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S  , such as bright plumage and 
courtship signals, are generally thought to evolve through sexual 
selection (Andersson ), which 
requires variance in male mating 
success to operate (Arnold ). 
More than % of all birds are socially 
monogamous (Lack ) and, 
therefore, are expected to exhibit low 
variance in mating success and weak 
sexual selection; yet, paradoxically, 
many socially monogamous birds 
show the stamp of strong sexual 
selection in such traits as exaggerated 
plumage ornamentation and courtship 
displays. Although Darwin () 
suggested alternatives (Webster et 
al. ), numerous recent genetic 
studies have suggested that extrapair 
paternity (EPP) may be the most likely 
resolution of this apparent paradox: if 
copulations outside of the pair bond 
are common, then variance in mating success may be far larger, and 
sexual selection much stronger, than suggested by social pairing 
success alone (Webster et al. ). Indeed, <% of birds studied to 
date are genetically monogamous (Griffith et al. ), and studies 
have shown that EPP can generate strong sexual selection in socially 

monogamous systems (e.g., Albrecht et al. , Webster et al. ). 
However, despite two decades of work, we have only rudimentary 

understanding of the factors that 
lead to variation in EPP rates across 
populations (Griffith et al. , 
Westneat and Stewart , Neudorf 
).

Conclusions regarding the 
role of EPP in sexual selection, 
however, must be taken with a large 
and important caveat, the so-called 
“temperate zone bias” (Stutchbury 
and Morton ): most studies have 
focused on temperate-zone birds, only 
a handful looking at tropical species. 
Given that most birds, by far, live and 
breed in the tropics, this omission 
is critical (see Martin , ). 
Without a better understanding of 
the prevalence of factors contributing 
to EPP in tropical species, our ability 

to generalize about EPP and its role in sexual selection among 
socially monogamous species will remain limited.

Despite the widely recognized lack of empirical data, tropical 
species are generally considered to have lower rates of EPP 
than temperate species. For example, Stutchbury and Morton 

“Studies of temperate species 
have failed to resolve the…

ecological and life-history factors 
that are hypothesized to affect 
EPP rates…. [T]ropical species 

will allow phylogenetically robust 
tests of these hypotheses on a scale 
that cannot be matched by studies 

of temperate species alone.”
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(:) stated that “while extra-pair mating systems are the 
norm for temperate zone passerines, this is not true for tropical 
birds.” If this is true, a lower rate of EPP in tropical systems has 
important implications for our understanding of the role of EPP 
in sexual selection and of the ecological and life-history factors 
that drive interspecific variation in EPP. Here, we critically review 
the evidence and conclude that general statements about the 
relative frequency of EPP in tropical birds are premature, given 
the small amount of data currently available, as well as the breadth 
of life histories and habitat types encompassed in the tropics. We 
argue that rigorous studies of EPP in both tropical and temperate 
systems will lead to a better understanding of the ecological 
causes and evolutionary consequences of these mating patterns 
and the operation of sexual selection (see also Stutchbury and 
Morton , ). Indeed, there are good theoretical reasons 
to expect EPP rates to be lower in at least some tropical systems, 
and a comparison of temperate and tropical systems could shed 
considerable light on the factors driving variation in EPP across 
populations. 

ARE TROPICAL BIRDS DIFFERENT?

First, we will critically review the evidence used to infer that rates of 
EPP are lower in tropical birds than in species that breed in the tem-
perate zone. We define “tropical region” as the area lying between 
the Tropic of Cancer ( 'N latitude) and the Tropic of Capricorn 
( 'S latitude).

Direct measures of extrapair paternity rates.—In stark con-
trast to the many studies of temperate-zone birds, rates of EPP 
have been directly measured in only a small handful of tropical 
species. Stutchbury and Morton () reviewed the available  
evidence (n =  tropical species) and concluded that EPP is less 
common in the tropics than in the temperate zone (see also 
Spottiswoode and Møller ). However, as Stutchbury and 
Morton themselves emphasized, this sample size is far too small 
for firm conclusions because it represents <.% of the ~, spe-
cies of tropical terrestrial birds (passerines and nonpasserines; 
Hawkins et al. ), as compared with ~ temperate-zone species 
(% of ~, species; Hawkins et al. ) that have been studied 
with genetic markers. 

We have conducted a slightly expanded review that includes 
recent and unpublished studies, bringing the total number of 
socially monogamous tropical species for which data are avail-
able to . !ese data (Table ; see also Stutchbury and Morton 
) suggest that EPP rates in tropical birds span a broad range  
and may be roughly equivalent to those found among temperate-
zone species: on average, .% of young are sired by extrapair 
males and .% of broods contain such young in tropical spe-
cies, versus .% of young and .% of broods in temperate spe-
cies (data on temperate species from appendix  in Griffith et al. 
). Indeed, although EPP rates are very low in some tropi-
cal passerines (e.g., Dusky Antbird and Palila), in others (e.g., 
Red-backed Fairy-wren, Lesser Elaenia, and Blue-black Grass-, and Blue-black Grass-
quit) rates are as high as, or higher than, those documented) rates are as high as, or higher than, those documented 
in most studies of temperate-zone species (see Table  for sci-
entific names of species). However, it is important to consider 
the means calculated for tropical birds cautiously, because few 
tropical species have been studied and because most studies of 

tropical species are based on very small sample sizes (Table ), 
which has an important effect on the statistical confidence of 
EPP rate estimates (Griffith et al. ). Further, the few species 
that have been studied are taxonomically restricted and, in some 
cases, may have been chosen for study because of a-priori expec-
tations about their level of promiscuity and are, therefore, not a 
representative subset of the entire suite of species found in the 
tropics. !us, currently it is impossible to draw firm conclusions 
of general patterns based on studies that have directly measured 
EPP rates in tropical birds.

Indirect evidence from testes size data.—Relative testes size 
has been found to correlate with EPP rates across a number of 
species, likely because sexual promiscuity can lead to increased 
sperm production (Møller and Briskie ). Accordingly, testes 
size has been used as an index of EPP in several comparative anal-
yses in birds (e.g., Dunn et al. , Pitcher et al. ). In an early 
and influential analysis, Stutchbury and Morton () found that 
males of tropical species have relatively smaller testes than males 
of temperate species (see also Garamszegi et al. ), which sug-
gests that EPP rates are lower in the tropics than in the temperate 
zone (Stutchbury and Morton , ). Similarly, a study of 
seven lowland Neotropical passerines also found that these gen-
erally have lower testosterone concentrations and smaller gonads 
than temperate-zone birds (Wikelski et al. a). Indeed, testos-
terone levels appear to be generally low in tropical birds and may 
also reflect low levels of EPP (Garamszegi et al. ). However, 
the link between testes size in tropical species and EPP remains 
weak, and there are good reasons to question the use of testes size 
in tropical birds as an indication of EPP level.

First, the physiology that regulates reproduction and other 
activities in tropical birds has yet to be understood. !ere is good 
evidence that metabolic parameters differ markedly between trop-
ical and temperate organisms, such that sedentary tropical birds 
exhibit intrinsically low energy-expenditure levels in comparison 
with temperate birds (Wikelski et al. b). Accordingly, gonad 
size may not define the expression of behaviors typically exhib-
ited by temperate birds in this context, and tropical birds may 
maintain low testosterone levels and small gonads as an energy-
conserving strategy (Wikelski et al. b) without reductions  
in EPP effort (see van de Crommenacker et al. ). In this vein, 
detailed studies of the mechanisms underlying extrapair mating 
behavior in tropical birds, comparable to those conducted with tem-
perate birds (e.g., Raouf et al. , Peters ), are badly needed.

Second, evidence for a general latitudinal trend in testes size 
is equivocal. Since Stutchbury and Morton’s () study, more 
extensive analyses have been conducted on the relationship between 
testes size and latitude. !e most comprehensive analyses to date 
(Pitcher et al. ) used data from >, species of birds distrib-
uted across the world and did not find a general latitudinal pattern 
in testes size. Moreover, Pitcher et al. () found that geographyMoreover, Pitcher et al. () found that geography() found that geography 
may confound simple analyses of latitudinal trends: testes size was 
larger in taxa from Eurasia and smaller in those from Australasia 
and South and Central America, and earlier analyses of testes size 
did not control for this geographic effect. Pitcher et al. () also 
uncovered other correlates of testes size that may confound con-
clusions about latitude. For example, testes size was also positively 
correlated with clutch size, which famously varies with latitude 
(Lack ). 
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In addition, recent methodological concerns have cast doubt 
on the accuracy of data used in many of the comparative analyses 
discussed above. Calhim and Birkhead () compared published 
results generated by analyses of relatively large data sets that have 
used various methods of measuring testes size with results of iden-
tical analyses using a smaller, higher-quality data set compiled by 
the authors. !ey found numerous inconsistencies in the qualita-
tive results of these analyses, including the basic finding of Møller 
and Briskie () that species with higher EPP levels have larger 
testes. In sum, it is not clear that testes size correlates with either 
latitude or EPP rates, so this evidence should not be used (yet) to 
make inferences about the latter. 

Indirect evidence from patterns of sexual dichromatism.—In a 
similar vein, broad patterns of sexual dichromatism might be used 
to argue that tropical species have lower rates of EPP. First, some 
interspecific comparative analyses (Møller and Birkhead , 
Dunn et al. ) have indicated that male plumage brightness and 
sexual dichromatism are positively associated with frequency of 
EPP. An analogous pattern has also been found within several spe-
cies (i.e., more brightly colored males obtaining more EPP; reviewed 
in Griffith et al. ). Finally, sexual dichromatism appears to be 
less pronounced in tropical birds than in temperate species (Bailey 
, Badyaev and Hill ), and also less pronounced in resident 
than in migratory species (Fitzpatrick ). Taken together, this 
evidence would suggest that EPP is less common in (resident) tropi-
cal species than in (migratory) temperate species.

However, for several reasons, firm conclusions about rates of 
EPP are difficult to draw from analyses of sexual dichromatism. 
First, in a large-scale comparative study, Dunn et al. () found 
that sexual dichromatism was more closely tied to social mating 
system than to EPP, calling into question the causal connection 
between EPP and plumage ornamentation. Latitudinal differences 
in sexual dichromatism may also reflect variation in the action 
of natural selection, rather than sexual selection—for exam-
ple, if predation rates on adults vary systematically (Martin and  
Badyaev , Badyaev and Hill ). Indeed, in some avian taxa, 
female plumage coloration (dull vs. bright) is more evolutionarily 
labile than that of males (usually bright), which suggests that it is  
selection acting on females, rather than sexual selection acting on 
males, that determines the degree of sexual dichromatism (Irwin 
, Burns ). Moreover, many early studies that reported a 
latitudinal trend in sexual dichromatism did not control for phy-
logeny. Cardillo () analyzed  phylogenetically indepen-
dent pairs of species that differed in breeding range and found no 
relationship between degree of sexual dichromatism and latitude, 

which indicates that there is no consistent pattern in the variation 
of dichromatism between temperate and tropical species. Finally, 
there are reasons to be concerned about the interpretation of data 
used in earlier comparative studies: Eaton () demonstrated 
that a large number of species that appear, to human observers, 
to be sexually monochromatic are actually sexually dichromatic 
when viewed through the avian visual system, and most previous 
studies had not taken this into account. !us, as with analyses 
of testes size, patterns of sexual dichromatism cannot currently 
be used to reach any conclusions about the importance of EPP in 
tropical systems compared with those at higher latitudes.

SHOULD TROPICAL BIRDS BE DIFFERENT?

Above, we have argued that it is premature to conclude that EPP 
is less common in tropical than in temperate birds. !at being 
said, several hypotheses have posited that various ecological fac-
tors should have a strong influence on EPP rates (below). Given 
the substantial ecological and life-history variables that correlate 
with latitude (Martin , Stutchbury and Morton ), some 
of these hypotheses would indeed predict differences in EPP rates 
between some tropical and temperate systems. 

It is important to recall, however, that the tropics encompass 
a diverse array of habitat types (Green ), ranging from tropi-
cal rainforests (typically between about  S and  N) with heavy 
rain throughout the year, through monsoon climates with rainfall 
concentrated in the hottest parts of the season, to highly seasonal 
regions (e.g., most tropical savannas) where there is variation in 
daylight hours and monthly temperatures as well as pronounced 
rainy and dry periods. !e tropics also encompass desert biomes, 
generally between   and   in both hemispheres, where repro-
duction of plants and animals tends to be highly synchronized 
with the rains, and resident and nomadic species may differ in their 
reproductive strategies. Finally, the tropics also include alpine hab-
itats reaching up to permanent glaciers where strong seasonality in 
weather regimes and breeding can be expected.

In addition to outlining how the hypotheses described below 
predict latitudinal variation in EPP rates, we also focus on how 
they predict differences between relatively seasonal versus rela-
tively aseasonal tropical systems. Although other contrasts are  
certainly possible among tropical species, this broad division into 
seasonal versus aseasonal systems can be seen as a first step toward 
acknowledging the diversity contained within the tropics.

Five key hypotheses attempt to link EPP rates to underlying eco-
logy or life-history traits (Table ). Below, we summarize how each 

TABLE 2. Predictions for five hypotheses that relate ecological or life-history traits of birds to extrapair paternity (EPP) rates for two tropical environments 
(low versus high seasonality) and the temperate region.

Low-seasonality tropics High-seasonality tropics Temperate region

Hypothesis Value EPP rates Value EPP rates Value EPP rates Referencea

Breeding-synchrony Low Low High High High High 1
Rapid-pair-formation Not rapid? Low Rapid? High Rapid High 2
Breeding-density Low Low High? High? High High 3
Adult-mortality Low Low Low Low High High 4
Female-constraint High Low Low High Low High 5

aReferences: (1) Stutchbury and Morton 1995; (2) Westneat et al. 1990; (3) Birkhead 1979; (4) Mauck et al. 1999, Wink and Dyrcz 1999; and (5) Gowaty 1996.; (3) Birkhead 1979; (4) Mauck et al. 1999, Wink and Dyrcz 1999; and (5) Gowaty 1996. Birkhead 1979; (4) Mauck et al. 1999, Wink and Dyrcz 1999; and (5) Gowaty 1996.; (4) Mauck et al. 1999, Wink and Dyrcz 1999; and (5) Gowaty 1996.Mauck et al. 1999, Wink and Dyrcz 1999; and (5) Gowaty 1996.; and (5) Gowaty 1996.
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might predict broad-scale differences between tropical and temper-
ate species. Our intent is not to thoroughly review the hypotheses 
for variation in EPP rates, because this has been done elsewhere (e.g., 
Griffith et al. , Neudorf ). Rather, we wish to highlight some 
possibly important contrasts between tropical and temperate birds, 
as well as among tropical species, to spur further research. Even 
among temperate species where they have been relatively well tested, 
none of these ecological hypotheses has found universal support, 
and there is little general understanding of the relative importance 
of each hypothesis or the interplay between them. We suggest that 
the increased breadth of life-history and ecological variation found in 
the tropics can be exploited, via phylogenetically robust comparative 
studies among tropical species and between tropical and tem-
perate species, to help distinguish between these currently unre-
solved hypotheses (see also Stutchbury and Morton ). 

!e breeding-synchrony hypothesis.—!e breeding-synchrony  
hypothesis proposes that EPP rates should correlate with breed-
ing synchrony (Stutchbury and Morton ; Table ), perhaps  
because females are better able to compare males in highly syn-
chronous species (Stutchbury a, b) or because male paren-
tal care conflicts with seeking EPP (Schwagmeyer and Ketterson 
). Because many tropical species in relatively aseasonal tropi-
cal habitats (e.g., rainforests) typically have more extended breed-
ing seasons (Wyndham ), breeding synchrony is likely to be 
lower than that of many temperate-zone breeders and, accordingly, 
EPP is expected to be lower (Stutchbury and Morton ).

Support for the breeding-synchrony hypothesis among tem-
perate species has been mixed. Although some empirical studies 
have supported the breeding-synchrony hypothesis by showing that 
extrapair matings increased with breeding synchrony (Stutchbury 
a, b; Chuang et al. ; Stutchbury et al. ), other studies 
and more extensive comparative analyses have failed to uncover this 
relationship (Yezerinac and Weatherhead , Westneat and Gray 
, Saino et al. , Westneat and Mays ). Moreover, a meta-
analysis of  studies found that the level of EPP actually decreased 
significantly when synchrony increased (Møller and Ninni ). 
!us, the breeding-synchrony hypothesis has not gained general  
acceptance as a single and broad explanation for the varying degrees 
of EPP in monogamous birds of temperate regions (Westneat and 
Sherman , Griffith et al. , Westneat and Stewart ). 

!e widespread premise that tropical species are less syn-
chronous than temperate-breeding species has frequently been 
used when applying the breeding-synchrony hypothesis to tropi-
cal birds. Although this assumption is logical for birds breeding 
in aseasonal tropical habitats, for birds breeding in more seasonal 
tropical habitats there is little reason to expect that synchrony 
would differ from that of temperate species (Stutchbury and Morton 
). For example, a study of  bird species in montane forest in 
Argentina found that the average breeding-season duration was 
only  days, which is comparable to that of many northern tem-
perate birds (Auer et al. ). !e broad range of habitats and 
species found in the tropics highlights the error of attempting to 
generalize about “tropical” species as if they were a homogeneous 
group; for example, breeding synchrony varies substantially (by 
–%) among the few studied tropical species (Table ). 

Importantly, this substantial variation among tropical spe-
cies could be exploited in a comparative framework to test the 
hypothesis and assess the influence of breeding synchrony on EPP 

rates. Initial studies of this sort have begun. For example, Stutchbury 
and colleagues (Stutchbury et al. , ) found relatively high 
EPP rates in two tropical species (Clay-colored !rushes and Lesser 
Elaenias; Table ), both of which were predicted, a priori, to have 
high EPP rates owing to relatively synchronous breeding. Unfortu-
nately, too few tropical species have been studied, to date, for robust 
comparative tests and, similarly, it is not yet possible to control for 
the possible effects of other factors (see below).

!e rapid-pair-formation hypothesis.—Extrapair paternity 
rates may also be related to latitude if migratory species (which 
mostly breed at high latitudes) are forced to find reproductive 
partners rapidly after settling on the breeding grounds, because 
this could lead to pairing “mistakes,” with many females paired to 
low-quality males (Westneat et al. , Spottiswoode and Møller 
; Table ). Although this rapid-pair-formation hypothesis has 
been suggested as an alternative explanation for the relationship 
between EPP and breeding synchrony (Yezerinac and Weatherhead 
), it has been criticized because, in monogamous species, 
rapid pairing will likely not alter the proportion of females paired 
to low-quality males (Stutchbury and Morton ). However, this 
hypothesis may hold if female mating preferences are not consis-
tent across females—for example, if females choose on the basis of 
genetic similarity to their potential reproductive partners (Mays 
and Hill ), in which case females may have difficulty in find-
ing suitable partners if pairing occurs rapidly. To the extent that 
this hypothesis is valid, we expect it to predict lower rates of EPP 
among birds from aseasonal tropical habitats than among migra-
tory species that are found in both highly seasonal tropical habi-
tats and in the temperate zone (Table ). 

Both the breeding-synchrony and rapid-pair-formation 
hypotheses predict lower rates of EPP in tropical birds than in 
temperate species, because the former tend to be resident (non-
migratory) species with extended breeding seasons (Spottiswoode 
and Møller ). Variation among tropical species could be used 
to test and tease apart these hypotheses. For example, the Red-
backed Fairy-wren is a nonmigratory tropical species with an 
extended breeding season, but pair formation appears to be rapid 
in this species (unpaired females attract unpaired helpers from 
nearby territories and typically pair within a few hours; Karubian 
; see also Pruett-Jones and Lewis ). Extrapair paternity 
rates in this species are very high (Webster et al. ), and rapid 
pair formation is one possible explanation. Altitudinal migrants 
in tropical forests may also prove informative in attempting to dis-
tinguish between these hypotheses, because they likely will exhibit 
marked variation in length of breeding seasons, speed of pair for-
mation, and rates of EPP.

!e breeding-density hypothesis.—!e breeding-density hypo-
thesis proposes that as the density of breeding individuals increases, 
there will be more opportunities for interactions among individu-
als and, possibly, also reduced search costs for females, leading to a 
higher frequency of extrapair fertilizations (Birkhead , Møller 
and Birkhead ). !is hypothesis has received mixed support 
from studies of temperate species (sensu Westneat and Sherman 
). Tropical species of lowland rainforest communities tend to 
breed at lower densities than temperate-zone species (Terborgh  
et al. , but see Robinson et al. ) and, accordingly, this 
hypothesis predicts generally lower rates of EPP in aseasonal 
tropical habitats. However, because many species form relatively 
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dense aggregations in seasonal tropical habitats, this hypothesis 
predicts relatively high rates of EPP in these habitats (Table ). In 
agreement with this, some of the tropical species in Table  from 
highly seasonal environments (e.g., Blue-black Grassquit and Red-
backed Fairy-wren) breed at relatively high densities and have high 
rates of EPP.

Adult-mortality hypothesis.—It has been suggested that adult 
male survival should be negatively correlated with variance in male 
reproductive success, which, by extension, suggests that species 
with high annual mortality rates should have higher rates of EPP 
(Mauck et al. , Wink and Dyrcz ). !ere are several inter-
related reasons to expect a connection between longevity and EPP. 
First, in species with high annual mortality, females are less likely 
to suffer retaliations from their social mates if they seek extrapair  
copulations (Mauck et al. ), because males that desert their 
social mates because of uncertain paternity will have limited 
chance of breeding in future reproductive events. Second, basic 
life-history theory also indicates that, in longer-lived species, each 
single breeding attempt is less valuable and, hence, individuals 
should invest less effort into breeding, possibly including less effort 
in seeking EPP, than shorter-lived species (Martin ). Finally, 
the value of long-term cooperative pair bonds will be relatively 
high in species with low adult mortality if mutual experience leads 
to higher reproductive success for the pair, and this may result in 
a higher degree of fidelity and lower EPP in such species than in 
those with high adult mortality (T. E. Martin pers. comm.). 

An association between longevity and EPP has been supported 
by comparative analyses (Arnold and Owens , Bennett and  
Owens ). Although biotic factors such as disease, competition, 
and parasitism are expected to increase mortality among tropical 
species (Moreau ), it is generally accepted that adults of tropical 
species have higher survival, on average, than their temperate-zone 
counterparts (Martin ). !us, the adult-mortality hypothesis 
would predict a higher rate of EPP in the temperate zone than in the 
tropics, though how widely this would extend to montane and other 
seasonal habitats in the tropics is unknown. However, we should 
again underscore that there is considerable variation in longevity in 
the tropics (T. E. Martin unpubl. data), which would also allow this 
hypothesis to be tested through comparisons across tropical species. 

!e female-constraint hypothesis.—Gowaty () proposed 
that female pursuit of EPP may be constrained by the necessity of 
male parental assistance. If so, EPP rates should be low in popula-
tions where male parental assistance is important and high where 
females rely less on male parental assistance (Albrecht et al. ). 
!is hypothesis has been supported in some studies of temperate 
species (Mulder et al. , Hoi-Leitner et al. , Whittingham  
and Dunn ). Tropical systems show a wide diversity of paren-
tal-care patterns, but typically parental feeding rates (per nestling) 
appear to be higher in the tropics than in the temperate zone (e.g., 
Martin et al. ). !is, in turn, suggests that male parental assis-
tance may be more important in the tropics than in temperate-zone 
systems and, accordingly, this hypothesis generally predicts lower 
rates of EPP in the tropics. !is may be especially true for tropi-
cal species inhabiting lowland rainforests with little seasonality 
of resources, where high adult survival may lead to resource limita-
tion during breeding (see Ashmole ). Tropical species inhabiting 
more seasonal habitats typically breed when resources peak, simi-
larly to temperate-region birds. 

Comparative tests of the female-constraint hypothesis are 
complicated by the fact that the relative benefits to males of paren-
tal care versus EPP also will likely vary across species (Magrath and 
Komdeur ). Consequently, an interspecific correlation between 
EPP rates and male parental assistance might arise not because of 
constraints on females, but rather because males are selected to 
shift investment from one reproductive activity to the other. Strong 
tests of this hypothesis, therefore, will most likely come from  
intraspecific studies of tropical as well as temperate species—for 
example, through careful calculations of fitness benefits of alterna-
tive behaviors to both males and females. Similarly, in cooperatively 
breeding monogamous species, the presence of auxiliary helpers 
may reduce constraints on females, and possibly also fitness conse-
quences for males, which may explain why the presence of helpers 
appears to affect EPP rates in some species of fairy-wren (Mulder 
et al. , Webster et al. ). Finally, experimental approaches 
can be used to manipulate constraints imposed by reduced parental 
assistance by males (e.g., Hoi-Leitner et al. ).

CONCLUSIONS

We know remarkably little about mating systems of tropical birds. 
For this reason, it is premature to make any generalizations about 
the relative prevalence and importance of EPP in these systems. 
!is is especially true when one considers the tremendous breadth 
of habitats and life histories found in the tropics. !ere is an urgent 
need for additional research on tropical species, not just because 
of the basic information it will provide, but also because it has the 
potential to significantly advance our understanding of the fac-
tors affecting EPP and sexual selection in birds (Stutchbury and 
Morton , ; Tori et al. ). Interestingly, many of the 
hypotheses put forth to explain interspecific variation in EPP 
predict generally lower levels of EPP in the tropics (Table ), but 
also considerable variation among tropical species (e.g., species 
in highly seasonal habitats versus those in relatively aseasonal  
habitats). Finding high levels of EPP in species expected to have low 
levels, as predicted by several hypotheses for species that occur in 
the “low-seasonality tropics,” may be surprising. In fact, most of 
the hypotheses predict similar rates of EPP for tropical species 
in highly seasonal habitats and for species in the temperate region, 
and divergence from these predictions in tests of the various hypo-
theses should spur the development of further models. 

A rigorous examination of the hypotheses described above 
could be approached in several ways. One approach is to examine 
whether EPP rates differ between tropical congeners that vary 
fundamentally in only one key aspect—for example, the study 
by Stutchbury et al. () that examined EPP in two species of 
tropical elaenia that differ primarily in breeding synchrony. Alter-
natively, one might examine a single species that occupies a wide 
range of latitudes, seasonality regimes, and habitats. For example, 
a species such as the Blue-gray Tanager (!raupis episcopis), which 
occurs from southern Mexico to northeast Bolivia and in all of the 
Amazon basin, is found in a variety of habitats, including forest 
edge, open woodland, and cultivated areas (Hilty ). An alter-
native approach would be to examine specific groups of tropical 
birds that share a common key life-history parameter. For exam-
ple, thamnophilids, formacariids, and furnariids exhibit extensive 
male parental care, which may be associated with reduced rates 
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of EPP, independent of breeding synchrony. Species that breed in 
montane tropical habitats would provide excellent opportunities 
to test many of the above hypotheses, because they exhibit large 
variations in their social and mating systems while having a high 
degree of breeding synchrony (e.g., Niklison et al. ) and high 
nesting density, in addition to high adult survival (e.g., –% 
annual adult survival estimates based on a six-year study in mon-
tane Venezuela; T. E. Martin unpubl. data). It is certainly possible 
to examine populations of the same species breeding in different 
altitudes that may vary in several breeding parameters that could 
be used to test the various hypotheses. Finally, single-species field 
studies of tropical as well as temperate species that, for example, 
experimentally manipulate key ecological variables, are needed to 
adequately tease apart the alternative hypotheses (Spottiswoode 
and Møller ).

Studies of temperate species have failed to fully resolve the rel-
ative importance of, or interactions among, ecological and life-his-
tory factors that are hypothesized to affect EPP rates, likely because 
of the limited ecological variation exhibited by these species. Tropi-
cal birds show considerable variation in a number of key ecological 
parameters and will likely vary greatly in genetic mating systems as 
well (Stutchbury et al. ). Further study of tropical species will 
allow phylogenetically robust tests of these hypotheses on a scale 
that cannot be matched by studies of temperate species alone. 
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