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Summary

Nest box programs are frequently implemented for conservation of cavity-nesting birds, but
their effectiveness is rarely evaluated in comparison to birds not using nest boxes. In the European
Palearctic, Red-Footed Falcon (Falco vespertinus) populations are both of high conservation
concern and are strongly associated with nest box programs in heavily managed landscapes. We
used a 21-year monitoring dataset developed from monitoring 753 nesting attempts by Red-footed
Falcons at the Naurzum Zapovednick to evaluate response of demographic parameters of Red-
footed Falcons to environmental factors including use of nest boxes. Variations in lay date and in
numbers of eggs were not well explained by any one model, but instead by combinations of
models with terms for nest type, land cover type and degree of coloniality. In contrast, variation in
both offspring loss and numbers of fledglings produced were fairly well explained by a single
model including terms for nest type, land cover type, and an interaction between the two
parameters (65% and 81% model weights respectively). Because, for other species, early lay dates
are associated with individual fitness, this interaction highlighted a potential ecological trap where
falcons using nest boxes on forest edges at Naurzum lay eggs earlier but suffer greater offspring
loss and produce lower numbers of fledglings than do those in other nesting settings.
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Introduction

A commonly implemented conservation actions for birds is establishment of nest box
programs. Nest boxes are appealing because they are inexpensive and easy to create and install,
they are heavily used by cavity nesting birds, and they are an effective tool for engaging the
general public in conservation and for creating citizen scientists (Brossard et al. 2012). Nest boxes
also are convenientfor avian scientists because they can be placed in accessible locations and
therefore can form the relatively inexpensive foundation of a behavioral, ecological or
conservation research program (Mgller 1989).

Red-Footed Falcons (Falco vespertinus) have a large distribution that stretches from
central Europe through central Asia and even into Siberia (Ferguson-Lees and Christie 2001,
Birdlife 2016).The species is currently the focus of extensive conservation efforts built
aroundscientific study and on recovery of breeding populations via provisioning of large numbers
of nest boxes,especially in Hungary (Fehérvari et al. 2012) and Serbia (e.g., Purger 2008).

We studied the nesting demography of Red-footed Falcons atthe Naurzum Zapovednik
(Naurzum National Nature Reserve)in the core of the species’ Palearctic breeding range. We used
a monitoring dataset developed over 21 yearsthat we collected in Kazakhstan between 1978 and
2015. Unusually for cavity-nesting birds, this dataset presented the opportunity for us to compare
large numbers of nesting attempts in natural nests and in nest boxes. We focused on four
demographic parameters associated with the nesting cycle: lay date, the number of eggs produced,
the number of fledglings produced, and the number of offspring lost between egg laying and
fledging (offspring loss). We asked two primary research questions: (1) how do demographic
parameters vary over time? and (2) how do demographic parameters vary in response to three
environmental factors (use of human-provided nest boxes, by landcover at nest sites, and if nests
were solitary or colonial)?

Methods

Study Area& Focal Species. We monitoredRed-footed Falcon breeding biology in and
around the Naurzum Zapovednick (National Nature Reserve), in the Naurzum Region of the
Kostanay Oblast (state) of north-central Kazakhstan.Established in 1931, the Zapovednik
encompasses 191,381ha at 51°N, 64°E, approximately at the juncture of the northern Siberian
forest and the southern Eurasian steppe. The Zapovednik is described in detail in Katzner et al.
(2003). Typical arrival dates for Red-footed Falcons are in early May, egg laying starts about 30
days later, and the incubation and nestling stages both last about 28 days(Bragin 1989). Falcons
depart from breeding grounds in early September, and they winter insouthern Africa (Katzner et
al. 2016).

Red-footed Falcons are associated with forest-steppe habitat; in general, they nest in trees
and forage over grasslands. At Naurzum, nests are either natural, usuallyin usurped or abandoned
nests of solitary Magpies (Pica pica) and Crows (Corvus corone) or colonial Rooks (Corvus
frugilegus), or in human-provided nest boxes (Bragin 1989).

Data Collection. Over 21 years between 1978 and 2015 (1978-1989, 1991, 1993 and 2009
— 2015), we surveyed the Zapovednick and surrounding lands for evidence of breeding by Red-
footed Falcons. At each nest we described (1) nest type (naturalor human-provided nest boxes),
(2) colonial status (solitary or colonial), and (3) the land cover in which falcon nests occurred
(classified as forest interior orforest edge, the latter including not only true edges but also planted
rows of trees in the steppe). Finally, at each nest we measured three demographic parameters,
including (1) lay date (the date on which the clutch was complete) and thenumbers of (2) eggs,
and (3) fledglings produced. We also calculated a fourth parameter that we called “offspring loss”
and that we defined as the difference between the number of eggs produced and the number of
fledglings produced.

Data Analysis. We built a series of generalized linear mixed models (GLMMs) fit with
maximum likelihood methods to understand the response of each demographic parameter to
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variation in categorical environmental factorsthat we modeled as fixed effects.Because of the
different constraints on and structures of the different demographic parameters we measured, we
specified different distributions for each demographic response.

We evaluated performance of not only the full model (the response variable as a function
of fixed effects for nest type, coloniality and land cover), but also the performance ofall
combinations ofsub-models (n = 6) and of a null model (“Intercept only”, with random effects but
no fixed effects). We also evaluated the performance of two interactions among model parameters
(Nest Type * Land Cover and Nest Type * Coloniality, included only in models with those two
terms). We only included models with interactions in the final model set if the interaction term
improved performance of the same model without the interaction. We used Akaike Information
Criterion values corrected for small sample size (AICc) to rank models and estimate model
weights, and we model averaged parameters across all models with full-model averaging to
incorporate model selection uncertainty.

Results. Of the models describing variation in lay date, the one with the most support in the
datahad a single fixed effect for nest type (39% of weight in our model set; Table 1). Model
averaged estimates suggested that moving from a natural nest to a nest box changed lay date by -
0.25 = 0.086(SE) days (i.e., lay dates were earlier in nest boxes than in natural nests). All other
model parameters were uninformative (i.e., confidence intervals for these parameters included
Zero).

No single model explained a large amount of the variation in egg production by Red-footed
Falcons. The null model for egg production (with a random effect for year) had the most support
in the data. All models in the model set were separated by a maximum AAIC of 5.59, and models
with interactions performed poorly. There were no informative model parameters in the final
averaged model.

The best model describing variation in offspring loss had 64% of the support in the data.
This model had three terms, nest type, land cover and an interaction between those two
parameters (Table 1). Model averaged estimates suggested that the least offspring loss was in a
natural nest and that switching to a nest box on a forest edge increased offspring loss by 0.39 +
0.20 (i.e., more offspring died in a nest boxon the forest edge than in a natural nest). There were
no other informative model parameters in the final averaged model.

The best model describing variation in numbers of fledglings produced had 80% of the
support in the data and was separated from the second model by a AAICc of 5.13. This first model
again included terms for nest type, land cover and an interaction between the two parameters
(Table 1). Model averaged estimates suggested that the greatest number of fledglings was in a
natural nest on the forest edge, and that moving to a nest box on the forest edge resulted in a
substantial decrease in fledgling production (-0.24 + 0.12). There were no other informative
model parameters.

Table 1. - Selection tables for models describing drivers of reproductive performance of Red-
footed Falcons in unmanaged forest-steppe in north-central Kazakhstan. See text
for details on models.

Model df logLikelihood | AICc weights
Nest Type 4 -806.543 1621.1 0.389
NestType + Coloniality 5 -805.898 1621.9 0.269
NestType + Land Cover 5 -806.439 1623.0 0.157
Lay NestType + Land Cover + Coloniality 6 -805.746 1623.6 0.113
Date | Coloniality 4 -810.468 1629.0 0.057
Intercept only 3 -812.321 1630.7 0.003
Land Cover + Coloniality 5 -810.422 1630.9 0.003
Land Cover 4 -812.317 1632.7 0.001
# of | Intercept only 2 -995.361 1994.7 0.369
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Eggs | Nest Type 3 -995.147 1996.3 0.166
Land Cover 3 -995.355 1996.7 0.135
Coloniality 3 -995.360 1996.8 0.135
NestType + Land Cover 4 -995.123 1998.3 0.062
NestType + Coloniality 4 -995.132 1998.3 0.061
Land Cover + Coloniality 4 -995.354 1998.8 0.049
NestType + Land Cover + Coloniality 5 -995.118 2000.3 0.023
I(\:I(e)itefype + Land Cover + Nest Type*Land 6 791.437 1595.0 0.644
NestType + Land Cover 5 -793.779 1597.7 0.172
NestType + Land Cover + Coloniality 6 -793.734 1599.6 0.065

Offspri | Nest Type 4 -796.263 1600.6 0.040
ng Loss | Land Cover 4 -796.662 1601.4 0.027
NestType + Coloniality 5 -795.822 1601.8 0.022

Intercept only 3 -796.309 1602.7 0.014

Land Cover + Coloniality 5 -796.657 1603.4 0.010
Coloniality 4 -798.110 1604.3 0.006

s Type Land Cover  Nest Type*Land |5 | 1063 357 21368 0.800
NestType + Land Cover 4 -1066.932 2141.9 0.062

Land Cover 3 -1068.397 2142.8 0.039

Fi#e g;li NestType + Land Cover + Coloniality 5 -1066.715 21435 0.028
ngs Intercept only 2 -1070.201 2144.4 0.018
Nest Type 3 -1069.218 2144.5 0.017

Land Cover + Coloniality 4 -1068.345 2144.8 0.015
NestType + Coloniality 4 -1068.515 2145.1 0.013
Coloniality 3 -1069.829 2145.7 0.009

Discussion. Nest boxes are a widespread, cost-effective conservation tool whose
implementation has multiple benefits to birds, science and society. Use of nest boxes in this study
allowed us to gather a far greater number of measurements on falcon demography, with
concomitant increases in the strength of our inference, than would otherwise be possible. Because
of this, we were able to observe potential for unexpected demographic effects (e.g., an ecological
trap; Schlapfer et al. 2002, Robertson and Hutto 2006) falcons faced by using some nest boxes.

The interaction between nest type and land cover illustratesthe unexpected consequences
ofconservation actions for Red-footed Falcons (Table 1). There was weak evidence that lay dates
in nest boxes were slightly earlier than in natural nests. Studies of other species suggest that early
nesters are dominant individuals that arrive to nesting grounds earlier and in better condition than
their peers (Marra et al. 1998, Harrison et al. 2011). However, there was good evidence that the
subset of these nest boxes on forest edges had higher offspring loss and, consequentially, lower
output of fledglings. Thus, Red-footed Falcons that nested earlier — presumably those that were
dominant and in better condition — may have ended up in an ecological trap that depressedtheir
reproductive success.

Nest boxes are known to be ecological traps in other settings. In Estonia, Great Tits (Parus
major)that nested in boxes in food-rich deciduous forest laid eggs earlier and produced larger
clutches,but those that nest in boxes in coniferous forest fledged more young that had higher
return rates (Méand et al 2005). Similarly, ducks of several species have lower reproductive
success in nest boxes because of density dependence or higher brood parasitism (Schlapfer et al.
2002, Ménd et al. 2005).Likewise, Barn Owls hatched in nest boxes had lower survival than those
hatched in church towers without boxes (Klein et al. 2007).

Although the functional cause of the lower quality of certain nest boxes at Naurzum is
unclear, there are several possible candidate explanations. These include (1) a potential increase in
predation rates at artificial nests on edges, (2) overheating in unventilated nest boxes exposed to
greater sunlight on edges than in the interior, or (3) fluctuations in habitat quality such that edge
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habitats are better earlier in the season but become lower quality during the rearing phase.There is
evidence from other systems to support all three of these explanations. Regardless of the cause,
these circumstancesmay have minimal short-term relevance in transformed landscapes where nest
boxes are the only good option to supplement breeding opportunities (e.g., Red-footed falcons in
central Europe).
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reserve

JIanun A.A., laBbiropa A.B.

Opauronornueckas ¢ayHa 3aypanpHo pomm rtopoxga OpenOypra u ee
J0JITOBPEMCHHAA JTHHAMHKA

The ornithological fauna of the Zauralnaya grove and its long-term dynamics

Eauna E.E.

CocTosHue 6MopazHO00pa3Hsi MIEKONUTAIOIINX B TOCYAapPCTBEHHOM ITPUPOAHOM
3anoBegHuKe «OpeHOYypreKuing

The status of the biodiversity of mammals in the Orenburg State Nature Reserve
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MATEPUWANBI Il MEXXQYHAPOOHOW HAYYHOW KOH®EPEHLIUN
«BUONOIMNM4YECKOE PA3BHOOBEPA3UE ABUATCKUX CTEMEW»

EcenbexoBa I1.A., bparuna T.M.

K ¢dayne nomyxectrkokpsuibix (Insecta: Heteroptera) Hayp3ymckoro 3amoBeaHuka

To the fauna of Hemiptera (Insecta: Heteroptera) of the Naurzum Reserve

3eiinesioBa MLA.

OCHOBHBIE pAaCTHTENBbHBIE COOOIIECTBAa KalbIeUTHBIX cTerne Hayp3aymckoro
3aroBeIHUKA

Main plant communities of calciphyte steppes in Naurzum reserve

3eiinesioBa MLA.

drnopuctudeckoe pazHooOpasue 1o Tunam 3xKocuctem ydactka Haypsym-Kaparait

A floristic variety on types of ecosystems of the site Naurzum-Karagay

3eiinesioBa MLA.

Tunel pacTUTENBHOCTH ¥ MOHHUTOPHHT pa3HOOOpasus (ropbl UM PpacTHUTENBHOCTU
Haypsymckoro 3anoBegHuka

Vegetation types and monitoring the diversity of flora and vegetation of the reserve
Naurzum

Kessler ML.E.

Recent research on the ecology and conservation of the Great Bustard Otis tarda in
Asia

Cospemennvie ucciedosanus no 3Koa02uu u coxpaneruto opogul(Otis tarda) 6 Azuu
Hypywmes M.JK., baiitanaes O.A.

O BO3MOKHOCTH BO3POJIMThH CTEIHOTO TaprnaHa B Kazaxcrane

About a opportunity to revive steppe Tarpan in Kazakhstan

Todd E. Katzner, Alexander E. Bragin, Evgeny A. Bragin

Are nest boxes ecological traps for red-footed falcons Falco vespertinus at Naurzum
Asnsaromces i 2He3008ble AUUKY IKOIOSUYeCKUMU 1o8yuKamu 015 kobuuxka Falco
vespertinus ¢ Haypsyme

Jlappunenko E.C., Kanamnunkosa B.U.

Jletnsist opuurodayHa yuactka bypTuHckas crenb rocyJapcTBEHHOTO MPUPOTHOTO
3anoBegHuKa «OpeHOypreKuin»

Summer avifauna of the site Burtinskaya steppe Orenburg national nature reserve
Munopaunckmnii B.A., /lanskos B.H.

Tpanchopmanuu B opHuTO(payHE 3aNOBEIHBIX TEPPUTOPHI HA MpPUMEpE 3alOBETHUKA
«PocToBckuin»

Transformation of the protected areas aviafauna in the natural reserve “Rostovskiy”
Hapos ML.A.,Tesemic E.X.

bopanpaiitaynbiy peiaukTi (KoHE) ©CIMIIKTEPl

Relict plants of Boraldaytaua

Hypywmes M.JK., bakemosa 7K.Y.

[IpupoaHO-3KOIOTHYECKHI KapKac, MOCIe0BaTeIbHOCTh U MIEPCIIEKTHBA €€ PellleHus
B Kazaxcrane

Natural and ecological framework, sequence and prospect of its decision in
Kazakhstan

ITepexorun 10.B.

Vsi3BumebIe anieMeHTHl Griopsl Kocranaiickoid oGmacTu

Vulnerable elements of flora of the Kostanay region

Camoyy A..

Oco00 oxpaHsieMble PUPOAHBIE TEPPUTOPUU TYBBI U MEPCIEKTUBBI UX PA3BUTHS
Protected areas of Tuva and the prospect of their development
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