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Abstract

Numerous studies have demonstrated earlier timing of spring migration and egg-laying
in small passerines, but documentation of such responses to recent climate change in
the life histories of higher trophic feeding birds such as raptors is relatively scarce.
Raptors may be particularly susceptible to possible adverse effects of climate change
due to their longer generation turnover times and lower reproductive capacity, which
could lead to population declines because of an inability to match reproductive timing
with optimal brood rearing conditions. Conversely adaptively favorable outcomes due
to the influence of changing climate may occur. In general, birds that seasonally nest
earlier typically have higher reproductive output compared to conspecifics that nest
later in the season. Given the strong seasonal decline in reproductive output, and the
heritability of nesting phenology, it is possible that nesting seasons would (adaptively)
advance over time. Recent climate warming may release prior ecological constraints on
birds that depend on food availability at the time of egg production, as do various rap-
tors including Cooper’s Hawks (Accipiter cooperii). Under this scenario, productivity,
especially clutch size, might increase because it is likely that this reproductive demo-
graphic may be the most immediate response to the earlier seasonal presence of food
resources. We demonstrated a statistically significant shift of about 4-5 days to an
earlier timing of egg-hatching in spring across 36 years during 1980-2015 for a par-
tially migratory population of Cooper’'s Hawks in Wisconsin, United States, which is
consistent with a recent study that showed that Cooper’s Hawks had advanced their
timing of spring migration during 1979-2012. Both studies occurred in the Great
Lakes region, an area that compared to global averages is experiencing earlier and in-
creased warming particularly in the spring in Wisconsin. The nesting period did not
lengthen. We suggest that the gradual shift of six consecutive generations of hawks
was likely in response to recent climate change or warming. We did not detect any
long-term temporal change in average clutch or brood sizes. However, such indices of
reproduction are among the highest known for the species and thus may be at their
physio-ecological maximum for this population. Our study population appears to show
resilience to and does not appear to be adversely influenced by the recent rate of

changing climate at this time.
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1 | INTRODUCTION

Much evidence suggests that recent climate change has altered life
history events of numerous species of birds (e.g., Brommer, 2004;
Jenni & Kery, 2003; Wood & Kellermann, 2015). Studies particu-
larly demonstrate earlier timing of spring migration and egg-laying
in birds throughout the Northern Hemisphere, although these find-
ings are strongly biased toward research on small passerines (Dunn,
2004, Lehikoinen, Saurola, Byholm, Lindén, & Valkama, 2010; Nielsen
& Mgller, 2006). There are relatively few studies that have inves-
tigated the possible effects of climate change on higher-level avian
consumers, including predatory hawks (Clutton-Brock & Sheldon,
2010; Lehikoinen et al., 2010, 2013). However, some recent studies
on raptors have shown earlier spring migration (Jaffré etal., 2013;
Lehikoinen et al., 2010; Sullivan, Flaspohler, Froese, & Ford, 2016),
earlier hatching dates (Lehikoinen et al., 2013), and shifts to earlier
(Filippi-Codaccioni, Moussus, Urcun, & Jiguet, 2010) and later timing
of autumnal migrants (Rosenfield, Lamers, Evans, Evans, & Cava, 2011;
Van Buskirk, 2012), with such seasonal shifts being consistent with
compensatory response to global warming (Sullivan et al., 2016).
Sullivan et al. (2016) recently demonstrated phenological shifts to
earlier spring migration of several raptor species, including Cooper’s
Hawks during 1979-2012 in the Great Lakes region of North America,
and they indicated that such shifts were consistent with decadal cli-
matic oscillations and global climate change. Such shifts could likely
lead to earlier arrival times at breeding territories, which in turn
could lead to earlier breeding schedules, a lengthened nesting period,
and possibly increased productivity (perhaps an adaptive response
sensu Lehikoinen et al., 2010; Fontaine, Stutzman, & Gannes, 2015).
Alternatively, it is possible that changes in timing of migration could
produce maladapted individuals given a possible decoupling between
migration (and breeding) schedule of hawks and the temporal varia-
tion in available prey (Lehikoinen et al., 2009; Rosenfield et al., 2011).
However, the possible consequences on the aforementioned life his-
tory events are unknown for the raptors in the Great Lakes region
studied by Sullivan et al. (2016). Indeed, Sullivan et al. (2016) indicated
concern for the viability of these species’ regional populations given
in part the lack of data to indicate whether behavioral responses are
sufficient to maintain adequate productivity, compounded with the
fact that raptors tend to exhibit relatively low reproductive capacities.
This concern is significantly aggravated by the fact that Sullivan et al.
(2016) do not know the specific destinations and/or breeding locales
of the individuals of the various species counted and thus where pop-
ulation data for each species could be gathered to potentially address
their concern. Moreover, Sullivan et al. (2016) noted that certain life
history attributes (e.g., longer generation turnover times) appear to

constrain responsiveness to changing climate, which could lead to

asynchrony in phenological events across trophic levels and cause
population declines. Mismatches between reproductive timing and
food availability are expected to become more severe with increasing
trophic level (Both, Van Asch, Bijlsma, Van Den Burg, & Visser, 2009;
Visser, Both, & Lambrechts, 2004).

Lehikoinen et al. (2010) demonstrated earlier timing of spring ar-
rival dates and hatching dates in the migratory Eurasian Sparrowhawk
(Accipiter nisus) in Finland and attributed these results to climate
change (increased warming in the spring) in their study areas across
29 years (1979-2007). This small raptor is a specialized predator of
passerines and perhaps responded to the earlier arrival of their mi-
gratory prey (Lehikoinen et al., 2010). They suggested that this tem-
poral dynamic provided improved hunting conditions and allowed
sparrowhawks to gain resources for breeding more easily during the
preincubation period and, in turn, could advance timing of breeding
and increase productivity. Notably, they documented increased mean
brood sizes in this raptor but claimed that this result was likely due to
reduced exposure to organochlorine pollutants. However, they indi-
cated that they could not exclude the possibility that an earlier onset
of breeding had caused increased production.

Recent climate change may release prior ecological constraints
on birds that depend on resource availability at the time of egg pro-
duction (e.g., Cooper’s Hawks [Accipiter cooperii]; Drent, Fox, & Stahl,
2006; Gienapp & Visser, 2006; Rosenfield, Bielefeldt, & Cary, 1991;
Rosenfield, Sonsthagen, Stout, & Talbot, 2015). Cooper’s Hawks in our
Wisconsin population and other birds that nest earlier in the season
typically have higher reproductive output of eggs and/or offspring
compared to conspecifics that nest later in the season (Perrins, 1970;
Newton, 1979; Rosenfield & Bielefeldt, 1999; R.N. Rosenfield, unpubl.
data). It is possible that nesting season would advance over time as
a consequence of an adaptive response by breeding birds especially
given the strong seasonal decline in reproductive output, and the her-
itability of nesting phenology (van Noordwijk, van Balen, & Scharloo,
1981; Van der Jeugd & McCleery, 2002). Thus, it is possible that an ad-
vanced timing of nesting could result in increased productivity, as was
shown for Ficedula flycatchers in Europe in which earlier advancement
of laying prompted by climate change (i.e., increased spring warming)
resulted in increased clutch sizes (Both et al., 2004).

Clutch size is perhaps the most central index to avian reproduction
as it exhibits a strong correlation with age at maturity, and offspring
and adult survival in birds (Jetz, Sekercioglu, & Bohning-Gaese, 2008;
Ricklefs, 2000). Seasonality of resources is globally the predominant
driver of clutch variation in birds across geographic gradients (Jetz
et al., 2008). We contend it would have been particularly revealing if
Lehikoinen et al. (2010) had found that clutch sizes had increased over
the study period (clutch counts were not presented) when hatching dates

advanced because it is likely that this reproductive demographic may be
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the most temporally proximate or immediate response to the earlier ar-
rival of prey by sparrowhawks. We note that higher mean clutch counts,
but not mean brood counts, occur in years with earlier hatch dates in
our Wisconsin populations of Cooper’s Hawks (Rosenfield & Bielefeldt,
1999; and see Section “2”). Clutch size also indexes reproductive po-
tential, life history trade-offs pertinent to migratory behavior in birds
including possibly Cooper’s Hawks (Meiri & Yom-Tov, 2004; Rosenfield
et al., 2007). To our knowledge, there are no studies of higher trophic
predatory birds in which variation in clutch size was investigated as a
potential demographic response to climate change.

We conducted long-term nesting studies of a partially migratory
population of Cooper’s Hawks in Wisconsin, which population is near
the northern extent of this species’ continental range in the Great
Lakes region (Rosenfield & Bielefeldt, 1993; Bielefeldt, Rosenfield,
Stout, & Vos, 1998; R.N. Rosenfield, unpubl. data). Some adult breed-
ing and hatching-year Wisconsin Cooper’s Hawks overwinter in the
state, and individuals of both age cohorts migrate and overwinter as
far south as Central America (R.N. Rosenfield, unpubl. data). We note
that autumnal migrant Cooper’'s Hawks along the western shore of
Great Lakes’ Lake Michigan have been documented breeding in our
study areas, and tallies of such migrant Cooper’s Hawks have been
consistent with breeding population trends for Cooper’s Hawks in
our study areas (Rosenfield, Bielefeldt, Booms, Cava, & Bozek, 2013;
Rosenfield, Hardin, Bielefeldt, & Anderson, 2016).

We note that Sullivan et al. (2016) reported Cooper’s Hawk to
have advanced its spring migration in our study region during the
study years included herein and that changes to higher average tem-
peratures from 1950 to 2009 in the Great Lakes region exceed global
averages (Hayhoe, Vandorn, Croley, Schlegal, & Wuebbles, 2010).
Wisconsin is among the 10 fastest warming states in the United
States (Tebaldi, Adams-Smith, & Heller, 2012), particularly regard-
ing increased spring temperatures documented in our study areas
(Kucharik, Serbin, Vavrus, Hopkins, & Motew, 2010; Zhao & Schwartz,
2003). Further, there is strong evidence of a general and gradual trend
of advanced spring plant phenology and delays in the onset of fall
throughout the Great Lakes region including Wisconsin throughout
our study years (Bradley, Leopold, Ross, & Huffaker, 1999; Ewert, Hall,
Smith, & Rodewald, 2015; Kucharik et al., 2010). Several species of mi-
gratory birds preyed upon by Cooper’s Hawks in our study sites (e.g.,
American Robin [Turdus migratorius], red-winged blackbird [Agelaius
phoeniceus]; Bielefeldt, Rosenfield, & Papp, 1992; R.N. Rosenfield, un-
publ. data) exhibited a significantly gradual and earlier spring arrival
to Wisconsin during our study years (Bradley et al., 1999). The ad-
vanced timing of spring migration of these birds was linked to earlier
and higher spring temperatures due to climate change (Bradley et al.,
1999). Notably, one of these species, the American Robin, is the most
commonly detected prey item in spring during the preincubation pe-
riod at Cooper’'s Hawk nest sites on our study areas throughout all
study years (Bielefeldt et al., 1992; R.N. Rosenfield, unpubl. data), and
thus, likely an important resource for accumulation of body reserves
requisite for egg production (Rosenfield & Bielefeldt, 1999).

We use a 36-year data set involving six consecutive generations
(estimated at ~6 years per generation (Rosenfield, Bielefeldt, Affledt,
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& Beckmann, 1995)) of Cooper’'s Hawks during 1980-2015 to in-
vestigate whether our study population has gradually advanced its
egg-laying period during spring in accord with documented gradual
spring warming in Wisconsin during our study years. We also assessed
whether average clutch and/or brood sizes have increased (sensu
Lehikoinen et al., 2010) such that potential changes in all three life
history events may be consistent (or adaptive) with recent climate
warming in Wisconsin (Kucharik et al., 2010) for this primarily bird-
catching hawk whose diet includes migratory birds (Bielefeldt et al.,
1992, 1998; Rosenfield et al., 2010, R.N. Rosenfield unpubl. data).

2 | METHODS

2.1 | Study areas

We studied breeding Cooper’s Hawks during 1980-2015 at two prin-
cipal areas in central and southeastern parts of Wisconsin as described
by Rosenfield et al. (1995, 2010) and Rosenfield and Bielefeldt (1996).
Our central Wisconsin area principally included the rural environs of
Portage County and within the same county the abutting municipali-
ties of Stevens Point, Whiting, and Plover, with a predominately urban
human population about 38,000, and a human density about 600/km?
(US Department of Commerce, 2000). Our southeastern Wisconsin
area principally involved rural environs of the Kettle Moraine State
Forest, South Unit. These study sites were chosen without precon-
ceptions about their suitability for nesting Cooper’s Hawks (Bielefeldt
et al., 1998). We note that we have been unable to show in our multi-
decadal studies that habitat (i.e., rural or urban, conifer plantation or
nonplantation, presumptive site quality as indexed by consistency of
nesting area use, and high breeding density) is related to size of clutch
or brood counts, nesting phenology, annual adult survival, and produc-
tion of recruits, or fitness in Cooper’s Hawks in Wisconsin (Rosenfield
& Bielefeldt, 1999; Rosenfield, Bielefeldt, Sonsthagen, & Booms, 2000;
Rosenfield, Bielefeldt, Rosenfield, Booms, & Bozek, 2009; Rosenfield
et al., 2015; Rosenfield, Stout et al., 2015; Rosenfield, Hardin et al.,
2016, R.N. Rosenfield, unpubl. data).

2.2 | Field procedures

Each year, we found most nests (>90%) before egg-laying by listening
for dawn vocalizations (Rosenfield & Bielefeldt, 1991) or by search-
ing for partially constructed nests during the preincubation stage,
about mid-March through late April (Bielefeldt et al., 1998). We are
thus able to examine productivity without adjusting for the biases
that might have resulted from excluding breeding attempts that failed
prior to discovery (Rosenfield et al., 2000). Further descriptions of our
study design, study areas, and nest finding techniques can be found in
Rosenfield and Bielefeldt (1991, 1996).

We made at least two visits to nests to assess reproduction. One
visit included climbing to nests during the mid-incubation period
(about mid-May) to obtain completed clutch counts and another climb
about mid-June when nestlings were 16-19 days of age, or about
70% of fledgling age, to ascertain brood size, age, and band young
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FIGURE 1 Relationship between Julian
Q dates of the 50th percentile of the egg-
hatching dates (open circles) of Cooper’s
Hawks and year of breeding in Wisconsin,
1980-2015. Regression line is bounded by
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TABLE 1 Timing of egg-hatching dates for Cooper’s Hawks in
Wisconsin, 1980-2015. Julian dates for 1980 indicate when the
specified proportion of the egg-hatching dates for the total number
of nests was attained; Julian dates for other years are rounded
approximations of percentile attainment based on mean values (in
parentheses [SE]) of shift in days relative to Julian dates in 1980.
Calendar dates are provided for descriptive reference

Mean shift in days

Percentile 1980 1981-2015 from 1980
25 157; 6 June 152; 1 June -4.94 (0.69)
50 160; 9 June 157; 6 June -3.06 (0.64)
75 168; 17 June 161; 10 June -5.94(0.79)

100 176; 25 June 172; 21 June -2.86(0.91)

at successful nests (Rosenfield & Bielefeldt, 2006; Rosenfield, Grier, &
Fyfe, 2007). This schedule avoided the criterion of 80% of fledgling age
suggested for other raptor species, an age at which visits could result in
premature fledging of some nestlings and/or inaccurate brood counts
of young (Rosenfield, Grier et al., 2007; Rosenfield, Grier, & Fyfe, 2007).
Brood counts herein are from successful nests in which at least one young
reached 16-19 days of age (Rosenfield et al., 2013). Hatching dates per
nest were determined by backdating from estimated nestling ages of the
oldest chick based on plumage development of known-age birds (Meng
& Rosenfield, 1988; Bielefeldt et al., 1998, R.N. Rosenfield unpubl. data).
Estimated hatching dates were based only on young aged by RNR, who

aged >95% of all bandable young each year across all study years.

2.3 | Dataanalyses

We used simple linear regression to assess how Julian date for the 50th
percentile (i.e., median) of the of the total number of nests with esti-
mated hatching dates in each of 36 study years changed across time
(i.e., to ascertain whether a statistically significant shift in hatching date
per year had occurred following procedures in Rosenfield et al. (2011)).
We used linear regression because it is often used to detect possible
changes of timing of events in migratory birds due to climate change

(e.g., Wood & Kellermann, 2015); linear regression was also used to

95% confidence interval. Calendar dates
are included for descriptive reference

investigate the possible effects of climate warming on timing of abiotic
events and phenologies of 55 different species of plants and birds (in-
cluding songbirds preyed upon by Cooper’s Hawks) in Wisconsin dur-
ing our study years (Bradley et al., 1999; Ewert et al., 2015; Serbin &
Kucharik, 2009). Invocation of similar analytical techniques by different
researchers studying similar phenomenon facilitates a tenable discus-
sion of results across studies (Whitlock & Schluter, 2009). We used the
median because it was less sensitive to the effects of data outliers that
could skew results (see Rosenfield et al., 2011).

We also used Julian dates for four percentiles (25, 50, 75, and 100)
of hatch dates of nests in each year to describe the extent of the shift
in days of the hatching dates across years following Rosenfield et al.
(2011). We calculated the difference in number of Julian dates (days)
for each percentile in each year for 1981-2015 relative to Julian dates
for the respective percentiles in 1980, the first year of the study. Julian
dates earlier and later than those in the respective percentiles for 1980
were assigned negative and positive values, respectively. We used the
average (SE) of those differences to enumerate the approximate shift
in days of hatching date for each respective percentile since 1980.
We chose 1980 as the comparative year to demonstrate the extent of
the shift in hatching dates because it was representative of the earlier
timing of hatching dates at the outset of the study (Figure 1). The ten-
ability of using 1980 as an earlier and comparative temporal base line
is underscored by the fact that the median Julian hatch date of 160 in
1980 (Table 1) was same as the average of median Julian hatch dates
for the first (1980-1985) of six study generations of Cooper’s Hawks.
We also report the extent of the shift in hatching dates for all com-
bined percentiles, 1981-2015. We subtracted the difference between
the 100th and 25th percentiles to determine whether the length of
the nesting period had changed between 1980 and 1981-2015.

We also used simple linear regression to assess how mean number
of eggs/nest per year and mean number of nestlings/nest per year var-
ied to ascertain whether a temporal trend in these life history events
had occurred across all study years. Mean values are conventionally
used by raptor researchers in both descriptive statistics and as met-
rics in inferential decisions regarding reproductive output, including

studies regarding possible effects of climate change on productivity
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(e.g., Lehikoinen et al., 2010; Rosenfield & Bielefeldt, 1993; Rosenfield,
Grier et al., 2007). We note in nontime series analyses that higher
mean clutch counts occur in years of earlier hatch dates (y = 8.19
[SE=1.74]-0.03 [SE=001]x, R?=0.13 [SE=0.25], p=.03),
but mean brood counts are not related to hatch dates (y = 6.25
[SE =1.71] - 0.02 [SE = 0.01]x, R? = 0.06 [SE = 0.24], p = .14).
Statistical procedures followed Whitlock and Schluter (2009).
We calculated test statistics and probability values using SYSTAT 10
for Windows (SPSS, 2000). Statistical significance was accepted at
p <.05. We used the Durbin-Watson D statistic to assess for possible
autocorrelation in our time series regressions; the D statistic ranges
from O to 4, with scores at or near 2 indicating no autocorrelation. D
values of 1.8 for regressions of median egg-hatching dates and mean
clutch counts by year, and a D statistic of 2 for regressions of mean
brood counts indicated no evidence of autocorrelation in our three

time series analyses (all ps > 0.05).

3 | RESULTS

We obtained egg-hatching dates for 691 Cooper’'s Hawk nests in
Wisconsin across 36 years, 1980-2015 (range of total nests with

hatching dates per year was 8-33, with means and medians of 20
nests/year). There was a weak but statistically significant gradual de-
crease in Julian dates for the 50th percentile of hatching dates per
year across all study years (slope = -0.131, SE = 0.057, p = .03); thus,
greater proportions of nests had earlier egg-hatching dates (resulting
in an estimated earlier hatch timing of 0.13 days per year; Figure 1).
Of 140 total Julian hatch dates for the first through fourth percentiles,
109 (78%) registered an earlier day of percentile attainment during
1981-2015 versus 1980. The extent of the shift in egg-hatching was
about 3-6 days earlier compared to 1980 in the first through fourth
percentiles of Julian hatch dates during 1981-2015 (Table 1). The
shift was on average 4.2 (SE = 0.39; median = 5) days earlier for all 144
percentiles combined across 36 years. The small range of 3-6 days to
earlier hatching among all four sets of comparative percentiles sug-
gests that the length of the nesting period remained similar across all
study years; the subtracted differences between the 100th and 25th
percentile Julian dates in 1980 (176 minus 157) and in 1981-2015
(172 minus 152) were 19 and 20 days, respectively (Table 1).

We obtained clutch and brood counts for 613 and 740 nests,
respectively, across all study years, 1980-2015. Mean clutch sizes
ranged from 3.9 to 4.8 eggs/year, with an overall average of 4.3 eggs/
year (SE = 0.03; median = 4); mean brood sizes ranged from 3.1 to 4.1
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nestlings/year and an overall average of 3.7 young/year (SE = 0.04;
median = 4) across all study years (Figure 2). We did not detect a sta-
tistically significant trend in mean clutch (slope = -0.001, SE = 0.004,
p = .89) and mean brood sizes/year (slope = 0.002, SE = 0.004, p = .61)
across 36 years in Wisconsin (Figure 2). We conclude that the gradual
change to an earlier nesting phenology did not appear to influence
average clutch or brood counts in our study population of Wisconsin

Cooper’s Hawks.

4 | DISCUSSION

Although numerous studies have demonstrated earlier timing
of spring migration and egg-laying in small passerines (Wood &
Kellermann, 2015), documentation of such responses to recent cli-
mate change in the life histories of secondary consumer birds such as
raptors is scarce (Lehikoinen et al., 2009, 2010) . We are unaware of
any study that investigated potential variation or increase in clutch
counts in raptors as a possible adaptive response to changing cli-
mate. Sullivan et al. (2016) recently demonstrated earlier timing of
spring migration for several raptors, including Cooper’s Hawks, in the
Great Lakes region, and attributed such to recent climate warming,
but they did not provide any data on possible breeding responses by
these species in this region due to their advanced timing of migra-
tion. Herein, we demonstrated a statistically significant, gradual shift
to earlier timing of egg-hatching across 36 years (1980-2015) for a
partially migratory population of Cooper’s Hawks in Wisconsin dur-
ing the same study period and within the same region investigated by
Sullivan et al. (2016). We suggest that the gradual shift involving six
consecutive generations of Cooper’'s Hawks to earlier nesting phe-
nology in our study population is in accord with the finding of Sullivan
et al. (2016) for earlier spring migration timing (due to climate warm-
ing) for this species in the Great Lakes region in our study years. We
note that the shift in timing of egg-laying exhibits other consisten-
cies with responses of species to recent changing climate and grad-
ual warming in this region including Wisconsin (Bradley et al., 1999;
Ewert et al., 2015). For example, the gradual shift of 0.31 days/year
in spring to earlier egg-laying in Wisconsin Cooper’s Hawks is similar
to a gradual and average of 0.21 days/year of earlier timing of collec-
tive spring phenologies for 55 species of Wisconsin plants and birds
during our study years (these birds were predominately migratory
songbirds whose earlier arrival may trigger egg-laying in Cooper’s
Hawks, see below; Bradley et al., 1999). We note that a gradual
pace of response to climate warming is common for many species
(including birds), both globally and in Wisconsin (Bradley et al., 1999;
Kucharik et al., 2010; Stanley, 1988; Wood & Kellermann, 2015). We
also highlight that the shift to earlier hatching of Cooper's Hawks
occurred seasonally during spring, which, along with winter, are the
seasons exhibiting the greatest warming in Wisconsin on our study
areas during our study years (Kucharik et al., 2010; Zhao & Schwartz,
2003). Further, the overall average shift of about 4-5 days to earlier
egg-laying in Cooper’s Hawks is similar to an average advancement
of about 6-7 days for spring in Wisconsin during our study years

(Kucharik et al., 2010; Serbin & Kucharik, 2009). Similarly, Stout
(2008) noted a shift to earlier egg-laying dates of about 7 days for
great horned owls (Bubo virginianus) during 2002-2008 versus the
1970s in southeastern Wisconsin, and as with our study, the nesting
period did not lengthen.

Itis possible that nonclimatic factors could cause a shift in the egg-
laying dates we documented for Wisconsin Cooper’s Hawks. For ex-
ample, body size in several raptor species, including Cooper’s Hawks,
is inversely related to nesting phenology, such that larger birds tend
to nest seasonally earlier and, and as aforementioned, exhibit greater
productivity (Newton, 1979; Rosenfield & Bielefeldt, 1999; Warkentin,
Espie, Lieski, & James, 2016). Given that size is heritable in the
Cooper’s Hawk, it is possible that the nesting season would advance
over time as a consequence of an evolution toward larger body size in
breeding birds that breed earlier (as an adaptive response) given the
strong seasonal decline in reproductive output and the heritability via
body size of nesting phenology (van Noordwijk et al., 1981; Rosenfield
& Bielefeldt, 1999; Van der Jeugd & McCleery, 2002). However,
we have shown that body size for both male and female breeding
Cooper's Hawks has not changed during our study years (Rosenfield
et al., 2013; Rosenfield, Bielefeldt et al., 2016). We previously linked
body size in north-central, North American breeding populations of
Cooper's Hawks, including Wisconsin birds, to a phenotypically plastic
response to prey size (i.e., size of hawks track size of prey; Rosenfield
et al., 2010; Sonsthagen et al., 2012). We note however that the diet
of breeding Cooper’s Hawks in Wisconsin has not changed over our
study years (Bielefeldt et al., 1992; R.N. Rosenfield, unpubl. data).
Further, long-term high survivorship and relatively high nesting den-
sities (Rosenfield et al., 2009, 2013; Rosenfield, Hardin et al., 2016;
R.N. Rosenfield, unpubl. data), along with the long-term and relatively
high average productivity indices presented herein, suggest that pos-
sible density-dependent factors such as varying food availability and
disease (investigated by Stout & Rosenfield, 2010; Rosenfield et al.,
2002; Stout et al., 2005) in Wisconsin Cooper’s Hawks have unlikely
influenced the reproductive ecology and productivity we document
here (Bielefeldt et al., 1998; Rosenfield, Bielefeldt et al., 2016). We re-
iterate that we have been unable to show in our multidecadal studies
that habitat (i.e., rural or urban, conifer plantation or nonplantation,
presumptive site quality as indexed by consistency of nesting area use,
and high breeding density) is related to size of clutch or brood counts,
nesting phenology, annual adult survival, and production of recruits,
or fitness in Cooper’s Hawks in Wisconsin (Rosenfield & Bielefeldt,
1999; Rosenfield et al., 2000, 2009; Rosenfield, Stout et al., 2015;
Rosenfield, Bielefeldt et al., 2016, R.N. Rosenfield, unpubl. data). We
conclude that recent climate change thus seems a plausible causative
agent to the shift in egg-laying we documented for Cooper’s Hawks
in Wisconsin.

The extent of the shift to earlier egg-hatching, about 4-5 days
across 36 years by Cooper’s Hawks in Wisconsin, is similar to the shift
of earlier egg-hatching of about 6 days for both a similar extent of
study years and a similar calendric timing for a northern European
population of the congeneric and ecologically similar avivore, the
Eurasian Sparrowhawk in Finland during 1973-2007 (Lehikoinen
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et al. 2010). Unlike Lehikoinen et al. (2010) who documented a sig-
nificant temporal increase in mean brood sizes (they did not report
clutch counts), we found a stable trend in mean clutch and brood
sizes across our study years despite an earlier nesting schedule. While
they suggested that increased average brood size was a possible re-
sponse to climate change, we detected no change in average clutch
and brood sizes in our study population of Cooper’s Hawks during the
years when climate warming was occurring in Wisconsin. We suggest
that timing of food availability by perhaps earlier arriving migratory
passerines in Wisconsin (especially the American Robin (Bradley et al.,
1999), which is a common prey item of Cooper’s Hawks in spring) is
favorable for breeding when females are acquiring resources across
weeks before laying eggs. We note that Snyder and Wiley (1976)
found that egg-laying by Cooper’s Hawks in Arizona was triggered
by the arrival of migrant songbirds, and Millsap, Breen, and Phillips
(2013) also reported seasonal shifts in availability of birds may be an
important trigger for nesting in Cooper’s Hawks in north Florida. Our
personal observations suggest that the Eastern Chipmunk (Tamias stri-
atus) also may be, as it is during the nestling stage (Bielefeldt et al.,
1992), important prey during the preincubation period in Wisconsin
because in all years, we frequently detect their remains near nests
before incubation.

It is conceivable that Cooper’s Hawks could on average produce
larger clutches and hence larger brood sizes on our study areas as a
response to recent climate change. However, we believe this scenario
as unlikely. For example, a nest with eight eggs reported by Stout
(2009) for a Milwaukee, Wisconsin population of Cooper’s Hawks is
apparently the largest clutch size known for the species. Stout (2009)
suggested failure of this nest due to the inability of the female to cover
and incubate this large clutch (we note that none of the eight eggs
hatched). A study in Ontario, Canada, recorded two clutches of seven
eggs (Peck & James, 1983). However, these larger clutch counts ap-
pear to be anomalies (Rosenfield & Bielefeldt, 1993). We are unaware
of any studies documenting more than six nestlings at one Cooper’s
Hawk nest. The largest clutch and brood sizes on our study areas were
six eggs and six young, which maxima occurred throughout our study
years but rarely (3% and 0.9% of 613 and 740 clutches and broods,
respectively) and without any temporal trend (R.N. Rosenfield, unpubl.
data). A clutch size of six eggs occurred at least once in each of all six
generations, while a brood size of six young occurred at least once in
each of the first three and in each of the last two generations but not
in the fourth generation. Reproductive indices from much shorter term
studies on Cooper’s Hawks (most investigations of nesting Cooper’s
Hawks have been <6 years (Rosenfield et al., 2013)) may not be tena-
bly and directly comparable to our long-term findings across 36 years.
Further, it is tenuous to compare reproductive indices from our work
with those from studies that that did not principally locate their nests
(as did we) before eggs were laid; as such, latter studies likely have cal-
culated reproductive indices that were biased toward successful nests,
whereas our productivity findings were not (Rosenfield et al., 2000).
Irrespective of these possible methodological shortcomings, we note
that the overall average of 4.3 eggs per clutch for our study popula-
tion is exceeded by only one study (4.4 for a 5-year study in British
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Columbia (Rosenfield et al., 2007)), while our overall average of 3.7
young per nest is higher than any other average brood count reported
for any other Cooper’s Hawk population in North America (Rosenfield
& Bielefeldt, 1993; Rosenfield, Bielefeldt, et al., 2007). It is possible
that adult hawks in our study years on average exhibited their maxi-
mum eco-physiological output of eggs and young per nest given the
interannual variation in environmental attributes on our apparently
high breeding quality study areas (Bielefeldt et al., 1998; Rosenfield,
Hardin et al., 2016), the intrinsic behavioral, physiological, and genetic
qualities of breeding Cooper’s Hawks on our study sites, and noting
that average productivity indices were stable across six consecutive
generations when egg-hatching dates became earlier.

Adaptive responses to recent climate change in many migratory
birds, which generally are believed to occur mechanistically through
phenotypic plasticity in long-lived species such as raptors (Ewert
et al., 2015; but see Van Buskirk, Mulvihill, & Leberman, 2012), could
of course be manifest in ecological currencies other than the produc-
tivity metrics we addressed. For example, it is possible that Cooper’s
Hawks in Wisconsin advanced their timing of nesting in part for social
reasons regarding territoriality. An advanced nesting schedule may
enhance the ability of an individual to secure and defend a territory
as early as environmental conditions (e.g., food availability) permit,
which behavior may enhance an occupants’ ability to prevent terri-
torial takeover concomitant with an earlier attainment of reproduc-
tive condition. An earlier seasonal initiation of nesting provides more
opportunity to renest should a first clutch fail. Earlier nesting also
might enhance survival of juveniles and provide a longer period of
time for them to develop foraging and flight skills before the onset of
migration. We note that the duration of the nesting period did not in-
crease for Cooper’s Hawks and its whole entirety advanced in timing
across all study years which would consequentially lengthen the time
between fledging and migration in the Great Lakes region where the
onset of fall has been delayed (Ewert et al., 2015). We were unable to
address these hypotheses or alternative explanations with our study
design. We urge raptor researchers with long-term reproductive data
sets, especially those with cross-generational data sets, to analyze
their data within the context of how climate change potentially has
(or has not) stressed various life histories in their study subjects and
thus allow for elucidation of the ability (or lack thereof) of second-
ary avian consumers to respond to climate change and maintain or
possibly enhance individual fitness and/or population viability (Ewert
et al., 2015).

We highlight that our long-term, cross-generational stable high
nesting densities, relatively high productivity indices, marked flexibil-
ity in habitat use, and high annual adult survivorship for both breeding
male and female Cooper’s Hawks on our study areas indicate a healthy
breeding population of Cooper’s Hawks (e.g., Rosenfield et al., 1995,
2009; Rosenfield, Stout et al., 2015; Rosenfield, Hardin et al., 2016;
Rosenfield, Bielefeldt et al., 2016; R.N. Rosenfield, unpubl. data). Our
study population appears to show resilience to and does not appear
to be adversely influenced by the recent rate of changing climate. This
demographic synopsis seems to favorably counter the concern regard-
ing the aforementioned possible ill effects of an earlier migration of
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Wisconsin Cooper’s Hawks due to recent climate warming in the Great
Lakes region expressed by Sullivan et al. (2016). However, the rate of
climate change is expected to increase in the Great Lakes region, and
thus, further monitoring of our study population is requisite for fur-
ther insights into the potential influence of a changing climate on the
life histories of breeding Cooper’s Hawks in Wisconsin (Ewert et al.,
2015). We emphasize that such monitoring cannot be predicated on
indefinite extrapolation of historical data and that reliable insights into
future population status and viability during a changing climate will
require periodic updates on the same ilks of demographic information
assessed in earlier baselines (sensu York, Dowsley, Cornwell, Kuc, &
Taylor, 2016).

ACKNOWLEDGMENTS

We thank R.A. Bell, J.A. Cava, D.A. Grosshuesch, M.J. Gibson, E.J.
Judziewicz, C.S. Larsen, B.A. Millsap, C.M. Morasky, J.M. Papp,
A.M. and K.M. Rosenfield, L.E. Sobolik, S.A. Sonsthagen, K.L. Taft,
W.A. Smith, W.E. Stout, J. Sukow, C.J. Yahnke, and the many un-
dergraduate students at the University of Wisconsin-Stevens Point
for their support, field assistance, and counsel on this long-term
study. The comments of statisticians W. Newton and E. Bjerre,
and the suggestions of T. L. Booms and three anonymous review-
ers greatly improved this article. The staff of the Kettle Moraine
Sate Forest, Wisconsin Department of Natural Resources, aided
our work in many ways. Funding was provided in part by the
Biology Department, Personnel Development Committee, Letters
and Science Foundation, and the Wisconsin Cooperative Fishery
Research Unit at the University of Wisconsin at Stevens Point; the
Bureau of Endangered Resources at the Wisconsin Department of
Natural Resources, the Society for Tympanuchus Cupido Pinnatus,
Ltd., and the Great Lakes Falconers Association. RNR acknowledges

sabbatical support of his campus.

CONFLICT OF INTEREST

None declared.

REFERENCES

Bielefeldt, J., Rosenfield, R. N., & Papp, J. M. (1992). Unfounded assump-
tions about diet of the Cooper's Hawk. Condor, 94, 427-436.

Bielefeldt, J., Rosenfield, R. N., Stout, W. E., & Vos, S. M. (1998). The
Cooper’s Hawk in Wisconsin: A review of its breeding biology and sta-
tus. Passenger Pigeon, 60, 111-121.

Both, C., Artemyeyv, A. V., Blaauw, B., Cowie, R. J., Dekhuijzen, A. J., Eeva,
T., ... Visser, M. E. (2004). Large-scale geographical variation confirms
that climate change causes birds to lay earlier. Proceedings of the Royal
Society of London B: Biological Sciences, 271, 1657-1662.

Both, C., Van Asch, M., Bijlsma, R. G., Van Den Burg, A. B., & Visser, M. E.
(2009). Climate change and unequal phonological changes across four
trophic levels: Constraints or adaptations? Journal of Animal Ecology, 78,
73-83.

Bradley, N. L., Leopold, A. C., Ross, J., & Huffaker, W. (1999). Phenological
changes reflect climate change in Wisconsin. Proceedings of the National
Academy of Science, USA, 96, 9701-9704.

Brommer, J. E. (2004). The range margins of northern bird species shift
polewards. Annales Zoologici Fennici, 41, 391-397.

Clutton-Brock, T., & Sheldon, B. C. (2010). Individuals and populations:
The role of long-term, individual-based studies of animals in ecol-
ogy and evolutionary biology. Trends in Ecology and Evolution, 25,
562-573.

Drent, R. J., Fox, A. D., & Stahl, J. (2006). Travelling to breed. Journal of
Ornithology, 147, 122-134.

Dunn, P. (2004). Breeding dates and reproductive performance. In A. P.
M@iller, P. Berthold & W. Fielder (Eds.), Birds and climate change (pp.
211-236). Amsterdam, NL, USA: Elsevier.

Ewert, D. N., Hall, K. R., Smith, R. J., & Rodewald, P. G. (2015). Landbird
stopover in the Great Lakes Region. In E. M. Wood & J. L. Kellermann
(Eds.), Phenological synchrony and bird migration, changing climate and
seasonal resources in North America. Studies in Avian Biology 47 (pp.
17-46). Boca Raton, FL, USA: CRC Press.

Filippi-Codaccioni, O., Moussus, J., Urcun, J., & Jiguet, F. (2010). Advanced
departure dates in long-distance migratory raptors. Journal of
Ornithology, 151, 687-694.

Fontaine, J. J., Stutzman, R. J., & Gannes, L. Z. (2015). Leaps, chains, and
climate change for western migratory songbirds. In E. M. Wood & J. L.
Kellermann (Eds.), Phenological synchrony and bird migration, changing
climate and seasonal resources in North America. Studies in Avian Biology
47 (pp. 3-15). Boca Raton, FL, USA: CRC Press.

Gienapp, P., & Visser, M. E. (2006). Possible fitness consequences of
experimentally advanced laying dates in great tits: Differences
between populations in different habitats. Functional Ecology, 20,
180-185.

Hayhoe, K., Vandorn, J., Croley, Il T., Schlegal, N., & Wuebbles, D. (2010).
Regional climate change projections for Chicago and US Great Lakes.
Journal of Great Lakes Research, 36, 7-21.

Jaffré, N., Geaugrand, G., Goberville, E., Jiguet, F., Kjellén, N., Troost, G.,
... Luczak, C. (2013). Long-term phenological shifts in raptor migration
and climate. PLoS One, 8, €79112.

Jenni, L., & Kery, M. (2003). Timing of autumn bird migration under climate
change: Advances in long-distance migrants, delays in short-distance
migrants. Proceedings of the Royal Society of London B: Biological Sciences,
270, 1467-1471.

Jetz, W., Sekercioglu, C. H., & Bohning-Gaese, K. (2008). The worldwide
variation in avian clutch size across species and space. PLoS Biology, 6,
2650-2657.

Kucharik, C. J., Serbin, S. P, Vavrus, S., Hopkins, E. J., & Motew, M. M.
(2010). Patterns of climate change across Wisconsin from 1950 to
2006. Physical Geography, 31, 1-28.

Lehikoinen, A., Byholm, P., Ranta, E., Saurola, P., Valkama, J., Piertidinen,
H., ... Henttonen, H. (2009). Timing of breeding success and breeding
success of common buzzard at its northern range margin under climate
change. Oikos, 118, 829-836.

Lehikoinen, A., Lindén, A., Byholm, P.,, Ranta, E., Saurola, P., Valkama, J.,
... Lindén, H. (2013). Impact of climate change and prey abundance
on nesting success of a top predator, the goshawk. Oecologia, 171,
282-293.

Lehikoinen, A., Saurola, P, Byholm, P, Lindén, A., & Valkama, J. (2010). Life
history events of the Eurasian sparrowhawk Accipiter nisus in a chang-
ing climate. Journal of Avian Biology, 41, 627-636.

Meiri, S., & Yom-Tov, Y. (2004). Ontogeny of large birds: Migrants do it
faster. Condor, 106, 540-548.

Meng, H. K., & Rosenfield, R. N. (1988). Cooper's Hawk: Reproduction.
In R. S. Palmer (Ed.), Handbook of North American birds, Vol. 4, Diurnal
Raptors, Part 1. (pp. 331-349). New Haven, CT, USA: Yale University
Press.

Millsap, B. A., Breen, T. F.,, & Phillips, L. M. (2013). Ecology of the Cooper’s
Hawk in north Florida. North American Fauna, 78, 1-58.

Newton, . (1979). Population ecology of raptors. Calton, UK: T and A D
Poyser.



ROSENFIELD ET AL.

Nielsen, J. T., & Mgller, A. P. (2006). Effect of food abundance density and
climate change on reproduction in the sparrowhawk. Oecologica, 149,
505-518.

van Noordwijk, A. J., van Balen, J. V., & Scharloo, W. (1981). Genetic
variation in the timing of reproduction in the great tit. Oecologia, 49,
158-166.

Peck, G. K., & James, R. D. (1983). Breeding birds of Ontario: Nidiology and
distribution, Vol. 1: Nonpasserines. Toronto, ON, Canada: Royal Ontario
Museum.

Perrins, C. M. (1970). The timing of bird’s seasons. Ibis, 112, 242-255.

Ricklefs, R. E. (2000). Density dependence, evolutionary optimization, and
the diversification of avian life histories. Condor, 102, 9-22.

Rosenfield, R. N., & Bielefeldt, J. (1991). Vocalizations of Cooper’s Hawks
during the pre-incubation stage. Condor, 93, 659-665.

Rosenfield, R. N., & Bielefeldt, J. (1993). Cooper’s Hawk (Accipiter coope-
rii). In A. Poole & F. Gill (Eds.), The birds of North America, No. 75. (pp.
1-25). Philadelphia, PA, USA: The Academy of Natural Sciences, and
Washington, DC USA: The American Ornithologists’ Union.

Rosenfield, R. N., & Bielefeldt, J. (1996). Lifetime nesting area fidelity in
male Cooper’s Hawks in Wisconsin. Condor, 98, 165-167.

Rosenfield, R. N., & Bielefeldt, J. (1999). Mass, reproductive biology, and
nonrandom paring in Cooper’s Hawks. The Auk, 116, 830-835.

Rosenfield, R. N., & Bielefeldt, J. (2006). Cooper’s Hawk (Accipiter cooperii).
In N. J. Cutright, B. R. Harriman & R. W. Howe (Eds.), Atlas of the breed-
ing birds of Wisconsin (pp. 162-163). Madison, WI, USA: Wisconsin
Society for Ornithology Inc.

Rosenfield, R. N., Bielefeldt, J., Affledt, J. L., & Beckmann, D. J. (1995).
Nesting density, nest area reoccupancy, and monitoring implications
for Cooper's Hawks in Wisconsin. Journal of Raptor Research, 29,
1-4.

Rosenfield, R. N., Bielefeldt, J., Booms, T. L., Cava, J. A., & Bozek, M. A.
(2013). Life-history trade-offs of breeding in one-year-old male
Cooper’s Hawks. Condor, 115, 306-315.

Rosenfield, R. N., Bielefeldt, J., & Cary, J. (1991). Copulatory and other
pre-incubation behaviors of Cooper’s Hawks. The Wilson Bulletin, 103,
656-660.

Rosenfield, R. N., Bielefeldt, J., Haynes, T. G., Hardin, M. G., Glassen,
F. J., & Booms, T. L. (2016). Body mass of female Cooper’s Hawks
is unrelated to longevity and breeding dispersal; implications for
the study of breeding dispersal. Journal of Raptor Research, 50,
305-312.

Rosenfield, R. N., Bielefeldt, J., Rosenfield, L. J., Booms, T. L., & Bozek, M.
A. (2009). Survival rates and lifetime reproduction of breeding male
Cooper’s Hawks in Wisconsin, 1980-2005. The Wilson Journal of
Ornithology, 121, 610-617.

Rosenfield, R. N., Bielefeldt, J., Rosenfield, L. J., Stewart, A. C., Nenneman,
M. P,, Murphy, R. K., & Bozek, M. A. (2007). Variation in reproductive
indices in three populations of Cooper’s Hawks. The Wilson Journal of
Ornithology, 119, 181-188.

Rosenfield, R. N., Bielefeldt, J., Rosenfield, L. J., Taft, S. J., Murphy, R. K.,
& Stewart, A. C. (2002). Prevalence of Trichomonas gallinae in nestling
Cooper’s Hawks among three North American populations. The Wilson
Bulletin, 114, 145-147.

Rosenfield, R. N., Bielefeldt, J., Sonsthagen, S. A., & Booms, T. L. (2000).
Comparable reproductive success at conifer plantation and non-
plantation nest sites for Cooper’s Hawks in Wisconsin. The Wilson
Bulletin, 112, 417-421.

Rosenfield, R. N., Grier, J. W., & Fyfe, R. W. (2007). Reducing management
and research disturbance. In D. M. Bird & K. L. Bildstein (Eds.), Raptor
research and management techniques (pp. 351-364). Blaine, WA, USA:
Hancock House.

Rosenfield, R. N., Hardin, M. G., Bielefeldt, J., & Anderson, R. K. (2016).
Status of the Cooper’s Hawk in Wisconsin, Wisconsin endangered re-
sources report number 8: With selective retrospective and interpreta-
tion. Passenger Pigeon, 78, 191-200.

Fcology and Evolution 407
= e W1 LEY 7

Rosenfield, R. N., Lamers, D., Evans, D. L., Evans, M., & Cava, J. A. (2011).
Shift to later timing by autumnal migrating Sharp-shinned Hawks. The
Wilson Journal of Ornithology, 123, 154-158.

Rosenfield, R. N., Rosenfield, L. J., Bielefeldt, J., Murphy, R. K., Stewart,
A. C.,, Stout, W. E,, ... Bozek, M. A. (2010). Comparative morphology
of northern populations of breeding Cooper's Hawks. Condor, 112,
347-355.

Rosenfield, R. N., Sonsthagen, S. A, Stout, W. E., & Talbot, S. L. (2015). High
frequency of extra-pair paternity in an urban population of Cooper’s
Hawks. Journal of Field Ornithology, 86, 144-152.

Rosenfield, R. N., Stout, W. E., Giovanni, M. D., Levine, N. H., Cava, J. A., Hardin,
M. G., & Haynes, T. G. (2015). Does breeding population trajectory and
age of nesting females influence disparate nestling sex ratios in two pop-
ulations of Cooper’s Hawks? Ecology and Evolution, 5, 4037-4048.

Serbin, S. P., & Kucharik, C. J. (2009). Spatiotemporal mapping of tempera-
ture and precipitation for the development of a mulitdecadal climatic
dataset for Wisconsin. Journal of Applied Meteorology and Climatology,
48,742-757.

Snyder, N. F. R., & Wiley, J. W. (1976). Sexual size dimorphism in hawks and
owls of North America. Ornithological Monographs, 20, 1-96.

Sonsthagen, S. A., Rosenfield, R. N., Bielefeldt, J., Murphy, R. K., Stewart, A.
C., Stout, W. E,, ... Talbot, S. L. (2012). Genetic and morphological di-
vergence among Cooper’s Hawk populations breeding in north-central
and western North America. The Auk, 129, 427-437.

SPSS (2000). SYSTAT 10 for windows. Chicago, IL, USA: SPSS.

Stanley, S. M. (1988). Paleozoic mass extinctions: Shared patterns suggest
global cooling as a common cause. American Journal of Science, 288,
334-352.

Stout, W. E. (2008). Early breeding records and nesting phenology of Great
Horned Owls in Wisconsin. Passenger Pigeon, 70, 381-388.

Stout, W. E. (2009). First documented eight-egg clutch for Cooper’s Hawks.
Journal of Raptor Research, 43, 75-76.

Stout, W. E., Cassini, A. G., Meece, J. K., Papp, J. M., Rosenfield, R. N., &
Reed, K. D. (2005). Serologic evidence of West Nile Virus infection in
three wild raptor populations. Avian Diseases, 49, 371-375.

Stout, W. E., & Rosenfield, R. N. (2010). Colonization, growth, and density
of a pioneer Cooper’s Hawk population in a large metropolitan environ-
ment. Journal of Raptor Research, 44, 255-267.

Sullivan, A. R., Flaspohler, D. J., Froese, R. E., & Ford, D. (2016). Climatic
variability and the timing of spring raptor migration in eastern North
America. Journal of Avian Biology, 47, 208-218.

Tebaldi, C., Adams-Smith, D., & Heller, N. (2012). The heat is on: US tempera-
ture trends. Climate central report, [online]. Retrieved from http:/www.
climatecentral.org/wgts/heat-is-on/HeatOnReport.pdf (accessed 9
March 2016).

U.S. Department of Commerce. (2000). Washington, DC, USA: U.S.
Department of Commerce. Retrieved from http:/www.census.gov/
main/www/cen2000.htm.

Van Buskirk, J. (2012). Changes in the annual cycle of North American rap-
tors associated with recent shifts in migration timing. The Auk, 129,
691-698.

Van Buskirk, J., Mulvihill, R. S., & Leberman, R. C. (2012). Phenotypic plas-
ticity alone cannot explain climate-induced change in avian migration
timing. Ecology and Evolution, 2, 2430-2437.

Van der Jeugd, H. P, & McCleery, R. (2002). Effects of spatial autocorrela-
tion, natal philopatry and phenotypic plasticity on the heritability of
laying date. Journal of Evolutionary Biology, 15, 380-387.

Visser, M. E., Both, C., & Lambrechts, M. M. (2004). Global climate change
leads to mistimed avian reproduction. Advances in Ecological Research,
35,89-110.

Warkentin, I. G., Espie, R. H. M,, Lieski, D. J., & James, P. C. (2016). Variation
in selection pressure acting on body size by age and sex in a reverse
sexual size dimorphic raptor. Ibis, 158, 656-669, doi:10.111/ibi.12369

Whitlock, M. C., & Schluter, D. (2009). The analysis of biological data.
Greenwood Village, CO, USA: Roberts and Company Publishers.


http://www.climatecentral.org/wgts/heat-is-on/HeatOnReport.pdf
http://www.climatecentral.org/wgts/heat-is-on/HeatOnReport.pdf
http://www.census.gov/main/www/cen2000.htm
http://www.census.gov/main/www/cen2000.htm
https://doi.org/10.111/ibi.12369

ROSENFIELD ET AL.

MWI L Y—Ecology and Evolution

Open Access,

Wood, E. M., & Kellermann, J. L. (2015). Phenological synchrony and bird
migration, changing climate and seasonal resources in North America.
Studies in Avian Biology 47. Boca Raton, FL, USA: CRC Press.

York, J., Dowsley, M., Cornwell, A., Kuc, M., & Taylor, M. (2016).
Demographic and traditional perspectives on the current status of
Canadian polar bear subpopulations. Ecology and Evolution, 6, 2897-
2924, doi:10.1002ece3.2030

Zhao, T., & Schwartz, M. D. (2003). Examining the onset of spring in
Wisconsin. Climate Research, 24, 59-70.

How to cite this article: Rosenfield, R. N., Hardin, M. G,
Bielefeldt, J. and Keyel, E. R. (2017), Are life history events of
a northern breeding population of Cooper’s Hawks influenced
by changing climate? Ecology and Evolution, 7: 399-408.

doi: 10.1002/ece3.2619


https://doi.org/10.1002ece3.2030/undefined
https://doi.org/10.1002/ece3.2619

