentage of nests in old or natural holes
within three taxonomic subsets (Sittidae, North American Picidae, and European
Picidae). I provide these analyses because they allow direct visual comparisons
of species within genera. These comparisons within genera control for phylogeny
independent of any hypotheses about phylogenetic relationships (see, e.g., Mgller
and Birkhead 1992). Moreover, by dividing the comparisons among small subsets
of closely related species (i.e., through the use of three taxonomic subsets),
phylogeny effects are further minimized. However, to control fully for phylogeny,
the data were also analyzed using the independent contrast method of Felsenstein
(1985) based on a program by Purvis (1991) and incorporating methods by Pagel
(1992) for incompletely resolved phylogenies. The phylogeny for Picidae was
derived from Short (1971, 1982; L. L. Short, personal communication) and for
Sittidae from Sibley and Ahlquist (1990) (fig. 2). Branch lengths were obtained
by assuming age of taxa were proportional to the number of species they contain
following Grafen (1989). In addition, branch lengths were set as equal to provide
a second more conservative analysis. However, the latter analyses yielded almost
identical results to those obtained under the Grafen (1989) method, which indi-
cates the robust nature of these analyses (also see Martins and Garland 1991).
Consequently, only the results obtained under the Grafen (1989) method are re-
ported. The 22 species yielded 21 independent contrasts that were corrected for
body mass and regressed with respect to clutch size, percentage of nests in old
or natural holes, and numbers of broods. The regression line was forced through
the origin in all cases (Harvey and Pagel 1991; Garland et al. 1992).

RESULTS

Clutch size is strongly related to use of existing holes, when body size is
controlled, in the excavating families in North America and Europe, and the trend
holds within and across genera (fig. 1). Moreover, two species described as usu-
ally using old holes had large clutch sizes associated with their high use of old
holes (fig. 1). When phylogeny is controlled using independent contrasts, these
relationships are still strong: North American Sittidae: r, = 0.999, P = .0119,
n = 3 independent contrasts; North American Picidae: r, = 0914, P = .0006,
n 9; European Picidae: r, = 0.866, P = .0118, n = 7. Analysis of all taxa
simultaneously while controlling for phylogeny and body mass shows clutch size
is highly correlated with the propensity to excavate (fig. 3).

Numbers of broods were positively correlated with clutch size when phylogeny
and body size were controlled (r, = 0.577, P = .0062, n = 21 independent
contrasts), which indicates that species that produced large clutches also tended
to be double brooded more often than species with small clutches. Species with
a greater percentage of their nests in existing holes tended to be double brooded
more often than species that usually excavated new holes (r, = 0.665, P = .0010,
n = 21 contrasts). In short, species that depended on existing holes produced
larger clutches and were double brooded more often as well. Thus, annual fecun-
dity (clutch size times numbers of broods) increased markedly with increasing
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FiG. 2.—Phylogenies of excavator taxa from Short (1971, 1982; L. L. Short, personal
communication) and Sibley and Ahlquist (1990) that are used in comparative analyses.

dependence on existing holes when phylogeny and body size were controlled
(r, = 0.857, P < .0001, n = 21 contrasts).

DISCUSSION

The results support the nest site limitation hypothesis. The a priori prediction
that clutch size should increase with decreasing propensity to excavate as mea-
sured by percentage of nests in old versus new holes existed within and across
excavating taxa and across two continents (figs. 1, 3).



