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LATE SUMMER AND FALL NESTING IN THE ACORN
WOODPECKER AND OTHER NORTH AMERICAN
TERRESTRIAL BIRDS

WALTER D. KOENIG' AND JUSTYN T. STAHL

Hastings Reservation and Museum of Vertebrate Zoology, University of California Berkeley, 38601 E. Carmel
Valley Road, Carmel Valley, CA 93924

Abstract.  Acorn Woodpeckers (Melanerpes formicivorus) at Hastings Reservation in
central coastal California exhibit a bimodal peak in annual breeding activity. One peak
occurs in spring during which the majority of breeding takes place, while a second is
centered in late August as the new acorn crop matures. These latter nests are mostly
initiated in late summer but often do not fledge until at least late September and are thus
referred to here as ‘fall’ nests. Fall nests occur in about one-third of all years, taking place
when the acorn crop is large and summer temperatures are relatively high. Fledglings
from fall nests constitute 4.3% of the population’s total productivity and survive and
recruit to the population at levels comparable to spring fledglings. Fall nesting is less
likely in groups in which either the male or female breeding adults have undergone
a change from the prior year, but groups are otherwise indistinguishable. Ecologically, fall
nesting is closely tied to the acorn crop and thus to breeding success in the following,
rather than the prior, spring. Among North American terrestrial birds in general, fall
breeding has been reported in 16% of all species and is significantly more common among
residents and colonially nesting species, in which the frequency exceeds 25%.
Furthermore, fall nesting is likely to have been underreported in the literature. Thus,
this phenomenon is at least an irregular part of the breeding biology of a substantial
fraction of North American birds and should be considered a possibility in population
studies of temperate-zone species. This is especially true given that fall nesting is likely to
increase as global warming takes place.

Key words:  Acorn Woodpecker, autumnal breeding, breeding phenology, demography,
late nesting, Melanerpes formicivorus.

Nidificacion a Fines del Verano y Durante el Otono en Melanerpes formicivorus 'y Otras Aves
Terrestres Norteamericanas

Resumen. En la Reserva Hastings de la costa central de California, el carpintero
Melanerpes formicivorus exhibe un patréon bimodal en su actividad reproductiva anual.
Un pico durante el cual ocurre la mayor parte de la actividad reproductiva tiene lugar en
la primavera, mientras que un segundo pico se presenta a fines de agosto, cuando las
bellotas comienzan a madurar nuevamente. Estos ultimos nidos son iniciados en su
mayoria a fines del verano y en la mayoria de los casos los polluelos no abandonan el
nido hasta fines de septiembre, por lo que a estos nidos los llamamos nidos de “otofio”.
Los nidos de otono son observados en aproximadamente un tercio de los afios, y se
presentan cuando la produccion de bellotas es alta y las temperaturas durante el verano
son relativamente altas. Los polluelos que provienen de nidos de otofio constituyen el
4.3% de la productividad total de la poblacion y sobreviven y se incorporan a la
poblacion a tasas similares a las de los polluelos de primavera. La probabilidad de que
ocurra nidificaciéon de otofio es menor en grupos en los que el macho o la hembra de
una pareja reproductiva han cambiado con respecto al afio anterior, pero en otros
aspectos dichos grupos no pueden distinguirse. Ecoldégicamente, la nidificaciéon de otofio
se relaciona fuertemente con la produccion de bellotas y por end e con el éxito
reproductivo del afo siguiente y no con el de la primavera anterior. En general, entre las
aves terrestres de Norteamérica, se ha reportado que el 16% de todas las especies
exhiben nidificacion de otofio, y que este comportamiento es significativamente mas
comun entre las aves residentes y las que nidifican en colonias, grupos en los cuales la
frecuencia de nidificacion de otono excede al 25%. Ademas, es probable que la
nidificacion de otofio haya sido subestimada en la literatura. Por esta razon, al menos de
forma irregular, este fenomeno es parte de la biologia reproductiva de una fraccion
importante de las aves de Norteamérica, y deberia ser considerado como una posibilidad
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en los estudios poblacionales de las especies de zonas templadas. Esto es especialmente
importante ya que la nidificacion de otofio probablemente aumentara con el

calentamiento global.

INTRODUCTION

Of the various facets of the breeding biology of
North American birds, the distribution of
nesting within the breeding season, including
the frequency and potential for late summer
and fall nesting, is one of the least well known.
These late nests will, for simplicity, be referred
to subsequently as ‘fall’ nests. The reason for
this is no mystery: in temperate climates most
breeding takes place in the spring and summer.
Thus, little attention generally has been devoted
to the possibility of fall nesting. It has, however,
been recognized for over half a century that
many resident species experience a period of
active sexual behavior in the fall, at which time
the gonads enlarge and some individuals may
achieve spermatogenesis (Marshall 1952, 1959).
Furthermore, records of autumnal breeding
have been scattered throughout the literature
for years. For example, unusually large num-
bers of nests were observed for at least seven
species in Britain during November—December
1953 (Snow 1955), and Orians (1960) briefly
summarized records of fall nesting for 11
species in California in his discussion of the
phenomenon in Tricolored Blackbirds (Agelaius
tricolor). In both of these cases, fall nesting was
attributed to environmental conditions, partic-
ularly relatively mild temperatures. However,
the extent and causes of fall breeding remain to
be determined for the majority of temperate
species.

Here we examine in detail the phenomenon
of fall breeding in the Acorn Woodpecker
(Melanerpes formicivorus), a species highly de-
pendent on acorns that sometimes breeds in the
late summer and fall in California (Koenig,
Stacey et al. 1995). In particular, we expand on
an earlier discussion of fall nesting in this
species (Koenig and Mumme 1987) by analyz-
ing the factors responsible for the occurrence
and frequency of fall nesting as well as the fate
of fall fledglings. We also compile a list of fall
nesting records for North American terrestrial
birds, with the aim of encouraging greater
attention to documenting the distribution of
breeding attempts of North American birds and
increasing awareness of the potential for

breeding outside the ‘usual’ spring and early
summer season.

METHODS

ACORN WOODPECKER STUDY

Acorn Woodpeckers are cooperative breeders
that have been continuously studied at Hastings
Reservation, Monterey County, California,
since 1972 (MacRoberts and MacRoberts
1976, Koenig and Mumme 1987). Throughout
this long-term study, we have attempted to find
all nesting attempts by the individually color-
marked population of between 25 and 50
resident groups over an area of approximately
300 ha; nests followed between fall 1974 and
fall 2005 are included in the analyses performed
here (31 complete years plus fall 1974). Al-
though a few nesting attempts were missed,
even in spring, our continuous surveys of the
population confirm that this was invariably
a small proportion of successful nests. Because
egg-laying is in some cases a protracted affair
involving egg destruction by joint-nesting fe-
males (Koenig, Mumme et al. 1995), we report
estimated or known last egg date rather than
the more commonly used first egg date. Sample
sizes sometimes vary among analyses depending
on the precise sample of nests and groups for
which relevant information was known.
Between 1972 and 2005 the fate of 3194 birds
banded as nestlings was determined. We com-
pared the success of spring vs. fall fledglings in
two ways. First, we compared the overall
proportion of fledglings that was seen after
banding, the proportion that survived to their
first February, the proportion that eventually
became breeding adults somewhere within the
study area, and the sex ratio of spring vs. fall
fledglings. Although many offspring, particu-
larly females, emigrate out of the study area
(Koenig et al. 2000), dispersal rarely occurs
prior to the first spring; thus, fledglings that
disappeared prior to their first March were
assumed to have died. The sex of fledglings
generally cannot be determined without molec-
ular analyses until the postjuvenal molt, which
takes place 3-4 months after fledging, or
around September for spring nestlings (Spray
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and MacRoberts 1975). Thus, except for a small
number of birds that were sexed using molec-
ular techniques for another study (Koenig et al.
2001), most nestlings were not sexed unless they
survived for several months after fledging.

The second way we tested the success of fall
fledglings controlled for annual differences by
comparing the survivorship and fate of fledg-
lings for each year in which fall nesting
occurred. We then contrasted the success of
spring vs. fall nestlings using sign tests. Sample
size included the 10 years between 1975 and
2005 in which fall nesting took place (two fall
nests are also known to have been attempted in
1974, but this year was excluded from analysis
due to a lack of detailed information on the
population at that time). Results of the two sets
of analyses were essentially the same, thus only
results from the prior analysis are presented.

Previous work has indicated that the size of
the acorn crop is critical to both overwinter
residency and reproductive success, including
fall nesting, of Acorn Woodpeckers (Hannon et
al. 1987, Koenig and Mumme 1987). Partly in
response to this apparent dependency, we
initiated an ongoing acorn survey in the study
area in 1980 (Koenig, Knops et al. 1994,
Koenig, Mumme et al. 1994). The survey
consists of two individuals each counting as
many acorns as possible within 15 sec (30 sec
total) on 250 marked oaks (subsequent tree
mortality has decreased this number somewhat)
divided unevenly among the five species com-
mon within the study area (valley oak [Quercus
lobata), 88 trees; blue oak [Q. douglasii], 57
trees; canyon live oak [Q. chrysolepis], 21 trees;
coast live oak [Q. agrifolia], 63 trees; and
California black oak [Q. kelloggii], 21 trees).
As an index of the acorn crop each fall between
1980 and 2005, we used the mean number of
acorns counted in 30 sec across all trees
surveyed that fall.

Variables examined for their relationship
with fall nesting activity included the overall
size of the acorn crop, reproductive success of
the population the prior spring, and environ-
mental conditions, specifically weather condi-
tions during August and September, the period
of fall nest initiation, and the amount of rainfall
during the prior year (September—August), the
latter of which falls almost entirely between
November and March in the Mediterranean
climate of the study area. Tests were performed
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to contrast years when fall nesting did and did
not take place and to explain overall fall nesting
activity measured as fall nests per group.
Univariate tests were nonparametric (Mann-
Whitney U-tests and Spearman rank correla-
tions). Multivariate tests included logistic re-
gression (for the dichotomous variable of
whether fall nesting occurred or not) and
stepwise multiple regression to compare vari-
ables potentially influencing the rate of fall
nesting.

We tested for factors facilitating fall nesting
in years when it occurred by performing
Wilcoxon signed-ranks tests comparing groups
that were known to have fall nests in those
years vs. groups that did not. As before, sample
size included the 10 years between 1975 and
2005 in which fall nesting took place. Param-
eters tested included group composition (num-
ber of breeding adults, number of helpers, total
group size), spring reproductive success (num-
ber of successful nests, number of young
fledged, number of young surviving to 1 August
of their first year), and whether there had been
a change (turnover) in either the male or female
breeding adults since the previous year.

REVIEW OF AUTUMNAL BREEDING IN
NORTH AMERICAN TERRESTRIAL BIRDS
Our primary source for information on fall
nesting was the recently completed Birds of
North America series. However, additional
nesting records were gleaned from the literature
and solicited via society newsletters. We also
included records of fall clutches from the
Western Foundation of Vertebrate Zoology
that had been entered into a computerized
database as of July 2006 (approximately 30% of
their collection). We restricted our search to
terrestrial species (i.e., excluding waterbirds and
shorebirds) breeding at least partly within
North America north of Mexico. Hawaiian
and extinct (or nearly extinct) species were not
included. We included introduced species as
long as some information existed on breeding
phenology within North America. Our goal was
to be comprehensive, but a number of more
obscure records of fall nesting were almost
certainly missed.

As an operational definition of fall nesting we
included cases in which eggs were laid or
incubation was observed between 1 September
and 30 November. This arbitrary definition was
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FIGURE 1. The temporal distribution of last egg

dates for 1173 nests of Acorn Woodpeckers at
Hastings Reservation, California, between 1974 and
2005. Line drawn by eye. Note the bimodal
distribution with the primary peak centered around
1 May for spring nests and the much smaller
secondary peak centered in mid-August for fall nests.

made necessary by the lack of detailed nesting
phenology for most species combined with the
desirability of using a common definition for all
species considered in the analysis.

Two life-history variables were tested for
their relationship with fall nesting. The first was
migratory status (primarily migratory, primar-
ily resident, or intermediate, with the last
category including species that are nomadic,
partially migratory, or exhibit seasonal move-
ments), and the second was nest spacing
(primarily solitary or primarily colonial or
semicolonial). Information on these characters
was obtained from the Birds of North America
series and Ehrlich et al. (1988).

RESULTS

FALL NESTING IN THE ACORN
WOODPECKER

Between fall 1974 and fall 2005 we recorded the
estimated or known last egg date for 1173 nests
(Fig. 1). The range in estimated last egg dates
was 20 March to 27 September, or 191 days.
However, the distribution was bimodal, with
a strong peak in spring around 1 May and
a weak secondary peak around mid-August. In
between the two peaks was a 12-day lull from
16-27 July during which no nests were initiated.
Consequently, we defined fall nests as those
occurring within the range of the secondary
peak, including all nests following the 12-day
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FIGURE 2. The frequency of spring and fall nests
by year for Acorn Woodpeckers at Hastings Reser-
vation from fall 1974 to fall 2005, measured as the
number of nests group~'. Although fall nests occur in
only one-third of years and are generally rare, in
some years (i.e., 1984, 1992, and 1996) a substantial
fraction of the population’s annual productivity can
come from fall nests.

lull in nesting activity ending on 27 July. Nests
with last egg dates prior to 16 July are referred
to as spring nests. Of the 1173 nests, 51 (4.3%)
were fall nests by the above definition. A total
of 137 young was banded at these nests,
amounting to 4.3% of all young banded over
the course of the study.

Fall nests were recorded in 11 of 32 years
(34%). Standardized by the number of groups
being studied at the time, the incidence of fall
nesting ranged up to 0.43 group '. By compar-
ison, spring nests ranged from a low of 0.39
group ' in 1984 to a high of 1.93 group™' in
2001 (Fig. 2). These latter values include
renesting attempts and any second nests with
last egg dates prior to 16 July; no renesting or
second attempts during the fall season were
detected during the study. In terms of number
of young fledged within a year, fall nests on
average contributed 9% of annual productivity
overall and 19% of young in years when fall
nesting occurred. Fall nests contributed 39% of
all fledglings produced by the population in
1996 and 50% in 1984.

In both the univariate and multivariate
analyses the occurrence and frequency of fall
nesting correlated positively with a larger acorn
crop and with warmer maximum summer
temperatures (Table 1). There was no signifi-
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TABLE 1.

Results of tests examining whether certain factors influenced whether or not fall nesting occurred

in Acorn Woodpeckers at Hastings Reservation during a particular year and whether they affected the
incidence of fall nesting measured as the number of nests group™'. Number of years are given in parentheses.
* P <0.05 ** P <0.01; ** P < 0.001; other P > 0.05.

Whether fall nesting occurred or not

Rate of fall nesting

Mann-Whitney

Logistic regression

Spearman rank  Stepwise multiple

Variable U-test (z-value) (Wald statistic; df = 1) correlation (rg)  regression (z-value)

Mean acorn crop 3.3%** (26) 5.5% 0.66%** (26) 2.4%
Spring nests per group 0.4 (31) 0.1 —0.20 (31) 1.7
Annual rainfall 0.8 (32) 0.1 —0.08 (32) 0.3
Mean minimum summer

temperature 1.6 (32) 0.3 0.35* (32) 1.2
Mean maximum summer

temperature 2.5% (32) 3.8% 0.49** (32) 3.4%%
Overall model — Yo = 21.1%%* — Fyo3 = 9.5%%*

cant relationship with either annual rainfall or
the number of spring nests per group.

Although there was no relationship between
spring and fall nests within the same year, there
was a highly significant positive correlation
between the incidence of fall nesting and spring
nesting activity the following year (Fig. 3). This
highlights the common ecological basis of
nesting activity during these two periods, both
of which are strongly influenced by the fall
acorn crop.

We also compared composition and several
other group characteristics between groups with
and without fall nests in the 10 years when fall
nesting took place. The only significant differ-
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FIGURE3. The number of fall nests per group (year

x) was positively correlated with the number of spring
nests per group the following year (year x + 1) for
Acorn Woodpeckers at Hastings Reservation between
1974 and 2004 (n = 31 years), showing their common
dependence on the acorn crop in fall of year x.

ence that emerged was that groups undergoing
a turnover from the prior year were less likely
to have a fall nest than groups whose breeding
composition was unchanged (Wilcoxon signed-
ranks test, z = 2.0, P < 0.05; all other
comparisons P > 0.5).

Among fledglings surviving long enough to
be sexed on the basis of plumage characteristics,
there was no difference in sex ratio between
seasons (895 of 1652 [54%)] sexed spring
fledglings were males vs. 48 of 84 [57%)] sexed
fall nestlings; ¥* = 0.3, P = 0.6). We also
detected no significant difference in survivor-
ship between spring and fall fledglings when
measured as whether nestlings were seen out of
the nest after banding or not (2165 of 3057
[71%] spring nestlings were seen after banding
vs. 98 of 137 [72%] fall nestlings; x?*; = 0.03, P
= 0.9), or as the eventual probability of spring
vs. fall nestlings becoming breeding adults
within the study area (593 of 2721 [22%] spring
fledglings vs. 25 of 129 [19%] fall nestlings
became breeders; ¥, = 0.4, P = 0.5; analyses
restricted to young fledged in 2002 or earlier).

We found a significant difference in the
probability of spring vs. fall fledglings surviving
to their first February (1379 of 3057 [45%]
spring nestlings vs. 84 of 137 [61%] fall nestlings
survived to February; x* = 13.9, P < 0.001).
However, given that spring nestlings had to live
on average several months longer than fall
nestlings in order to still be present the
following February, the biological significance
of this difference is unclear. It does, however,
support the conclusion that fall fledglings
survive at least as well as spring nestlings.
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AUTUMNAL BREEDING IN NORTH
AMERICAN TERRESTRIAL BIRDS

Our survey of North American terrestrial birds
revealed evidence for fall nesting in 69 species
(Table 2), or 16% of the 441 species surveyed.
Three of these species (Snail Kite [Rostrhamus
sociabilis], Bald Eagle [Haliacetus leucocepha-
lus], and Crested Caracara [Caracara cheri-
way)), regularly initiate breeding in the winter
and occasionally start as early as the fall. The
remaining 66 species breed primarily in the
spring and summer. All records are for North
America with the exception of those for the
Common Raven (Corvus corax), which is
included based on three records from Scotland
(Mearns and Mearns 1989).

Dividing species according to their migratory
status (Table 3) confirmed that residents exhibit
fall nesting at significantly higher rates than do
primarily migratory species (Fisher exact test, P
< 0.001). However, migrating over long dis-
tances does not preclude fall nesting, as
demonstrated by the 11 species of migrants,
including several that migrate to the Neotrop-
ics, for which fall nesting has been documented.
The difference between the incidence of fall
nesting among resident species and those that
are intermediate between resident and fully
migratory species was marginal (Fisher exact
test, P = 0.15; P = 0.04 if the three species that
were intermediate overall but known to be
resident in the locality where fall nesting was
reported were included as residents). Excluding
fully migratory species, records of fall nesting
were found in 58 of 230 (25%) species.

Of the species surveyed, 64 nest colonially or
semicolonially (Table 3). Of these, fall nesting
has been detected in 17 (27%), significantly
greater than the proportion of fall-nesting
species among solitary nesting species (Fisher
exact test, P = 0.02).

DISCUSSION

Late summer and fall nesting, corresponding
with the maturation of the fall acorn crop, is an
irregular but important part of the breeding
biology of Acorn Woodpeckers in central
coastal California. Over the period of our
study, 4.3% of fledglings came from such nests.
However, in some years, fall nesting contributes
a much higher proportion of young fledged,
amounting to at least 10% in six of 31 years and
ranging as high as 50% in 1984. Fall fledglings

survived as well and were just as likely to be
recruited to the population as spring fledglings.

As proposed earlier (Koenig and Mumme
1987), fall nesting was significantly correlated
with larger acorn crops. Acorns are fed to
nestlings and, more importantly, form a large
portion of the diet of adults feeding nestlings
(WDK, unpubl. data). Thus, the finding that
larger acorn crops facilitate fall nesting is not
surprising. Less expected was the importance of
warmer summer temperatures, the effect of
which was comparable in magnitude to that of
the acorn crop. Whether this is because warmer
summer conditions facilitate greater insect
abundance during this period or because warm
weather decreases the thermoregulatory de-
mands of the birds (Weathers et al. 1990) is
unknown.

Ecologically, fall nesting in year x is related
not to the (earlier) year x spring breeding
season but rather to the spring breeding season
the following year (year x + 1), events both
linked to the year x acorn crop (Koenig and
Mumme 1987). Thus, rather than claiming that
the breeding season of Acorn Woodpeckers (as
indexed by the last egg date) at our study site
extends from 20 March to 27 September,
a period of 192 days with a short 12-day Iull
from 16 to 27 July, it is ecologically more valid
to say that the breeding season starts with fall
nesting on 28 July and extends until 15 July the
following year, a period of 353 days interrupted
by a 174-day winter lull (28 September to 19
March) during which no nests are initiated. A
comparable argument could be made for other
species, including Western Scrub-Jays (Aphelo-
coma californica), Pinyon Jays (Gymmnorhinus
cyanocephalus), and crossbills (Loxia spp.),
whose fall breeding behaviors are related to
fall seed crops whose ecological effects are
likely to be exerted on the subsequent, rather
than the prior, spring breeding season. To the
extent this is true, fall nesting in these species
starts, rather than ends, the breeding season.

Our survey of North American terrestrial
bird species confirms that fall nesting is more
widespread than generally appreciated. Of 441
species surveyed, we found evidence for egg-
laying in September—November, our criterion
for fall nesting, in 69, or 16%. Fall-nesting
species were widely distributed taxonomically
and included species from nine of 13 (69%)
orders and 24 of 47 (51%) families, including 13
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TABLE 3.

345

Distribution of fall nesting among North American terrestrial birds in relation to their migratory

status and coloniality in nesting. Total species = 441, of which fall nesting was detected in 69 (16%).

Fall nesting detected Percent fall nesting

Category Total species

Migratory status

Primarily or fully migratory 211

Intermediate® 78

Primarily resident 152
Nesting coloniality

Colonial or semicolonial 64

Not colonial 377

11 5
16 21
42 28
17 27
52 14

* Includes partial migrants, short-distance migrants, species that exhibit seasonal movements, and species
whose migration habits are variable or nomadic. Three species were intermediate overall but known to be
resident in the locality where fall nesting was reported; they are included in the “intermediate” category here.

of 30 (43%) passerine families (Appendix). Fall
nesting was rare among migrants, but was
nonetheless detected in 11 (5%) of such species,
including Neotropical migrants such as the
Barn Swallow (Hirundo rustica), Yellow War-
bler (Dendroica petechia), and Indigo Bunting
(Passerina cyanea). Fall nesting was signifi-
cantly more frequent among resident species
and among species that nest colonially or
semicolonially than among migrants or soli-
tary-nesting species.

Unfortunately, existing scientific collections
provide relatively poor information regarding
the extent of fall nesting. For example, although
fall nesting is clearly a normal, if irregular,
feature of Acorn Woodpecker breeding and has
been in the literature nearly a century (Myers
1915), of 225 egg sets examined at major
collections throughout the United States as
part of an earlier study (Koenig 1986), none
was collected after 20 July, the cutoff date for
fall nests used here. The lack of any fall nests in
this sample is clearly due to the failure of early
collectors to look for breeding activity late in
the season rather than an absence of fall nesting
a century ago (Willard 1913). Indeed, a sub-
stantial fraction of breeding biology studies of
North American birds focus on the spring,
often to the near total exclusion of fieldwork
later in the year that might reveal fall nesting
events. Until this omission is rectified, the real
extent of fall nesting, both within and among
these often otherwise well-studied species, will
remain unknown.

Also unavailable for the vast majority of
species is the general frequency distribution of
nests beyond the length of the breeding season.
The ecological factors facilitating fall nesting

are usually unknown as well, although clearly
different factors can be important. In several
species, for example, fall nesting is apparently
dependent primarily on an irregularly pulsed
food supply—seeds, fruits, rodents, or insects—
that is very abundant in some years (Ostfeld
and Keesing 2000). Acorn Woodpeckers, in
which fall nesting occurs in years of large acorn
crops, are a good example of such a species, as
are Band-tailed Pigeons (Patagioenas fasciata),
White-crowned Pigeons (Patagioenas leucoce-
phala), Common Ground-Doves (Columbina
passerina), the two cuckoos, Barn Owls (Tyto
alba), Western Scrub-Jays, Pinyon Jays, and the
two crossbills. Several species in which fall
nesting appears to be related to particularly
heavy or unpredictable rainfall may also belong
in this category, assuming that rainfall corre-
lates with subsequent availability of some key
food resource.

For the majority of species it is likely that fall
nesting is a long-standing part of breeding
phenology unrelated to human activity. Four
species are possible exceptions. Fall nesting in
the Tricolored Blackbird, an itinerant breeder,
was hypothesized by Orians (1960) to be related
to the local agriculture that now occupies much
of its range, while all cases of fall breeding in
Boat-tailed Grackles (Quiscalus major) reported
by Selander and Nicholson (1962) were in city
parks, suggesting the importance of urban
horticultural practices to providing the condi-
tions required for fall breeding. Both these
species are highly social, prompting Selander
and Nicholson (1962) to suggest that fall
breeding is more likely to occur in colonial
species because they are better adapted to
respond to temporarily favorable conditions.
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Although our survey revealed numerous excep-
tions to this hypothesis, it also confirmed that
fall nesting is indeed significantly more frequent
among colonial- and semicolonial-nesting spe-
cies than solitary species.

The other two species in which fall nesting
has been suggested to be related to anthropo-
genic factors are Anna’s Hummingbirds (Ca-
lypte anna) and Monk Parakeets (Myiopsitta
monachus). Witzeman (1984) suggested that fall
nesting in Anna’s Hummingbirds is related to
flowering of exotic plants, which are now
widespread throughout its range, while Neider-
meyer and Hickey (1977) suggested that late
nesting in introduced Monk Parakeets is an
ecological holdover from their South American
origins. The extent to which these hypotheses
are valid remains to be determined.

Although there is no reason to believe that
fall breeding in most species is a recent phe-
nomenon, it is entirely possible that global
warming may increase the frequency of such
late nesting in the future. This is suggested by
the previously mentioned spate of fall nesting
that occurred in Britain during the fall of 1953,
during which time mean November tempera-
tures were 1.8°C above average for the region
(Snow 1955). Given that this value is well
within or below the increases projected to occur
due to global climate change (Intergovernmen-
tal Panel on Climate Change 2001), it is
reasonable to predict that fall nesting will
become more frequent among north temperate
birds in the future than our current survey
suggests has been the case in the 20" century.

In conclusion, fall nesting is more common
among North American terrestrial species than
generally realized, and is likely to increase in
frequency as global warming takes place.
Except in the case of long-distance migrants,
among which fall nesting is rare (but not
unheard of), workers studying birds in temper-
ate regions should assume that fall nesting is
a possibility until study during the late summer
and fall demonstrates otherwise.

ACKNOWLEDGMENTS

This work was supported by the National Science
Foundation, most recently by grant 10B-0516851.
We thank all our colleagues and field assistants who
have contributed to the Acorn Woodpecker project
over the years and Craig Benkman, David Dobkin,
Dan Levitis, Irby Lovette, Bill Monahan, and an
anonymous reviewer for comments on an earlier

draft of the manuscript. We are especially grateful to
René Corado for providing records from the Western
Foundation of Vertebrate Zoology and Courtney
Conway, John Hunter, Dan LaShelle, Bruce Lyon,
Carl Marti, John Schukman, Kim Smith, and Gus
Yaki for sending us information on fall nests they
observed or of which they were aware.

LITERATURE CITED

ABBOTT, C. G. 1927. Midwinter nesting in southern
California. Condor 29:160.

ACKERMAN, G. E. 1988. Anomalous nesting patterns
of the Say’s Phoebe, Sayornis saya, in southern
Nevada. M.Sc. thesis, University of Nevada, Las
Vegas, NV.

ADKISSON, C. S. 1996. Red Crossbill (Loxia curvi-
rostra). In A. Poole and F. Gill [EDs.], The birds
of North America, No. 256. The Academy of
Natural Sciences, Philadelphia, PA, and The
American Ornithologists’ Union, Washington,
DC.

BANCROFT, G. T., AND R. BowMAN. 2001. White-
crowned Pigeon (Columba leucocephala). In A.
Poole and F. Gill [EDS.], The birds of North
America, No. 596. The Birds of North America,
Inc., Philadelphia, PA.

BANCROFT, G. T., R. BOWMAN, AND R. J. SAWICKI.
2000. Rainfall, fruiting phenology, and the
nesting season of White-crowned Pigeons in the
upper Florida Keys. Auk 117:416-426.

BANKS, R. C. 1968. Black-throated Sparrow (various
subspecies), p. 990-1004. In O. L. Austin [ED.],
Life histories of North American cardinals,
grosbeaks, buntings, towhees, finches, sparrows,
and their allies. U.S. National Museum Bulletin
237. Part 2.

BAPTISTA, L. F. 1976. Autumnal breeding in Chinese
Spotted Doves. Wilson Bulletin 88:158.

BAuUDVIN, H. 1975. Biologie de reproduction de la
Chouette Effraic (Tyto alba) en Coéte d’Or:
premier resultats. Jean le Blanc 14:1-51.

BEDNARZ, J. C. 1987. Successive nesting and
autumnal breeding in Harris’s Hawks. Auk 104:
85-96.

BELLROSE, F. 1936. Late nesting records for northern
Ilinois. Auk 53:348.

BENDIRE, C. E. 1882. The Rufous-winged Sparrow.
Ornithology and Oology 7:121-122.

BENDIRE, C. E. 1890. Notes on Pipilo fuscus
mesoleucus and Pipilo aberti, their habits, nests
and eggs. Auk 7:22-29.

BENKMAN, C. W. 1992. White-winged Crossbill
(Loxia leucoptera). In A. Poole, P. Stettenheim,
and F. Gill [EDs.], The birds of North America,
No. 27. The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornithol-
ogists’ Union, Washington, DC.

BENT, A. C. 1940. Life histories of North American
cuckoos, goatsuckers, hummingbirds, and their
allies. U.S. National Museum Bulletin 176.

BOARMAN, W. 1., AND B. HEINRICH. 1999. Common
Raven (Corvus corax). In A. Poole and F. Gill
[EDS.], The birds of North America, No. 476.



FALL NESTING IN NORTH AMERICAN BIRDS 347

The Birds of North America, Inc., Philadelphia,
PA.

Bock, C. E. 1970. The ecology and behavior of the
Lewis Woodpecker (Asyndesmus lewis). Univer-
sity of California Publications in Zoology 92:
1-100.

BowMAN, R., AND G. E. WOOLFENDEN. 1997.
Nesting chronology of the Common Ground-
Dove in Florida and Texas. Journal of Field
Ornithology 68:580-589.

BRENNAN, L. A. 1999. Northern Bobwhite (Colinus
virginianus). In A. Poole and F. Gill [EDS.], The
birds of North America, No. 397. The Birds of
North America, Inc., Philadelphia, PA.

BRrROLEY, C. L. 1947. Migration and nesting of
Florida Bald Eagles. Wilson Bulletin 59:3-20.

BrusH, T. 1999. Current status and recent nesting of
Northern Beardless-Tyrannulet and Tropical
Parula in the lower Rio Grande Valley, Texas.
Bulletin of the Texas Ornithological Society 32:
3-12.

CALKINS, J. D., J. C. HAGELIN, AND D. F. LOTT.
1999. California Quail (Callipepla californica). In
A. Poole and F. Gill [EDS.], The birds of North
America, No. 473. The Birds of North America,
Inc., Philadelphia, PA.

CHAVEZ-RAMIREZ, F., AND A. MORENO-VALDEZ.
1999. Buff-bellied Hummingbird (Amazilia yu-
catanensis). In A. Poole and F. Gill [EDS.], The
birds of North America, No. 388. The Birds of
North America, Inc., Philadelphia, PA.

CHRISTY, B. H. 1942. The Cardinal: the bird itself.
Cardinal 5:173-186.

CoMPTON, L. V. 1931. An unusual date for the
occurrence of the young of the California Quail.
Condor 33:249.

DOWNER, A., AND R. SUTTON. 1990. Birds of
Jamaica. Cambridge University Press, Cam-
bridge, UK.

EHRLICH, P. R., D. S. DOBKIN, AND D. WHEYE.
1988. The birder’s handbook. Simon and Schus-
ter, New York.

FRASER, J. T., JrR. 1931. Late nesting of the Black
Phoebe. Condor 33:34.

GARRETT, K. L., AND R. L. WALKER. 2001. Spotted
Dove (Streptopelia chinensis). In A. Poole and F.
Gill [EDS.], The birds of North America,
No. 586. The Birds of North America, Inc.,
Philadelphia, PA.

GOWATY, P. A., AND J. H. PLISSNER. 1998. Eastern
Bluebird (Sialia sialis). In A. Poole and F. Gill
[EDS.], The birds of North America, No. 381.
The Birds of North America, Inc., Philadelphia,
PA.

GROSCHUPF, K. D., AND C. W. THOMPSON. 1998.
Varied Bunting (Passerina versicolor). In A.
Poole and F. Gill [EDs], The birds of North
America, No. 351. The Birds of North America,
Inc., Philadelphia, PA.

GUTIERREZ, R. J., C. E. BRAUN, AND T. P.
ZAPATKA. 1975. Reproductive biology of the
Band-tailed Pigeon in Colorado and New
Mexico. Auk 92:665-677.

HAMILTON, W. J., JR. 1933. A late nesting waxwing
in central New York. Auk 50:114-115.

HANNON, S. J., R. L. MUMME, W. D. KOENIG, S.
SPON, AND F. A. PITELKA. 1987. Poor acorn
crop, dominance, and decline in numbers of
Acorn Woodpeckers. Journal of Animal Ecology
56:197-207.

HoweLL, T. R., AND R. D. BURNS. 1955. Mid-winter
nesting of the House Finch at Los Angeles.
Condor 57:246.

HUGHES, J. M. 1999. Yellow-billed Cuckoo (Coccy-
zus americanus). In A. Poole and F. Gill [EDS],
The birds of North America, No. 418. The Birds
of North America, Inc., Philadelphia, PA.

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE.
2001. Climate change 2001: the science of cli-
mate change. Cambridge University Press, Cam-
bridge, UK.

JENSEN, J. K. 1925. Late nesting of the Scaled Quail.
Auk 42:129-130.

JEWETT, S. G., W. P. TAYLOR, W. T. SHAW, AND J.
W. ALDRICH. 1953. Birds of Washington State.
University of Washington Press, Seattle, WA.

JoHNSON, R. R., AND L. T. HAIGHT. 1996. Canyon
Towhee (Pipilo fuscus). In A. Poole and F. Gill
[EDS.], The birds of North America, No. 264.
The Academy of Natural Sciences, Philadelphia,
PA, and The American Ornithologists’ Union,
Washington, DC.

JOHNSTON, R. F. 1992. Rock Dove (Columba livia).
In A. Poole, P. Stettenheim, and F. Gill [EDS],
The birds of North America, No. 13. The
Academy of Natural Sciences, Philadelphia,
PA, and The American Ornithologists’ Union,
Washington, DC.

KALE, H. W., II. 1975. Additional records of
autumnal breeding of Boat-tailed Grackles in
Florida. Florida Field Naturalist 3:5-8.

KEPPIE, D. M., AND C. E. BRAUN. 2000. Band-tailed
Pigeon (Columba fasciata). In A. Poole and F.
Gill [EDS.], The birds of North America,
No. 530. The Birds of North America, Inc.,
Philadelphia, PA.

KOENIG, W. D. 1986. Geographic ecology of clutch
size variation in North American woodpeckers.
Condor 88:499-504.

KOENIG, W. D., J. M. H. KNops, W. J. CARMEN, M.
T. STANBACK, AND R. L. MUMME. 1994.
Estimating acorn crops using visual surveys.
Canadian Journal of Forest Research 24:2105-
2112.

KOENIG, W. D., AND R. L. MUMME. 1987. Popula-
tion ecology of the cooperatively breeding
Acorn Woodpecker. Princeton University Press,
Princeton, NJ.

KOENIG, W. D., R. L. MUMME, W. J. CARMEN, AND
M. T. STANBACK. 1994. Acorn production by
oaks in central coastal California: variation in
and among years. Ecology 75:99-109.

KOENIG, W. D., R. L. MUMME, M. T. STANBACK,
AND F. A. PITELKA. 1995. Patterns and con-
sequences of egg destruction among joint-nesting
Acorn Woodpeckers. Animal Behaviour 50:607—
621.

KOENIG, W. D., P. B. STACEY, M. T. STANBACK,
AND R. L. MUMME. 1995. Acorn Woodpecker
(Melanerpes formicivorus). In A. Poole and F.



348 WALTER D. KOENIG AND JUSTYN T. STAHL

Gill [EDS.], The birds of North America,
No. 194. The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornithol-
ogists’ Union, Washington, DC.

KOENIG, W. D., M. T. STANBACK, J. HAYDOCK, AND
P. N. HOOGE. 2000. Natal dispersal in the
cooperatively breeding Acorn Woodpecker.
Condor 102:492-502.

KOENIG, W. D., M. T. STANBACK, J. HAYDOCK, AND
F. KRAAUEVELD-SMIT. 2001. Nestling sex-ratio
variation in the cooperatively breeding Acorn
Woodpecker (Melanerpes formicivorus). Behav-
ioral Ecology and Sociobiology 49:357-365.

LIGON, J. D. 1971. Late summer-autumnal breeding
of the Pifion Jay in New Mexico. Condor 73:
147-153.

LIGoN, J. D. 1974. Green cones of the pifon pine
stimulate late summer breeding in the Pifion Jay.
Nature 250:80-82.

LINSDALE, J. M. 1968. Spinus psaltria hesperophila,
Green-backed Goldfinch, p. 474-486. In O. L.
Austin Jr. [ED.], Life histories of North American
cardinals, grosbeaks, buntings, towhees, finches,
sparrows, and allies. U.S. National Museum
Bulletin No. 237. Part 1.

LorLIN, R. K. 1983. Communal behaviors of the
Smooth-billed Ani (Crotophaga ani). Ph.D.
dissertation, University of Miami, Coral Gables,
FL.

LOWTHER, P. E., AND C. L. CINK. 2006. House Sparrow
(Passer domesticus). In A. Poole [ED.], The birds of
North America online. Cornell Laboratory of
Ornithology, Ithaca, NY. <http://bna.birds.cornell.
edu/BNA/account/House_Sparrow> (1 August
2006).

MACROBERTS, M. H., AND B. R. MACROBERTS.
1976. Social organization and behavior of the
Acorn Woodpecker in central coastal California.
Ornithological Monographs 21:1-115.

MARION, W. R., AND R. J. FLEETWOOD. 1978.
Nesting ecology of the Plain Chachalaca in south
Texas. Wilson Bulletin 90:386-395.

MARSHALL, A. J. 1952. The interstitial cycle in
relation to autumn and winter sexual behaviour
in birds. Proceedings of the Zoological Society of
London 121:727-740.

MARSHALL, A. J. 1959. Internal and environmental
control of breeding. Ibis 101:456-478.

MARSHALL, J. T., AND R. R. JOHNSON. 1968. Pipilo
fuscus mesoleucus, Canyon Brown Towhee,
p. 622-630. In O. L. Austin [ED.], Life histories
of North American cardinals, grosbeaks, bunt-
ings, towhees, finches, sparrows, and allies. U.S.
National Museum Bulletin 237. Part 2.

MARSHALL, T. 1949. Late Blue Jay nesting. Wilson
Bulletin 61:189.

MARTI, C. D. 1994. Barn Owl reproduction: patterns
and variation near the limit of the species’
distribution. Condor 96:468-484.

McCCABE, T. T., AND E. B. MCCABE. 1933. Notes on
the anatomy and breeding habits of crossbills.
Condor 35:136-147.

MCCARTY, J. P. 1996. Eastern Wood-Pewee (Con-
topus virens). In A. Poole and F. Gill [EDS.], The
birds of North America, No. 245. The Academy

of Natural Sciences, Philadelphia, PA, and The
American Ornithologists’ Union, Washington,
DC.

MCcCNAIR, D. B. 1997. Early winter breeding record of
the Eurasian Collared-Dove in northern Florida.
Florida Field Naturalist 25:22-23.

MEARNS, R., AND B. MEARNS. 1989. Successful
autumn nesting of Raven. Scottish Birds 15:179.

MENGEL, R. M. 1965. The birds of Kentucky.
Ornithological Monographs No. 3.

MERRILL, J. C. 1879. Notes on the ornithology of
southern Texas, being a list of birds observed in
the vicinity of Fort Brown, Texas, from Febru-
ary 1876, to June 1878. Proceedings of the U.S.
National Museum 1:113-173.

MiLLsap, B. A., AND C. BEAR. 1990. Double-
brooding by Florida Burrowing Owls. Wilson
Bulletin 102:313-317.

MORRISON, J. L. 1996. Crested Caracara (Caracara
cheriway). In A. Poole and F. Gill [EDS.], The
birds of North America, No. 249. The Academy
of Natural Sciences, Philadelphia, PA, and The
American Ornithologists’ Union, Washington,
DC.

MyYERS, H. W. 1915, A late nesting record for the
California Woodpecker. Condor 17:183-185.
NEIDERMEYER, W. J., AND J. J. HICKEY. 1977. The
Monk Parakeet in the United States, 1970-75.

American Birds 31:273-278.

OBERHOLSTER, H. C. 1974. The bird life of Texas.
University of Texas Press, Austin, TX.

OHMART, R. D. 1969. Physiological and ethological
adaptations of the Rufous-winged Sparrow
(Aimophila carpalis) to a desert environment.
Ph.D. dissertation, University of Arizona, Tuc-
son, AZ.

OHMART, R. D. 1973. Observations on the breeding
adaptations of the Roadrunner. Condor 75:140—
149.

ORIANS, G. H. 1960. Autumnal breeding in the
Tricolored Blackbird. Auk 77:379-395.

OsTFELD, R. S., AND F. KEESING. 2000. Pulsed
resources and community dynamics of consu-
mers in terrestrial ecosystems. Trends in Ecology
& Evolution 15:232-237.

OTTENIL, L. C., E. G. BOLEN, AND C. COTTAM. 1972.
Predator-prey relationships and reproduction of
the Barn Owl in southern Texas. Wilson Bulletin
84:434-438.

PECK, G. K., AND R. D. JAMES. 1983. Breeding birds
of Ontario: nidiology and distribution. Vol. 1:
non-passerines. Royal Ontario Museum of Life
Science Miscellaneous Publications, Toronto,
Canada.

PECK, G. K., AND R. D. JAMES. 1987. Breeding birds
of Ontario: nidiology and distribution. Vol. 2:
passerines. Royal Ontario Museum of Life
Science Miscellaneous Publications, Toronto,
Canada.

PETTINGILL, O. S., JR. 1946. Late nesting of Barn
Swallow in Saskatchewan. Wilson Bulletin 58:53.

PHILLIPS, A. R., J. MARSHALL, AND G. MONSON.
1964. The birds of Arizona. University of
Arizona Press, Tucson, AZ.



FALL NESTING IN NORTH AMERICAN BIRDS 349

PisTor1Us, A. 1985. Black-billed Cuckoo, p. 126—
127. In S. B. Laughlin and D. P. Kibbe [EDS.],
The atlas of the breeding birds of Vermont.
University Press of New England, Hanover, NH.

RAITT, R. J., AND R. D. OHMART. 1966. Annual
cycle of reproduction and molt in Gambel Quail
of the Rio Grande Valley, southern New
Mexico. Condor 68:541-561.

RIDDELL, K. 1976. Autumnal breeding of Boat-tailed
Grackles at Gainesville Florida. Florida Field
Naturalist 4:36.

SARGENT, G. T. 1940. Observations on color-banded
California Thrashers. Condor 42:49-60.

SAYRE, M. W., AND N. J. SiLvy. 1993. Nesting and
production, p. 81-104. In T. S. Baskett, M. W.
Sayre, R. E. Tomlinson, and R. E. Mirarchi
[EDs.], Ecology and management of the Mourn-
ing Dove. Stackpole Books, Harrisburg, PA.

SCHUKMAN, J. M., AND B. O. WOLF. 1998. Say’s
Phoebe (Sayornis saya). In A. Poole and F. Gill
[EDS.], The birds of North America, No. 374. The
Birds of North America, Inc., Philadelphia, PA.

SCHWILLING, M. D. 1982. Sedge Wrens nesting into
September. Kansas Ornithological Society Bul-
letin 33:22-23.

SELANDER, R. K., AND D. J. NICHOLSON. 1962.
Autumnal breeding of Boat-tailed Grackles in
Florida. Condor 64:81-91.

SMITH, A. P. 1917. Some birds of the Davis
Mountains, Texas. Condor 19:161-165.

SMITH, P. 1930. Winter nesting of the California
Linnet. Condor 32:121.

SNow, D. W. 1955. The abnormal breeding of birds
in the winter 1953/54. British Birds 48:120-126.

SPEIRS, J. M. 1985. Birds of Ontario. Natural
Heritage/Natural History, Inc., Toronto, Canada.

SPRAY, C. J., AND M. H. MACROBERTS. 1975. Notes
on molt and juvenal plumage in the Acorn
Woodpecker. Condor 77:342-344.

STANBACK, M. T. 1991. Autumnal breeding in the
scrub-jay. Journal of Field Ornithology 62:
94-96.

STEVENSON, H. M., AND B. H. ANDERSON. 1994. The
birdlife of Florida. University Press of Florida,
Gainesville, FL.

STROMBERG, M. R. 2000. Montezuma Quail (Cryto-
nyx montezumae). In A. Poole and F. Gill [EDS ],
The birds of North America, No. 524. The Birds
of North America, Inc., Philadelphia, PA.

SYKES, P. W. J. 1987. Some aspects of the breeding
biology of the Snail Kite in Florida. Journal of
Field Ornithology 58:171-189.

Tweit, R. C., AND C. W. THOMPSON. 1999.
Pyrrhuloxia (Cardinalis sinuatus). In A. Poole
and F. Gill [EDS.], The birds of North America,
No. 391. The Birds of North America, Inc.,
Philadelphia, PA.

WALKER, C. F. 1937. Dayton region. Bird Lore
39:472-473.

WEATHERS, W. W., W. D. KOENIG, AND M. T.
STANBACK. 1990. Breeding energetics and ther-
mal ecology of the Acorn Woodpecker in central
coastal California. Condor 92:341-359.

WEST, S. 1995. Cave Swallow (Hirundo fulva). In A.
Poole and F. Gill [EDS.], The birds of North
America, No. 141. The Academy of Natural
Sciences, Philadelphia, PA, and The American
Ornithologists’ Union, Washington, DC.

WHITE, C. M., N. J. CLuMm, T. J. CADE, AND W. G.
HuNT. 2002. Peregrine Falcon (Falco peregri-
nus). In A. Poole [ED.], The birds of North
America online. Cornell Laboratory of Orni-
thology, Ithaca, NY. <http://bna.birds.cornell.
edu/BNA/account/Peregrine_Falcon> (1 August
2006).

WILLARD, F. C. 1913. Late nesting of certain birds in
Arizona. Condor 15:227.

WITZEMAN, J. 1984. The nesting season, June 1-July
31, 1983. Southwest region. American Birds
37:1013-1015.

WoLr, L. L. 1977. Species relationships in the avian
genus Aimophila. Ornithological Monographs
No. 23.



350 WALTER D. KOENIG AND JUSTYN T. STAHL

APPENDIX. Taxonomic summary of species surveyed and the number within each family for which fall
nesting is known to occur. The survey included North American terrestrial species that breed north of the
Mexican border.

Order Family Species surveyed (n) Species known to nest in fall (1)
Ciconiiformes Cathartidae 3 0
Falconiformes Accipitridae 23 5

Falconidae 7 2
Galliformes Cracidae 1 1
Phasianidae 15 0
Odontophoridae 6 5
Columbiformes Columbidae 11 8
Psittaciformes Psittacidae 4 1
Cuculiformes Cuculidae 6 3
Strigiformes Tytonidae 1 1
Strigidae 18 1
Caprimulgiformes Caprimulgidae 6 0
Apodiformes Apodidae 4 0
Trochilidae 14 3
Trogoniformes Trogonidae 1 0
Coraciiformes Alcedinidae 2 0
Piciformes Picidae 22 2
Passeriformes Tyrannidae 34 4
Laniidae 2 0
Vireonidae 13 0
Corvidae 17 4
Alaudidae 2 0
Hirundinidae 8 2
Paridae 11 0
Remizidae 1 0
Aegithalidae 1 0
Sittidae 4 0
Certhiidae 1 0
Troglodytidae 9 2
Cinclidae 1 0
Regulidae 2 0
Sylviidae 4 0
Turdidae 14 1
Timaliidae 1 0
Mimidae 10 1
Sturnidae 1 0
Motacillidae 5 0
Bombycillidae 2 1
Ptilogonatidae 1 0
Peucedramidae 1 0
Parulidae 50 1
Thraupidae 4 0
Emberizidae 49 8
Cardinalidae 10 4
Icteridae 21 3
Fringillidae 16 5
Passeridae 2 1




