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Abstract.—Life-history theory predicts that decreased mortality in early life can favor increased
fecundity and reduced iteroparity. Similar to other causes of environmental variation, modifica-
tion of the environment by humans potentially can change age-specific mortality and, hence,
affect life-history evolution. Forests were removed throughout western Europe long ago, and
nest predation (early mortality) is reduced in human-settled environments there, whereas nest
predation is generally increased in areas settled by humans in North America. We controlled
statistically for effects of body size and phylogeny and compared songbirds (Passeriformes) of
Europe to those of North America and found that nest predation was lower in Europe. Associ-
ated with this decrease in early mortality in Europe, fecundity was increased and iteroparity
was reduced via decreased adult survival rates, as predicted by theory. Moreover, continental
differences were greater for species that were more vulnerable to nest predation (open-nesting
species) than for species that used safer nest sites (hole-nesting species). These results suggest
that nest predation can be an important influence on avian life-history evolution but that evolu-
tionary constraints of nest predation may have been reduced in European systems because of
large-scale modification of the environment.

Life-history theory focuses on age-specific mortality in driving the evolution
of fecundity (Cole 1954; Murphy 1968; Schaffer 1974a, 1974b; Hirshfield and
Tinkle 1975; Law 1979; Michod 1979; Charlesworth 1980; Curio 1989). Yet, in
birds, limitation of fecundity by food generally is thought to be a more important
influence on life-history variation (Lack 1948, 1968; Drent and Daan 1980; Martin
1987, 1992; Daan et al. 1990), even though nest predation is a significant source
of mortality in early life (Ricklefs 1969; Martin 1993a). Recent evidence sfiggests
that nest predation may exert a stronger influence on the life history of birds than
conventionally thought (Slagsvold 1982; Martin 1995). Factors that directly affect
nest predation rates potentially then can indirectly affect life-history evolution.
For example, the type of nest site used by bird species affects both nest predation
rates and life-history traits (Martin 1988, 1995; Kulesza 1990; Martin and Li 1992).

Modification of the environment by humans can also affect nest predation rates
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and, thus, potentially can affect life-history traits. For example, most forests
were removed throughout much of Western Europe because of human settlement
hundreds and even thousands of years ago (Mather 1990), and a variety of studies
in Europe show that nest predation is reduced in human-settled environments
compared to forests (Snow 1958; Stjernberg 1979; Tomialojc 1980; Tomialojc et
al. 1984; Piotrowski and Wesolowski 1989; Newton 1993). In contrast, more area
remains forested in North America, and studies show that, if anything, human
settlement can cause increases in nest predation from increases in small generalist
predators such as raccoons, squirrels, and jays (Wilcove 1985; Small and Hunter
1988). The decrease in nest predation in human-settled areas in Europe may
reflect the longer, more gradual settlement of Europe, where nest predators were
heavily hunted and now avoid humans. Regardless of the cause, the difference
between continents leads to the prediction that nest predation rates should be
generally lower in Europe, and, according to life-history theory, decreased early
mortality should favor increased fecundity, reduced iteroparity or survival, and
longer nestling periods (Lack 1948, 1968; Williams 1966a, 1966b; Charnov and
Krebs 1974; Law 1979; Charlesworth 1980; Slagsvold 1982; Bosque and Bosque
1995; Martin 1995; but see Murray 1979, 1985). To test this prediction, we com-
pare nest predation and life-history traits of songbirds (Passeriformes) of Europe
and North America.

METHODS

We gathered published data on the percentage of nests that failed from preda-
tion, plus other life-history traits (clutch size, numbers of broods, length of the
nestling period, annual adult survival probability), for 185 songbird (Passeri-
formes) species. We gathered complete data on 62 species in Europe (see the
appendix) based on data summarized in Cramp (1985, 1989), Saether (1987, 1988,
1989), Ekman and Askenmo (1986), Dobson (1990), and Cramp and Perrins (1993).
Incomplete data for 123 species and complete data for 83 species were gathered
for North America as summarized elsewhere (Martin 1995). We excluded North
American woodpeckers (Picidae) because data from closely related European
species were not available. Annual adult survival probability was estimated using
return rates in many cases, and return rates can underestimate annual survival
probability (see Lebreton et al. 1992; Martin et al. 1995), although such biases
do not appear to be strong for North American data (Martin and Li 1992; Martin
1993b). Return rates are more common for North American than for European
data, indicating that, if anything, North American estimates may be biased some-
what on the low side compared to European estimates. This bias merely creates
a conservative comparison by reducing the chances of finding significant differ-
ences given that annual survival probability is predicted to be higher for North
American than European birds.

Phylogenetic relationships potentially create a problem of nonindependence
among species because closely related species may exhibit similar traits
(Felsenstein 1985; Grafen 1989; Harvey and Pagel 1991; Martins and Garland
1991; Pagel 1994). Differences among continents could simply reflect differences
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in phylogenetic relationships, although the taxa examined here did not simply
reflect two separate branches of a phylogenetic tree for Europe versus North
America (see Garland et al. 1993); species of the two continents were intermingled
in the phylogenetic tree, although not evenly (figs. 1-3). The phylogenetic hypoth-
esis was constructed based on the most recent information available for North
America and Europe (Avise et al. 1980a, 1980b, 1980c; Zink 1982; Johnson and
Zink 1983; Zink and Johnson 1984; Marten and Johnson 1986; Bledsoe 1988;
Johnson et al. 1988; Sibley and Ahlquist 1990; Zink and Avise 1990; Zink and
Dittmann 1991, 1993; Zink et al. 1991a, 1991b; Bermingham et al. 1992; Webster
1992; Gill et al. 1993; Tamplin et al. 1993), as illustrated in figures 1-3.

Data were analyzed in three ways using the independent contrast method of
Felsenstein (1985) and incorporating the methods of Purvis and Garland (1993)
for incompletely resolved phylogenies, based on software described elsewhere
(Martins and Garland 1991; Garland et al. 1993; Purvis and Rambaut 1995). The
independent contrast method calculates differences in trait values on branches of
each node working backward through the entire phylogenetic tree. Values of
ancestral nodes are calculated by averaging the values of traits for branches of a
node weighted by branch length (i.e., a phylogenetically weighted average) (see
Felsenstein 1985). We did not have consistent estimates of branch lengths because
data came from different studies using differing methods, and data were lacking
for many branches. As a result, branch lengths were set as equal, reflecting a
speciational model (see Garland et al. 1993), and also estimated using techniques
described by Grafen (1989) and Pagel (1992). Analyses using these differing
branch length estimates yielded equivalent results in terms of statistical signifi-
cance, but examination of branch length diagnostics (see Garland et al. 1992)
indicated that equal branch lengths were the most appropriate. Absolute values
of contrasts were not related (P > .05) to their standard deviations for any trait
when branch lengths were set as equal.

For the first analysis, independent contrasts were calculated as the difference
in life-history traits between North American versus European taxa because we
were interested in examining differences between continents. Independent con-
trasts were calculated as the difference between the two most closely related
species that occurred on different continents, with the provision that comparisons
could not cause an overlap with branches of other comparisons (Purvis and Ram-
baut 1995). In the simplest cases, the two most closely related species for which
we were able to obtain life-history data lived on different continents (e.g., Troglo-
dytes aedon vs. Troglodytes troglodytes; Cinclus cinclus vs. Cinclus mexicanus;
many other cases; see figs. 1, 2), and differences between the species in these
pairs were the independent contrasts. These comparisons are equivalent to paired
species tests (e.g., Moller and Birkhead 1994). In rare cases, the same species
(e.g., Hirundo rustica) was compared between continents. However, in many
cases, higher nodes were compared rather than simple species pairs. If all species
within a clade for which data were available were from the same continent, then
these species could not be considered independent, and life-history traits were
estimated using a phylogenetically weightéd average as described above. This
phylogenetically weighted averaging was calculated backward in the phylogenetic



Picus canpys =
Picus viridis *

ocopus pileatus
&ocopus martius =
dlaptes auratus,
endrocopus major =
endrocopus leuCotos =
endrocopus medius *
endracopus minor *
NQJrocopus syriacus =

C

borealis
pubescens
cojdes nuttallii |
stricklandi
co|des ajbolarvatus
co|des vi|losus
tridgctylus
coides, arcticus
phyrapjcus thyroideus
hyrapj|cus varius
hyrapicus ruber,
nerpes formicivorus
anerpes carolinus
anerpes erythrocephalus
anerpes uro;%yglolls
anerpes aurifrons
nx torquilla =
rannus’ tyrannus
rannus verticalis
rannys vociferans
ayornis phoebe
mpjdonax difficilis
mpjdonax flavescens,
mpjdonax oberholseri
mpjdonax traillii
pidonax alnorum
ontopus virens
on(%)us boreolis
mpjdonax viregscens
mpidonax minimus
Lanius ludovicianus
orvus caurinus
orvus brachyrhynchos =
ovus corone =
orvus monedula =
orvus fruglle%us *
rrhocorax phyrrhocorax =
ﬁr(hocomx racylus =
ucifraga columbiana
Aphelogoma goerulescens
yanocitta cristata
mnorhinus cyanocephalus
ica pica »
Pica nuttalli .
Garrulus ,?Io_ndonus

ZUVNN T U O VIO UTC
OO

T
co0oO®

0 gilyus .
Vireo §hulgdelphlcus
ireo bellii
Vireo atricapillus
ombycjlla garrulus
;CI"O edrorum
|nclus mexicanus
InGlus cinclus =
|alla sialis |
lalja currycoides
Sialig mexicana .
Myadestes townsendi
Hylocichla mystelina
Gatharus minimus
katharus guttatus
Gatharus fuscescens
~atharus ustulatus
Jurdus migratorius
Turdus meryia »
Turdus pilgris =
urdus philomelos *
rdus iljacus =
yrdus visciyorus =
icedula albicollis =
icedula hypoleuca, *
hoenicurds phoenicurus *
scinia megarhynchos =
qxicola rube
rithacus rubecula *
turnus vulgarig * |
umetellg carolinensis
reoscoptes montanus
imus polyglottos
oxostoma dorsgles
oxostoma rediyivum
oxostoma curvjrostre
:Foxcs(omo longirostre
oxostoma rufum
Figure 2

OO‘IY"K/’C_U ‘H:

A

Fic. 1.—Phylogenetic hypothesis for the taxa being compared for analyses presented in
this article. Asterisks denote European species; unmarked species are North American.
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Fic. 2.—Phylogenetic hypothesis for the taxa being compared for analyses presented in
this article. Asterisks denote European species; unmarked species are North American.
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