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Abstract Woodpecker species whose cavities are most usurped by Common Starlings (Sturnus
vulgaris) are widespread and generalists in their use of habitats. These include primarily woodpeckers that are
similar in size to or slightly larger than the starling — such as the Great-spotted Woodpecker (Dendrocopos major)
of Eurasia and the Northern Flicker (Colaptes auratus) and Red-bellied (Melanerpes carolinus) and Red-headed
(M. erythrocephalus) Woodpeckers of North America. Usurpation occurs primarily in human-dominated urban,
suburban and exurban habitats with pastures, sports fields and other open areas that serve as prime feeding habi-
tats for starlings. Starlings prefer high, more exposed cavities with a minimal entrance diameter relative to their
body size. Usurpation success depends on timing — optimally just as a cavity is completed and before egg-lay-
ing by the woodpeckers. Starlings likely reduce woodpecker populations in more open, human-dominated habi-
tats. Woodpecker habitat losses and fragmentation are more serious problems that enhance habitat quality for star-
lings and reduce habitat quality for most woodpeckers. The only woodpeckers that might become in danger of
extinction as a primary result of starling cavity usurpation are likely island species with small populations. Con-
servation of rare species limited to islands, such as Fernandina’s Flicker (Colaptes fernandinae) of Cuba, may
depend on our ability to prevent the establishment of the Common Starling or other aggressive cavity competi-
tors on their island.

Understanding and interpreting impacts of woodpecker cavity usurpation must include consideration of past
woodpecker and Common Starling population fluctuations, breadth of habitats used by woodpecker species, and
habitat limitations of Common Starlings. Conservation efforts for woodpeckers and other primary and secon-
dary cavity-nesting species must focus on changes in tree, forest and ecosystem management to encourage main-
tenance of dead wood, large contiguous tracts that include diverse tree species and old growth, and forested link-
ages among such areas.

Keywords: woodpecker, Sturnus vulgaris, nest-site competition, habitat

Osszefoglalas Azon harkélyfajok, amelyek oduit gyakran elfoglaljék a seregélyek (Sturnus vulgaris), széleskorii-
en elterjedtek, és élohelyhasznalat szempontjabol generalistak. Ilyen példaul a hasonlo vagy a seregélynél alig na-
gyobb testmérettel rendelkez6 nagy fakopancs (Dendrocopos major) Eurdpaban, az aranykilld (Colaptes auratus),
a karolinai (Melanerpes carolinus) és a vorosfejii kiillé (M. erythrocephalus) Eszak-Amerikaban. Az oduk elfogla-
lasa nagyrészt emberlakta/alakitotta él6helyeken jellemz6, ahol legeldk, sportpalyak és olyan nyilt teriiletek talal-
hatoak, melyek taplalkozasi lehetGséget biztositanak a seregélyek szamara. A seregélyek elssorban a magasabban,
szabadon elhelyezkedd, ¢és testméretiikh6z mérve relative kisebb atmérdjii bejarattal rendelkez6 odukat részesitik
elényben. Az odik elfoglalasa nagyban fligg az id6zitéstél: akkor a legeredményesebb, amikor az odii mar kész
van, de a harkalyok még nem kezdtek tojast rakni. Ugy tiinik, hogy a seregélyek hozzajarulnak a harkalyok em-
ber uralta teriileteken bekdvetkezd populacidinak csokkenéséhez. Azonban a harkalyok él6helyeinek megsziinése
és feldarabolodasa ennél komolyabb problémat jelent, hiszen a seregélyek szamara kedvezébb él6helyi feltételek
a harkalyok szamara csokkend ¢l6helymindséget jelentenek. Az egyetlen harkalyfaj, amely a kihalas szélére kertilt
a seregélyek odtielfoglalasanak koszonhetden, kis populacioval rendelkez6, szigetlako faj. A ritka, szigetlako fajok
védelme, mint példaul a Fernandina-kiill6 (Colaptes fernandinae) Kubaban, nagyban fligg attol, hogy mennyire va-
gyunk képesek megakadalyozni a seregély vagy mas agressziv fajok odtfoglalasi tevékenységét.
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Az odufoglalasok megértéséhez figyelembe kell venni mind a harkalyok, mind a seregélyek populacioinak
multbeli ingadozasat, valamint a harkalyok és seregélyek ¢ldhelyhasznalatat. A harkalyokra és mas odulakoé fa-
jokra iranyulo természetvédelmi torekvésekben — a fa-, erd6- és okoszisztéma-gazdalkodason keresztiil — 0szto-
nozni kell a holt faanyag mindenkori jelenlétét, a hosszu, egybefiiggd savok biztositasat, melyekben kiilonbo-
z0 fafajok és Oreg novényzet is megtalalhato, ugy, hogy a teriiletek kozotti erddkapcsolatok biztositva legyenek.

Kulcsszavak: harkaly, seregély, fészkel6hely, kompeticio, ¢16hely
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Introduction

As primary cavity nesters, woodpeckers are “keystone species” — they excavate nest and
roost cavities that become prime real estate for a host of secondary cavity nesters. Secon-
dary cavity nesters compete for abandoned woodpecker cavities and those formed by natu-
ral decay or other processes, or they may usurp an active nest or roost cavity from a primary
or another secondary cavity nester. The Common (or European) Starling (Sturnus vulgaris)
is a secondary cavity nester, well known to usurp active woodpecker cavities. This species
will be the primary cavity competitor focused on in our assessment of the relationship be-
tween starlings and woodpeckers.

Native to Eurasia, the Common Starling has been introduced elsewhere and is now found
on every continent except Antarctica and on many islands. Woodpeckers in Eurasia have co-
existed with multiple species of starlings (Sturninae) for millennia. But even in Eurasia, star-
lings sometimes usurp cavities occupied by woodpeckers. There is little discussion of usur-
pation of active roost or nest cavities by starlings in Eurasia (but see Lohrl 1956, Mazgajski
2000, Smith 2005, 2006 for focus on the issue).

In contrast to Eurasia, the impacts of starling competition on woodpeckers have been
more extensively studied in North America (e.g. see references in Ingold 1989, 1994, 1996,
1997, 1998, Ingold & Densmore 1992, Koenig 2003). North American woodpeckers have
been challenged by competition from the Common Starling for their nest and roost cavities
for a little over a century. The frequency, timing and impacts of such usurpation need further
quantification, but vary among woodpecker species and habitats.

Wherever they are found, Common Starlings fill a broad niche and seem intimately adap-
ted for living in human-altered landscapes (Kalmbach 1921, Feare 1984, 1989, Feare &
Craig 1999, Jackson 2003a). They are omnivorous and feed in mowed grass, open agricul-
tural fields, along roadsides and in other open areas. They often take advantage of the re-
fuse of human patrons near fast-food restaurants, open dumps and open garbage receptacles.
Starlings usually search for food in groups and often nest in niches and cavities in build-
ings and other structures, roost in our parks, wooded residential areas, woodland edges, and
on utility towers and lines. Common Starlings are gregarious and outnumber other species
in most human-dominated ecosystems. As this starling’s numbers grew and populations
spread naturally and through human introduction, they initially drew favorable attention to
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themselves as consumers of harmful insects (leading to many more introductions), but once
established, they soon were considered serious agricultural pests and their massive winter
roosts considered health hazards (Feare & Douville de Franssu 1992, Pimentel et al. 2000).
Perhaps it is no wonder that, in a review of the phenomenon of nest usurpation in birds, Lin-
dell (1996) found that a disproportionately high percentage of reports dealt with Common
Starlings and cavity nests.

Successfully introduced to North America in 1890-91, the Common Starling was soon re-
ported aggressively usurping cavity nest sites of many native birds. Between 1901 and 1903,
ornithologist Harold H. Bailey observed the introduced Common Starlings in the New York
area. He was one of the first to describe how starlings were competing for cavities and caus-
ing other damage. The government response, to paraphrase Bailey, was: “We’ll study them
before taking action” (Bailey 1925).

Forbush (1915) referred to the starling’s ability to usurp cavity nests as “combativeness per-
sonified”. Kalmbach and Gabrielson (1921) reported that “flicker nests were said to be usurped
by the wholesale”. Moore (1937) assessed the situation in Missouri just after the starling ar-
rived there. He also saw problems for native birds, but, with a more sanguine view, sugges-
ted that there would be a “slight decrease, over a long period of time, in the number of nesting
bluebirds and woodpeckers.” Others have not been so optimistic. Martin et al. (2004) charac-
terized the Common Starling in North America as our “most aggressive secondary cavity nes-
ter”. Today the starling may be the most abundant bird in North America. Its exotic status and
success in usurping the cavities of native birds garnered much attention as it spanned the con-
tinent in a little over half a century (Cooke 1925, Kessel 1953, 1957, Cabe 1993).

During the 19" century as global human populations grew, forests were opened up or
cleared for agriculture and cities and towns, climate changed and populations of Common
Starlings grew, expanding the species’ range through natural dispersal and introductions by
humans (Berthold 1968, Fear 1984). During the last half of the 20" century Common Star-
ling populations began a decline in many areas, perhaps a result of changes in agriculture.
There are now fewer pastures that were once the prime foraging habitats for starlings (Smith
& Bruun 2002, Bruun & Smith 2003). Though still abundant in many areas, the starling de-
clines in northern Europe have been consistent among many countries (Svensson 2004,
Robinson et al. 2005, Vysotsky 2005, Freeman et al. 2007, Szép et al. 2012).

Common Starlings reached much of western North America only by the mid-20" centu-
ry and since then their populations have continued to grow. They seem to have begun a de-
cline in eastern North America, although that decline is less evident than in Europe (John-
ston & Garrett 1994).

In this review we explore the interrelationships between woodpeckers and starlings rela-
tive to cavity use, and how they might differ between Eurasia and North America. Examples
of specific cases — where past history, current forest management and niche complexity play
roles in fostering cavity competition between and among species — will be used to focus on
how ignoring these factors might lead to misunderstanding of both woodpecker and starling
population dynamics. Major emphases will be on species of woodpeckers that have been re-
ported as having suffered cavity usurpation attempts by starlings (7able 1), conditions un-
der which the competition occurs, impacts and potential impacts of competition, and roles
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Table 1.

Woodpecker species reported to have suffered cavity usurpation efforts by Common Starlings

1. tdbldzat Azon harkalyfajok, amelyeknél megfigyelték a seregélyek odufoglalasat

Woodpecker species that have suffered
Common Starling cavity usurpation
attempts

Reported location
(References for usurpation efforts)

Notes

Lewis's Woodpecker (Melanerpes lewis)

California (Bock 1970)

Colorado (Hadow 1973, Tashiro-Vierling 1994,
Vierling 1998)

British Columbia (Cooper et al. 1998)

Red-headed Woodpecker
(Melanerpes erythrocephalus)

Florida (J. Jackson personal observation)

lowa (Polder 1963)

Mississippi (Ingold 1989, J. Jackson personal
observation)

Ohio (Ingold 1994)

Ontario (Frei et al. 2015)

Acorn Woodpecker (Melanerpes formicivorus)

California (Troetschler 1970, 1976, Riensche &
Cogswell 1993)

Jamaican Woodpecker
(Melanerpes radiolatus)

Jamaica, St. Ann Parish (Jeffrey-Smith 1972)

Gila Woodpecker (Melanerpes uropygialis)

Arizona (Brush 1983, Kerpez & Smith 1990)

New Mexico (Brenowitz 1978)

Golden-fronted Woodpecker
(Melanerpes aurifrons)

Texas (Husak & Maxwell 1998)

Red-bellied Woodpecker
(Melanerpes carolinus)

Florida (Breitwisch 1977, J. Jackson personal
observation)

Illinois (Stickel 1963)

Kansas (J. Jackson personal observation)

Mississippi (Ingold 1989, J. Jackson personal
observation)

Ohio (Ingold 1994)

Oklahoma (Sutton 1984)

West Indian Woodpecker
(Melanerpes superciliaris)

Bahamas (Willimont 1990)

Yellow-bellied Sapsucker
(Sphyrapicus varius)

Ontario (Lawrence 1967)

unsuccessful effort

Middle-spotted Woodpecker
(Dendrocopos medius)

Poland (Kosinski & Ksit 2006)

Syrian Woodpecker (Dendrocopos syriacus)

Poland (Michalczuk & Michalczuk 2016)

Serbia (Szlivka 1957)

Great-spotted Woodpecker
(Dendrocopos major)

Britain (Glue & Boswell 1994, Smith 2005, 2006)

Germany (Lohrl 1956)

Poland (Kosinski & Ksit 2006)

Nuttall's Woodpecker (Picoides nuttalli)

California (Riensche & Cogswell 1993)

“increased observed
competition” no details

Downy Woodpecker (Picoides pubescens)

California (Riensche & Cogswell 1993)

“increased observed
competition” no details
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Woodpecker species that have suffered
Common Starling cavity usurpation
attempts

Reported location

(References for usurpation efforts) Notes

Black-backed Woodpecker (Picoides arcticus) | Ontario (Ferguson 1938)
New Hampshire (Shelley 1933, Kilham 1968,

Hairy Woodpecker (Leuconotopicus villosus) 1969, 1971)
Ontario (Lawrence 1967)

Georgia (J. and B. Jackson personal
observations)

Red-cockaded Woodpecker

(Leuconotopicus borealis) North Carolina (J. Jackson personal observation)

South Carolina (Dennis 1971, J. and B. Jackson
personal observations)

White-headed Woodpecker

(Leuconotopicus albolarvatus) SiedeniiGaneiieraiito)

Arizona (Kerpez & Smith 1990)
California (Troetschler 1970, 1976)

Northern Flicker (Colaptes auratus)
Florida (J. and B. Jackson personal observations)

New Hampshire (Shelley 1935, Kilham 1973)

Gilded Flicker (Colaptes chrysoides) New Mexico (Brenowitz 1978)

Golden-breasted Woodpecker

(Colaptes melanolaimus) Argentina (Ifran & Fiorini 2010)

starling egg laid in
active Pileated nest
chased starling that
approached nest

New York (Hoyt 1948, 1957)

Pileated Woodpecker (Dryocopus pileatus)
Georgia (Kilham 1979)

Great Britain (Turner 1908, Glue & Boswell 1994,
Short 1982)

Grey-headed Woodpecker (Picus canus) Germany (Lohrl 1956) probable, no details

Eurasian Green Woodpecker (Picus viridis)

of habitat and habitat changes on the dynamics of woodpecker-starling competitive interac-
tions. We will also focus on a wider scale — woodpeckers, starlings, humans and habitats —
how they have changed over the past century and how that history has influenced the eco-
systems of starlings and woodpeckers.

Characteristics of woodpecker cavities and their use by woodpeckers

Woodpeckers excavate their own cavities, although a few species sometimes use nest boxes,
natural cavities, or usurp the cavities of other woodpeckers. Woodpeckers not only nest
in tree cavities, but also routinely roost in them. The result is likely a reduction in noctur-
nal mortality or at least a reduction in energy expenditure due to weather. For most wood-
peckers, each adult usually roosts in a separate cavity and the nest site is typically the male’s
roost cavity. Woodpeckers add no nest material to the cavity, but chip wood from the cavi-
ty’s interior to leave a bed of clean chips on the bottom of an active nest. Many woodpeckers
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excavate a new cavity each year and abandon the old one as decay progresses. Using a new
cavity may also thwart a predator that has had hunting success at a previously used cavity —
a risk for all secondary cavity-nesters. This intimate, year-round link to a cavity is charac-
teristic of woodpeckers, but not of most Common Starlings. Some non-migratory Common
Starlings show a similar year-round link to a cavity (Lombardo et al. 1989), but others join
wintering migrant starlings favoring large communal roosts that shift as availability of food
resources changes (Morrison & Caccamise 1985).

A cavity excavated by a woodpecker generally has an entrance that is no larger in diame-
ter than is necessary for the woodpecker to enter. The assumption is that a smaller cavity en-
trance provides greater protection from predators and weather (Short 1979). Available data
for woodpecker cavity entrance size is scant, often without indication of how the entrance
diameter was measured, and rarely with measurements for both horizontal and vertical dia-
meter. It is also confounded by other irregularities such as enlargement of cavities by wear
from continued use, and enlargement by other woodpeckers or squirrels.

Measurement of cavity entrance parameters is fraught with problems that do not allow
analysis that requires precision data. In one case cavity entrance parameters were estimated
from the ground by using a bird at the cavity as a “tool” for making the estimate to the near-
est centimeter. In another case a metric ruler was taped to a long pole, held in front of the
cavity, and the diameter read through binoculars from the ground. In both cases the mean
entrance diameter for the species was presented to the nearest millimeter. Such data have
limited use. Even more problematic, authors often do not describe how cavity measure-
ments were taken. Thus data we gleaned from the literature and included in 7able 2 should
be viewed with an understanding of its potential limitations and used with caution. We use
the data in 7able 2 only to suggest potential cavity usefulness to Common Starlings and to
demonstrate potential cavity-entrance variability within and among species. Examples of
useful cavity dimensions often measured are shown in diagrams in Kerpez and Smith (1990)
and Remm et al. (2006).

Widespread species, such as the non-migratory Hairy Woodpecker of North America and
the Great-spotted Woodpecker of Eurasia, vary geographically, often showing clinal varia-
tion in body size consistent with Bergman’s Rule as it relates to warm-blooded vertebrates.
Here we use body mass (g) to suggest relative body size within and among species (Table 3).
In colder climates body size is larger (reducing surface area per mass) and appendages rela-
tively smaller — adaptations that reduce heat loss. In the Hairy Woodpecker, for example,
mean body mass at the northern limits of this sedentary species can exceed 95 g, while at its
southern limits can be about 44 g (Jackson et al. 2002). It also seems likely that cavity en-
trance size varies geographically and that potentially a species’ nest cavities might be sui-
table for starling use in some regions, but not in others.

Body mass varies not only geographically, but seasonally, with time of day, sex, age and
health. When body mass is taken, it should be recorded in the context of all of these parame-
ters. Usually it is not, thus such data out of context are useful primarily as a general indica-
tion of body size. In this review we were interested in body mass as an indication of a wood-
pecker’s cavity potentially being suitable as a Common Starling’s nest site and as a potential
factor in both woodpecker and Common Starling potential for success in cavity usurpation.
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Table2.  Cavity entrance dimensions reported for woodpecker species reported to have suffered
cavity usurpation attempts by Common Starlings

2. tabldzat A seregélyekaltal elfoglalt oduk ropnyilasainak atmérdi (a ropnyilas vizszintes, fliggbleges
és nem ismert irdnyu &tméréjének terjedelme)

Cavity Entrance Diameter (cm)’
Species Horizontal | Vertical | Unknown | ocation | ReferencesforCavity
Range Range Range Dimensions
(Mean) (Mean) (Mean)
Lewis's Woodpecker (6.2) NA? Tobalske 1997
Wi
(Melanerpes lewis) 6‘(:;_77)'5 California | Bock 1970
(587) Wyoming fggt;wﬂler&Anderson
Red-headed Woodpecker B
(Melanerpes erythropcep halus) (5.6) Colorado | Sedgwick & Knopf 1990
5'(2_27)'6 6'(2_97)'4 Kansas Jackson 1976
a;:;;n\évrz‘;?ziﬁiec;vorus ) California | Troetschler 1976
Jamaican Woodpecker 47-7.7 )
(Melanerpes radiolatus) (6.5) Jamaica Cruz 1977
Gila Woodpecker (6.3) (5.7) Arizona Kerpez & Smith 1990
i
(Melanerpes uropygialis) (5.5) (5.1) Arizona |1\/I9c£3ullffe &Hendricks
(G,\;’l‘f::;;‘;?fu‘ii‘ggss‘jpec"er 4.9) (5.5) Texas Husak & Maxwell 1998
Red-bellied Woodpecker 5.7-6.4 5.1-6.2
(Melanerpes carolinus) (5.9) (5.7) Kansas Jackson 1976
West Indian Woodpecker
(Melanerpes superciliaris) ek
\(/;/2;;;2;72; ?ﬁﬁ;‘;;:j;) (4.0) Colorado Dobbs et al. 1997
3.2-4.1 Maine Brewster 1876
Yellow-bellied Sapsucker
(Sphyrapicus varius) 4'(1“65)'6 Colorado | Ingold & Ingold 1984
British
(3.8) (4.1) gg:?bn(;g'a’ Erskine & McLaren 1972
Red-naped Sapsucker Parklands
(Sphyrapicus nuchalis) B 5 British
3'(23 g)] 3'(1 25)'7 Columbia, | Walters etal. 2002b
’ ) Hat Creek
(4.0) (4.6) Oregon Dobkin et al. 1995
3.9-57 43-54 British
Red-breasted Sapsucker (4.6) 4.7) Columbia Joy 2000
Sphyrapicus ruber,
(Sphyrap ) (3.8) California | Raphael & White 1984
Lesser-spotted Woodpecker 3.5-5.1 | Great
(Dryobates minor) (3.9 Britain Glue & Boswell 1994

' All data in this table are rounded to the nearest 0.1 cm, although level of accuracy is likely much less for reasons discussed in the text.
2NA = Data not available.
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Cavity Entrance Diameter (cm)’
Species Horizontal | Vertical | Unknown | ocation | ReferencesforCavity
Range Range Range Dimensions
(Mean) (Mean) (Mean)
Syrian Woodpecker (35) NA Snow et al. 1998
(Dendrocopos syriacus) (4.5) Yugoslavia | Szlivka 1957
Middle-spotted qudpecker (5) NA Snow et al. 1998
(Dendrocopos medius)
3.9-5.0 (4.3) | Estonia Remm et al. 2006
Great-spotted Woodpecker
(Dendrocopos major) 48-76 | Great Glue &Boswell 1994
(5.8) Britain
Nuttall's Woodpecker 4-8 - )
(Picoides nuttalli) (5.0) California Miller & Bock 1972
2.5-2.9 E:)Iltlsr:bia Campbell et al. 1990
Downy Woodpecker u
(Picoides pubescens) 2.8-3.8 | lllinois Calef 1953
3.2) Ohio Oberholser 1896
Black-backed Woodpecker (4.4) California | Dixon & Saab 2000
(Picoides arcticus) 33-4.1 | Wisconsin | Eckstein 1983
Massachu-
HL airy Woodpecker” (3.8) 4.8) cetts Bent 1939
euconotopicus villosus,
( P ) (4.8) Colorado Ingold & Ingold 1984
North )
4.1 4.1 . Price 1971
Red-cockaded Woodpecker @.1) 1) Carolina
Leuconotopicus borealis,
( P ) (3.8) (3.5) Sauf Cely 1985
Carolina
(4.6) California | Garrett et al. 1996
White-headed Woodpecker (4.5) (4.8) Oregon Garrett et al. 1996
(Leuconotopicus albolarvatus) central
(4.8) (5.0 Garrett et al. 1996
Oregon
eastern
36127 | \orth Burns 1900
(8.3) .
America
(8.3) (7.0) Arizona Kerpez & Smith 1990
7.1-94
Northern Flicker (Colaptes auratus) 8.4) Colorado | Ingold &Ingold 1984
(6.6) Colorado | Sedgwick & Knopf 1990
(6.6) Wyoming | Gutzwiller & Anderson 1987
42-9.6 | British .
(6.4) Columbia Wiebe 2001
(7.0) (8.3) Arizona Kerpez & Smith 1990
Gilded Flicker (C. chrysoides) (8.6) (6.8) Arizona McAuliffe & Hendricks 1988
(4.6) Colorado Ingold & Ingold 1984
(7.6) California Carriger & Wells 1919
Pileated Woodpecker (8.3) (10.8) New York | Hoyt 1957
(Dryocopus pileatus)® 9) (12) Oregon Bull 1987
(8.9) (11.4) Tennessee | Humphrey 1946

3 All of the data shown here for Pileated Woodpecker appears in Bull and Jackson (1995), but there is rounded to the nearest 0.5 cm.
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Cavity Entrance Diameter (cm)’

Species Horizontal | Vertical | Unknown | ocation | ReferencesforCavity
Range Range Range Dimensions
(Mean) (Mean) (Mean)
Black Woodpecker 7.5-8.6 )
(Dryocopus martius) 7.9) Estonia Remm et al. 2006
Eurasian Green Woodpecker 44-57 | Great
(Picus viridis) (5.3) Britain e
(6.6) (5.7) Arizona Kerpez & Smith 1990
4.1-79
Common Starling (5.3) Colorado | Ingold & Ingold 1984

Sti Igari
(Sturnus vulgaris) (6.5) Colorado Sedgwick & Knopf 1990

(6.2) Wyoming Gutzwiller & Anderson 1987

Starlings also show geographic variation in body size (Blem 1981), but more data and
more evaluation of it are needed. Since northern populations of starlings are migratory and
leave colder regions, geographic size variation may not be as dramatic as in resident wood-
pecker species. Table 3 also includes data for Common Starling body mass for comparison
with the woodpecker data. Much of the literature on starling body mass is based on experi-
mental manipulation of birds in captivity and such data are not included in Table 3.

The Starling has been described as a “compact, stocky” bird (Cabe 1993) — short, but not slen-
der, thus one that might need a larger cavity entrance than a more slender bird of the same mass.
In addition it has been shown that both male and female Common Starlings reach their peak
mass just prior to nesting (Hicks 1934), thus might require a larger cavity entrance at that time.

Woodpecker cavities vary in many other ways including the depth of the cavity, variation
in the diameter of the entrance tunnel, size of the nesting chamber, thickness of the walls,
direction of opening and height above ground. These may vary among woodpecker species,
among individual cavities within a species, among tree species and size, and by the extent of
fungal decay. Other factors such as wear and enlargement by another species may alter the
characteristics of a cavity after excavation by its original owner.

Red-cockaded Woodpecker cavities are often used for years, and by multiple generations,
and cavity entrances are enlarged by wear over time and often by other potential cavity usurp-
ers. In addition, those species that excavate a cavity in a living tree, such as Red-cockaded
Woodpeckers, often begin their cavity at or just below a fungal-decayed branch stub that is
surrounded by sound wood (Jackson & Jackson 2004). They then follow the decay through a
tunnel of rotted wood and down through rotted hardwood, creating an entrance tunnel three or
more inches long before turning downward. This can result in the narrowest part of the cavity
entrance being inward from the surface of the tree and difficult to measure.

Clearly, more precise and more consistently collected data are needed before we can ful-
ly understand the significance of variation in both woodpecker body size and cavity-dimen-
sion parameters.
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Table 3. Body mass (g) of Common Starlings and woodpeckers that suffer from or potentially
could suffer from cavity usurpation by starlings

3.tdbldzat A seregélyek altal elfoglalt odukat készité harkalyfajok, illetve a seregélyek testtomege
(himek, tojok, illetve az ivarra nem hatdrozott egyedek esetében). A helyszineknél az,NA”
nem elérhetd adatot jelent

Body Mass (g)'
Species Range (Mean) References for Mass
Male Female e
unknown
85-138 NAZ (Short 1982)
108-138 el .
Lewis's Woodpecker (Melanerpes lewis) (116) California (Dunning 1993)
105-122 88.3-106
(113) 99) Montana (Tobalske 1996)
61-97 NA (Short 1982)
Red-headed Woodpecker
(Melanerpes erythrocephalus) 56(71 1_96())5 Ontario (Dunning 1993)
62-90 NA (Short 1982)
Acorn Woodpecker (82.9) (78.1) California (Dunning 1993)
(Melanerpes formicivorus) : :
(81.8) (77.5) California (Dunning 2008)
92-131 | Jamaica (Short 1982)
Jamaican Woodpecker (108) Jamaica (Dunning 1993)
(Melanerpes radiolatus) 973-1305 | 916-1185 Jamatca (Cruz 1977)
(114.8) (102)

51-79 NA (Short 1982)

Gila Woodpecker (Melanerpes uropygialis) _ _
¥9 >4.6-806 >38-67 Arizona (Dunning 2008)

(69.7) (60)
67-100 NA (Short 1982
Golden-fronted Woodpecker ( )
(Melanerpes aurifrons) 73-99 66-90 San Luis Potosi, Mexico (Selander
(85.4) (76.4) 1966, Dunning 1993)
Red-bellied Woodpecker 67-91 NA (Short 1982)
(Melanerpes carolinus) (67.2) (56.2) Florida (Dunning 1993)
70-126 | NA (Short 1982
West Indian Woodpecker 13993 | 673735 (Shor )
(Melanerpes superciliaris) 599, >=/3. ;
(842) 71.0) Cayman Islands (Dunning 1993)
- 44-64 | NA (Short 1982)
Williamson's Sapsucker
(Sphyrapicus thyroideus) 44(;17—56?3 Nevada (Dunning 2008)
Yellow-bellied Sapsucker (Sphyrapicus varius) 43-45 NA (Short 1982)

' Weights for woodpecker species provided as given in Short (1982) are presumably from specimen labels; Short gives no indication for source
or sample size of weight data or, in most cases, for weight differences between sexes. Frugis et al. (1988) include the weight data provided in
Short (1982). We provide additional weight data from sources that identify location, sex, and additional information. These additional data may
provide indication of some of the extent of species’ geographic and sex specific variation - and perhaps limitations of available data. Weights
from Dunning (1993, 2008) are often from banding (ringing) efforts and often include large sample sizes (rarely 100+) but seasonality and time
of day data are not provided - two factors that greatly influence variation in weights. Note that Dunning 1993 and 2008 each includes data not
in the other publication

2 NA = Locality data not available



J. A. Jackson & B. J. S. Jackson

11

Body Mass (g)'
Species Range (Mean) References for Mass
Male Female o
unknown
37-61 NA (Short 1982)
36-54.9 . .
Red-naped Sapsucker (45.9) Arizona (Dunning 2008)
Sphyrapicus nuchalis,
(Sphyrap ) (50.5) (49.2) British Columbia (Dunning 2008)
(47.4) California (Tobalske 1996)
39-60 NA (Short 1982)
Red-breasted Sapsucker (58.3) (57.7) British Columbia (Dunning 2008)
(Sphyrapicus ruber)
40.1-54.7 . . .
(48.9) California (Dunning 2008)
50-85 NA (Short 1982
Middle-spotted Woodpecker (Shor )
(Dendrocopos medius) 5&_;0 Central Europe (Dunning 2008)
70-82 NA (Short 1982)
Svri ; 76.0-82.0 .
yrian Woodpecker (Dendrocopos syriacus) (79.5) SE Europe (Dunning 1993)
70-83 NA (Snow et al. 1998)
58-110 NA (Short 1982)
50-80 NA (Snow et al. 1998)
71-83 _ )
Great-spotted Woodpecker (816) | Britain (Dunning 2008)
(Dendlocoposmaion it el China (Dunning 2008)
(76) (69) .
70-87 68-79 .
76) (72.7) Netherlands (Dunning 2008)
Nuttall's Woodpecker (Picoides nuttalli) 32&;@‘;’1 Lowther 2000
(27.8) (28.6) Hoover 1972
Downy Woodpecker (Picoides pubescens) (216) | Georgia (Dunning 2008)
26-29.1 22.2-285 . .
(27.5) (25.9) Pennsylvania (Dunning 2008)
Black-backed Woodpecker
(Picoides arcticus) 61-88 | NA (Short 1982)
38-94 NA (Short 1982)
(51.7) Bahamas (Dunning 2008)
Baja California, Mexico (Dunning
60 524
Hairy Woodpecker (60) (524) 2008)
Leuconotopicus villosus, = =
( p ) 60'?707)9'6 59('63265?'9 Pennsylvania (Dunning 1993)
(70.5) Montana (Tobalske 1996)
(79) (67.5) Montana (Dunning 2008)
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Body Mass (g)'
Species Range (Mean) References for Mass
Male Female o
unknown

40-55 NA (Short 1982)

(43,6) Florida (Dunning 1993)

(48.6) (47.4) North Carolina (Dunning 2008)
50-79 NA (Short 1982)

Red-cockaded Woodpecker
(Leuconotopicus borealis)

White-headed Woodpecker

(Leuconotopicus albolarvatus) 5(562_06)8 52(.569_,62?.4 Oregon (Dunning 1993)
92-193 | NA (Short 1982)
(148.1) [ Montana (Tobalske 1996)
Northern Flicker (Colaptes auratus) 12(};;)67 Oregon (Dunning 1993)
1(2?5;;13 1%‘5;)37 Pennsylvania (Dunning 2008)
Gilded Flicker (Colaptes chrysoides) 92'(21_1112)9'0 Arizona (Dunning 1993)
Golden-breasted Woodpecker (129) 104-120 Paraguay (Dunning 2008)

(Colaptes melanolaimus)

240-341 | NA (Short 1982)

308-309 250-284

Pileated Woodpecker (Dryocopus pileatus) Pennsylvania (Dunning 1993)

(308) (266)
(262.5) Montana (Tobalske 1996)
160-250 | NA (Short 1982)
Eurasian Green Woodpecker (Picus viridis) _
-1 France (Dunning 1993)
(176)
, 125-165 . .
Grey-headed Woodpecker (Picus canus) (137) Switzerland (Dunning 2008)
79-100 76.3-92 .
(87.6) (84.4) New York (Dunning 2008)
Common Starling (Sturnus vulgaris) (84.7) (79.9) Ohio (Dunning 1993)

55-72 India and Pakistan (Ali & Ripley
(62.1) 1983)

Common Starling preferences in cavity selection

Many authors have suggested characteristics of nest sites that might be “preferred” by Com-
mon Starlings; others have suggested characteristics that might deter starlings. Our list, de-
rived from the published literature and our own experience, is likely incomplete and no
doubt the extent to which a characteristic is favored varies with local conditions. We feel
that all are worthy of further investigation. Demonstrated and suggested starling preferen-
ces include the following:
(1) Woodpecker cavity over a natural cavity. — Howell (1943) and Ingold (1994) sugges-
ted that Common Starlings in North America prefer woodpecker cavities over natural
cavities. Perhaps the volume and internal contours of a woodpecker cavity are more
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consistently favorable. While starling-preferred and starling-deterrent characteris-
tics might be found in both natural and woodpecker-excavated cavities, under the pri-
meval conditions of Poland’s Bialowieza forest where there is an abundance of both
natural and woodpecker-excavated cavities, 60% of Common Starling nests were in
woodpecker cavities (Wesolowski 2007). Some of these were ones abandoned by
woodpeckers, others were likely usurped from woodpeckers that were occupying them.
Woodpecker cavity over a nest box. — There are many factors that might be involved in
this dichotomy — among the more important are likely the cavity entrance diameter, in-
ternal dimensions and location of the nest box. Most woodpecker cavities have an oval
bowl at the bottom; perhaps this suggests another aspect of a starling preference for
woodpecker cavities over other types of cavities. Carlson ef al. (1998) found that Com-
mon Starlings showed a preference for thicker-walled cavities — such as found in many
woodpecker nest cavities and usually not found in nest boxes. Ingold (1998) found that
Common Starlings usually preferred using a Northern Flicker cavity over a nest box
and suggested that providing nest boxes near a flicker nest might reduce flicker fecun-
dity and ultimately increase the likelihood of starling usurpation of flicker cavities by
increasing the local starling population.

Natural cavities with cavity dimensions similar to those of woodpecker-excavated cavi-
ties. — Although Common Starlings seem to prefer woodpecker-excavated cavities, Ait-
kin and Martin (2007) found that starlings alternatively prefer natural cavities with
dimensions similar to those of woodpecker cavities, except that in their study wood-
pecker-excavated cavities had significantly larger entrance openings — perhaps because
flickers, which have relatively large cavity entrances (Table 2), were the most abundant
woodpeckers present.

Cavity in an isolated tree rather than near forest edge or in a forest interior. — Forest
fragmentation increases the potential for cavity competition between woodpeckers and
starlings in that it creates more open habitat that might provide prime foraging for star-
lings (Kilham 1971, van Balen et al. 1982, Bai 2005, Bai et al. 2005, Mazgajski & Rejt
2006, Aitken & Martin 2008). In a study using nest boxes placed in different habitats in
Ontario, Canada, Gibo et al. (1976) found the greatest starling nest success was in boxes
placed in the middle of an old field (46.83% egg to fledgling success). The poorest suc-
cess (0%) was in boxes placed within wooded areas (an arboretum, a pine stand and an
oak-maple stand). Other sites included an orchard (16% success) and boxes placed at
the edge of an old field (1.96% success). There were some confounding factors — some
boxes were attached to poles, others to trees, but box design was uniform and box height
was similar. Similar nest-box studies in Poland (Gromadzki 1980) produced similar re-
sults: The boxes most used by Common Starlings were ones placed in the middle of an
open area — away from forest or forest edge. Such results support a starling preference
for openness that may reflect greater predation at starling nests along edges and/or grea-
ter access to optimal starling foraging areas. Such preferences also support the idea that
cavities of ground-foraging flickers (Colaptes spp.) and Red-headed Woodpeckers —
species that favor excavating their cavities in isolated snags in open habitats — would be
especially favored by starlings.
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Cavity with little vegetation around it. — Kilham (1971) and Fisher and Wiebe (2006)
suggested this as a possible preference, noting that close vegetation surrounding a ca-
vity could hide a potential predator or facilitate access by a predator. On the other hand,
we, and several authors have noticed that a branch stub (barren of leaves) near a cavity
is often a favored starling display perch.

High cavity, rather than a low one. — One of the strongest, best documented of Com-
mon Starling nest-site preferences is that for higher cavities (e.g. Verheijen 1969, Cole-
man 1974, Ingold & Ingold 1984, Nilsson 1984, Carlson et al. 1998, J. and B. Jackson
personal observations). Even in experimental situations with nest boxes placed at diffe-
rent heights, starlings have favored higher cavities. This could be more a function of the
locations of most natural and woodpecker cavities — a result of the ecology and dyna-
mics of heart-rot fungi (Jackson & Jackson 2004) — but it has also often been attributed
to a reduced potential for predation at a higher cavity (e.g. Nilsson 1984).

Cavity in a living tree to one in a dead snag. — Aitken and Martin (2004) presented evi-
dence that Common Starlings prefer to nest in a cavity in a living tree infected with a
heart-rot fungus. Live trees are more likely to have stronger cavity walls (Wesolowski
2007), thus perhaps making them less vulnerable to some predators and/or to wind or fire.
Cavity that opens to the east-southeast. — Verheijen (1969) reported this preference in Bel-
gium. In the Netherlands van Balen et al. (1982) noted what amounts to the same tendency
from the opposite perspective — starlings tended to avoid cavities that opened to the west or
north-northwest. This could be a thermoregulatory choice. It is also a choice that may vary
geographically, topographically, and with the woodpecker species in a particular area.
Cavity on a vertical trunk rather than one on the under side of a more horizontal limb. —
Kilham (1971) suggested that starlings prefer Hairy Woodpecker cavities that open on
a vertical tree trunk over those that open on the under side of a limb. Gaining entrance
to a more downward-facing cavity would be more difficult for a starling.

(10) Cavity with a larger bottom area and volume. — The inside dimensions of a woodpecker

cavity can vary among woodpecker species and individuals for many reasons discussed
above. Moeed and Dawson (1979), van Balen et al. (1982) and Carlson et al. (1998)
considered the bottom area and volume of nest boxes used by Common Starlings and
found some evidence that larger cavities were favored over the smallest ones in their
studies, although their results were inconclusive.

(11) Deeper cavity rather than a shallow one. — Deeper cavities were preferred by Common

Starlings in studies by Carlson et al. (1998) and Mazgajski (2003). A shallow cavity
might allow easy access to the arm of a mammalian predator; a deeper cavity might bet-
ter conceal eggs and young in darkness.

(12) Cavity entrance that is minimal. — Cavity entrance diameter is important in that a

smaller entrance may exclude more competitors or predators. It may also influence the
microclimate inside the cavity (Wiebe 2001). Cavity-nesting birds sometimes create or
select a cavity that they literally have to squeeze into (van Balen ef al. 1982, Martin et
al. 2004). In choice tests of nest holes with different-sized cavity entrances, starlings
preferred smaller openings even when the smallest entrance was bigger than optimum
for starlings (e.g. Lumsden 1976).
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(13) Circular entrance opening as opposed to a square-shaped entrance. — In a nest-box

study in New Zealand, Coleman (1974) found that starlings preferred a circular open-
ing to a square one. This suggests the possibility that the irregular-shaped entrance of
some woodpecker cavities might make them less inviting to a starling. However, star-
lings do use the cavities of Red-headed Woodpeckers, and these are often flat on one or
more sides due to their excavations beginning at a crack (Jackson 1976).
In North America a Common Starling-excluder that results in an irregular-shaped en-
trance has been patented for use on Purple Martin (Progne subis) houses (Snyder 2003).
Also with reference to Purple Martins, Day (2012) suggests that starlings can be con-
trolled at nest boxes by the use of rectangular or crescent-shaped box entrances. Me-
tal plates around cavity entrances are also used to protect Red-cockaded Woodpecker
cavities from cavity enlargement and/or usurpation by larger cavity competitors (Car-
ter et al. 1989, Jackson 1994) and might be a useful tool in protecting some other small
woodpeckers from Common Starlings.

(14) A nest-box entrance that is to the side (off-center), rather than centered on the box.
— This preference was discovered in a nest-box study in New Zealand (Flux & Flux
1981) and seemed to show that starlings were confused by having two corners to look
at as they looked in. Some built two separate nest bowls, one in each of the back cor-
ners. With the entrance off-center, there would be only one corner prominently seen
from the entrance and apparently less confusion. A natural cavity could conceivably
present a similar dilemma for starlings.

(15) Dark cavity interior. — In an experimental study Lumsden (1976) found that starlings
preferred nest boxes with black interiors to those with natural wood interiors. Jackson
and Tate (1974) also found some indication of a starling preference for a darker cavity
interior in a continent-wide survey of Purple Martin and cavity competitor use of nest
boxes. Most freshly cut heartwood of a tree is lighter in color and, over time, various
species of heart-rot fungi and other processes stain the wood darker.

(16) Clean cavity. — A preference for a clean cavity — as opposed to one containing an old nest
— might possibly be influenced by (a) the cavity being too shallow with a new nest built
atop an old one, hence more vulnerable to predators, (b) the old nest containing parasites
that might reduce nest success, and/or (c) the energetic expense needed to clean it out.

(17) Newer or older cavity? — This may be related to a preference for a clean cavity over one
that contains old nesting material or perhaps to a greater potential for predation in an
older cavity (Nilsson 1991, Sorace et al. 2004, Mazgajski 2007b), although in an ear-
lier experimental study of the role of cavity depth in site selection, the presence of old
nest material seemed to not influence cavity selection (Mazgajski 2003). It might also
be related to the preference for a cavity with a darker interior. Wiebe et al. (2007) found
that old Northern Flicker nest cavities that were reused by flickers were more likely to
be usurped by Common Starlings. They also noted that old cavities were more likely
to be used by male flickers that were in poorer condition — thus perhaps less able to ex-
cavate a new cavity and less able to defend a cavity. Clearly starlings will usurp old or
new cavities, but this may depend on the cavities available, the species of woodpecker,
predation, the health of the occupant, and other factors.
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The nature of interactions between woodpeckers and starlings

We know the basics of why woodpeckers must defend their nest and roost cavities against
starlings — and why starlings must aggressively seek those cavities. But what do we know
about when and how starlings select a cavity to usurp and how they go about securing it for
their own use? What do we know about how woodpeckers defend their cavities successful-
ly, why they sometimes fail, how starlings are successful in usurping them, and when they
fail? We have assembled here a compilation of observations, suggestions and results of ex-
perimental studies that may guide further studies that might provide more definitive answers
to these questions.

Starlings are opportunistic and readily take advantage of any appropriate-sized cavity for
nesting if nothing better is available at a lesser “cost”. “Cost” here refers to the energy ex-
penditure, threat of harm associated with trying to usurp a cavity, and the threat of harm as-
sociated with cavity location (e.g. ease of access by a predator, exposure to rain or more ne-
gative weather events).

Starlings are very persistent, often waiting by a cavity day-after-day until the opportuni-
ty arrives for them to enter the cavity to take possession (Marples 1936, Lawrence 1967, In-
gold 1994, J. Jackson personal observations). At the appropriate time they are also very agg-
ressive towards owners of a cavity they are trying to usurp, towards woodpeckers that try
to usurp a cavity the starlings are in possession of, and towards others of their own species
that try to usurp their cavity or steal their mate. Common Starlings use their feet and sharp,
curved claws to grab onto opponents and are reluctant to let go as they use their bill to strike
repeatedly at their adversary.

With both woodpeckers and starlings, defense of a territory or mate against a conspecific
is generally male against male and female against female, but the level and the duration of
aggression seems much greater on the part of starlings and can vary greatly among wood-
pecker species. For example, neither Red-bellied Woodpeckers (Ingold 1989, J. A. Jack-
son personal observations) nor Yellow-bellied Sapsuckers (Sphyrapicus varius) (Lawrence
1967) seem to aggressively defend their nest against Common Starlings. Red-headed Wood-
peckers, in contrast, vigorously defend against starlings (Ingold 1989). During a cavity usur-
pation effort, however, there often seems to be a high level of apparent cooperation between
members of a starling pair (Howell 1943, Mathis 1975, J. A. Jackson personal observation).
We suspect that because male and female starlings are not as distinctively marked as most
woodpeckers and because both lack any hint of red, a male sexually dichromic woodpecker
might sometimes treat all starlings as “females” and let his mate take care of the intruders.
Nichols and Jackson (1987) suggested a similar scenario allows the sexually monochro-
mic Red-headed Woodpeckers to almost always succeed in usurping cavities of Red-bellied
Woodpeckers; only the male Red-bellied goes after the intruders while the female watches,
apparently accepting both extensively Red-headed adults as males. This is certainly not al-
ways the case in all woodpecker species. Lawrence (1967) and Kilham (1968) describe coo-
perative defense against starlings by Hairy Woodpecker pairs.

Timing is very important in Common Starling selection of a potential woodpecker nest ca-
vity and success at usurping (Ingold & Densmore 1992, Paclic ef al. 2009, J. A. and B. J. S.
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Jackson personal observations). Usurpation usually takes place early in the woodpecker rep-

roductive cycle, often just as a cavity is being completed and before eggs are laid (Ingold

1989). The activity of excavation might alert starlings to the presence of the cavity and there

are typically intervals with neither woodpecker at the cavity during a lull in excavation. Star-

lings tend to move in at such times and one member of the pair may remain in the cavity and
strongly defend it (e.g. Howell 1943, J. A. Jackson personal observation).

The next best timing is after woodpecker egg-laying has begun, but before incubation has
begun. Again, the starlings move in while the woodpeckers are away and then vigorously
defend the cavity, usually with one starling inside. In such cases the eggs are removed and
discarded or eaten by the starlings (Howell 1943, J. A. Jackson personal observation). The
key is that a woodpecker cavity is most easily usurped if no woodpeckers are present when
the starlings move in. Defending the cavity from the inside seems optimal. Once wood-
pecker incubation has begun, an adult woodpecker is much more likely to be present and
therefore successful in defending the cavity. Woodpecker cavities are sometimes, but rare-
ly, usurped when there are young in the nest. This may be due to a combination of timing
relative to the starling’s breeding cycle, the greater presence of the woodpeckers at the nest,
and perhaps more intense nest defense by the woodpeckers as a result of their greater pa-
rental investment.

Lack of availability of suitable cavities is often mentioned as a stimulus for cavity usur-
pation efforts. Mazgajski (2000) conducted an experimental study in which he built up a
nesting Common Starling population by providing nest boxes. After starling numbers had
increased, Mazgajski reduced cavity availability by closing the nest boxes. Woodpeckers
generally retained possession of their nest cavities — in spite of the increased starling popu-
lation and decreased availability of cavities. He concluded (p. 105) “the starling, although
a powerful competitor, is probably not able to influence the cavity nesting community to a
great extent.” Most of the woodpecker nests under study, however, already had nestlings,
and that late stage of the nesting cycle of woodpeckers in the area might have influenced
starling inability to usurp woodpecker cavities. This is a topic and an approach worthy of
further study.

To follow, here are several facets of the process of Common Starling usurpation of a
woodpecker cavity pieced together from our own observations and multiple studies by
other authors of multiple woodpecker species across a broad range of habitats. Many of
these facets are generalizations based on few observations. Only some are supported by ex-
perimental data.

(1) Location and assessment of a potential nest cavity and somewhat benignly watching it. —
It seems likely that a woodpecker cavity is targeted for usurpation by Common Starlings
as a result of (a) lack of other suitable cavities, (b) starling observations of the wood-
pecker excavation process, and (c¢) acceptability of the site to the starlings. It is critical
for the starlings not to be aggressive towards the woodpecker until the cavity is comple-
ted. To be aggressive earlier might result in abandonment of cavity excavation. The star-
lings often perch nearby, merely watching as the excavation proceeds (Wood 1924, J. A.
Jackson personal observations). Thus targeted, the initiation of more intense interactions
with the woodpeckers usually begins after the cavity is completed.
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(2) Occupation of a cavity and construction of a nest. — Once a cavity is completed, star-
lings visit it during a woodpecker absence. If encountered by the woodpeckers, a wood-
pecker usually will give chase. During a woodpecker absence, the starlings begin taking
nest material into the cavity. One starling may remain within the cavity for long periods
while the other gathers nest material. The starlings often retain possession from the ad-
vantage gained by being within the cavity. If the starlings leave and a woodpecker re-
turns, the first order of business is for the woodpeckers to clean the cavity, dropping the
starling nest material to the ground. During woodpecker absence, the starlings may be-
gin the process of nest-building anew. This can be repeated multiple times, with neither
starlings nor woodpeckers giving in. Although anthropomorphic, Kalmbach (1928) de-
scribes well how a human might perceive the starlings’ behavior: “Unrelenting perse-
verance dominates the starlings activities... more battles won by dogged persistence...
actuated more by the morbid pleasure of annoying its neighbors than by any necessity
arising from a scarcity of nesting sites.”

(3) Outnumbering woodpeckers. — Starling populations are much larger than woodpecker po-
pulations and interactions between starlings and woodpeckers at a cavity can attract addi-
tional starlings that may join in the effort for the same cavity and seem as if they are all work-
ing together to evict the woodpeckers (Turner 1908, Mathis 1975). Sutton (1967) killed 17
Starlings at a Red-bellied Woodpecker nest and 37 (including 22 males with enlarged testes)
within 15 m of a flicker nest in Oklahoma; J. A. Jackson (personal observation) saw at least
six starlings involved in usurping a Red-bellied Woodpecker cavity in Kansas.

(4) Offensive and defensive physical aggression. — Physical aggression during an effort by
starlings to usurp a cavity can involve both members of a starling pair. Early efforts by
starlings often involve chases and physical attack of a woodpecker at or near a nest (e.g.
Allard 1940). If one of the starlings is within a cavity and the owner returns and enters,
a noisy fight can take place within the cavity. Usually the intruder quickly emerges with
the starling hanging onto it or in pursuit (e.g. Howell 1943, Ingold 1994). In such attacks
Common Starlings have killed an adult flicker with a blow to the head (Shelley 1935,
McAtee 1940, Sutton 1967).

(5) Removal of eggs and young. — If a cavity usurpation effort starts after woodpecker eggs
have been laid, the starlings will enter the cavity during woodpecker absence and remove
the eggs one at a time. If there are already woodpecker nestlings in the cavity, the star-
lings will remove them one at a time, sometimes killing them, sometimes merely drop-
ping them out of the cavity (e.g. Shelley 1935, flickers; J. A. Jackson personal observa-
tion, Red-bellied Woodpeckers). Such efforts may extend to young in cavities that are
too small to be entered by Common Starlings — such as those of Downy Woodpeckers
with young that are old enough to come to the cavity entrance to beg (Howell 1943, J. A.
Jackson personal observation).

(6) Cavity entrance enlargement. — While Common Starlings are not known for their ability
to excavate, they will sometimes enlarge or attempt to enlarge a cavity entrance to make
a small cavity accessible (Lawrence 1967).

(7) Woodpecker usurpation of Common Starling nests. — Woodpeckers also are some-
times successful in usurping an active Common Starling nest. A pair of Red-bellied
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Woodpeckers approached a starling nest in Florida and the male entered and removed
three naked nestlings, striking the head of each against the tree trunk before dropping it
to the ground. He then began excavating inside the cavity (Baker & Payne 1993). In this
instance, the original owners of the cavity were unknown (but might have been the same
pair of Red-bellied Woodpeckers); no interaction was observed between the woodpeck-
ers and the adult starlings.

Which woodpeckers are most-commonly targeted by Starlings?

The question posed by the heading of this section will be looked at from two different per-
spectives. (1) Which individual woodpeckers are most often targeted for cavity usurpation?
And (2) which woodpecker species are most often targeted? We will look at both perspec-
tives, because both have relevance to the future of species.

Woodpecker species that are most vulnerable to competition from woodpeckers are ones
that excavate an appropriate-sized cavity in an appropriate site within foraging habitat that
supports starlings, at a time that coincides with the beginning of the Common Starling nest-
ing season. Woodpecker species for which active nest or roost cavities have been reported
usurped by Common Starlings are those that nest within or near good foraging habitat fre-
quented by starlings and that have a cavity entrance greater than about 4-cm diameter (see
data in Table 2). Forbush (1915) suggested Common Starlings need an entrance diameter of
1.5 to 1.75 inches (3.81-4.45 cm); Zeleny (1969) suggested 1.5 inches (3.81 cm) — although
both estimates were based on limited trials using birdhouses. Holes drilled in the boxes
would be circular, with vertical and horizontal diameter equal. Many woodpecker cavity en-
trances are not circular, but have a larger vertical or horizontal diameter that might admit a
starling in spite of a more limiting opposite diameter. Other factors that would or might in-
crease their vulnerability include (1) low availability of potential starling nest sites, (2) a
high starling population in the area, (3) woodpecker choice of a specific site for cavity ex-
cavation, (4) woodpeckers that had never before experienced starling competition, and (5)
perhaps especially woodpeckers attempting to breed for the first time.

After more than a century of coexistence with starlings in North America, most reports of
cavity usurpation involve the Northern Flicker and woodpeckers of the Genus Melanerpes
(Red-bellied, Red-headed, Gila, Golden-fronted, Acorn, Lewis’s Woodpeckers). The Nor-
thern Flicker was the first woodpecker reported to suffer from cavity usurpation by Com-
mon Starlings (e.g. Stone 1908, Kohler 1912, Taber 1921). Flickers forage extensively on
ants in habitats that are bare to covered with very short vegetation — mostly less than 5-7
cm tall (Moore 1995, J. A. Jackson personal observation). Northern Flickers are much lar-
ger (ca 130 g) than starlings (ca 82 g), yet starlings often succeed in usurping flicker cavi-
ties. Melanerpes woodpeckers are similar in size (ca. 63—115 g) to the Common Starling,
omnivorous, and live in somewhat open environments, often in habitats greatly altered and
landscaped by humans.

To these we must add woodpecker species whose nest sites are only occasionally close to
humans and starlings, and some whose cavity entrances are enlarged by other species, yet
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remain in use by the original owner. For example, many Red-cockaded Woodpecker cavi-
ties are enlarged slightly by Red-bellied, Red-headed, or Hairy Woodpeckers or Northern
Flickers. Since these cavities are in living trees, they may be used by Red-cockaded Wood-
peckers or other species, including starlings, for many years.

Woodpecker species that are unlikely to have cavities successfully usurped by starlings
are those with cavities that are usually too small for starlings to gain entrance. However,
woodpeckers that excavate cavities with entrances normally too small for Common Star-
lings to enter (e.g. Downy and Nuttall’s Woodpeckers, Table 3) sometimes suffer starling
cavity usurpation attempts by starlings. Often they fail because the potential usurper can’t
get in (Lawrence 1967), but sometimes they succeed, such as after other woodpeckers en-
large their cavities.

The Yellow-bellied Sapsucker is a species whose decline has perhaps been mistakenly
attributed to starlings. This species makes an exceptionally small entrance to its nest cavi-
ty (Table 2) — so small that it often has to forcibly squeeze through, sometimes losing fea-
thers in the process (Lawrence 1967, Kilham 1977). It also typically nests in wooded areas —
less open than areas usually frequented by Common Starlings. The mass of a Yellow-bellied
Sapsucker is, at best, a little over half that of a Common Starling (7able 3). Thus we believe
that Yellow-bellied Sapsucker cavities are unsuitable for use by Common Starlings unless
enlarged by a larger woodpecker, and we have found no documentation of successful usur-
pation of Yellow-bellied Sapsucker cavity by starlings. Lawrence (1967) did observe inter-
ference competition by starlings at a sapsucker nest cavity, but noted “What finally stopped
the starlings was the size of the hole. It would yield neither to the starlings’ energetic at-
tempts at excavation nor to their efforts to squeeze their plump bodies through the aperture.”
Kilham (1971) considered the Common Starling “not a competitor” of Yellow-bellied Sap-
suckers in New Hampshire. Walters et al. (2002a) do not mention Common Starlings as a
cavity competitor of Yellow-bellied Sapsuckers.

Considering the normal nesting habitat of Yellow-bellied Sapsuckers and their small cavi-
ty entrances, we find it unlikely that they might be a species that is declining due to compe-
tition with Common Starlings. An alternative view was suggested as a result of an analysis
of Christmas Bird Count data showing a decline in sapsucker numbers over the years (Koe-
nig 2003). At the same time, North American Breeding Bird Survey data showed no signi-
ficant decline.

Koenig (2003) lumped data for two western species, the Red-naped Sapsucker (Sphyrapi-
cus nuchalis) and Red-breasted Sapsucker (Sphyrapicus ruber), with data for the much more
widespread Yellow-bellied Sapsucker — a closely related trio once treated as a single species.
The two western forms may make slightly larger cavity entrances (7able 2) and may weigh
slightly more than the Yellow-bellied Sapsucker — still about two-thirds the mass of a Eu-
ropean Starling. Both western species also favor more wooded areas (Walters et al. 2002b).
We have found no references to cavity competition with starlings for any of these species
(see discussion of cavity competitors of these three species in Walters et al. 2002a, 2002b).

We suspect that the CBC data might reflect habitat losses on wintering grounds and diffe-
rential migration of sexes associated with climate changes. In sum, analysis of these data
sets is worthwhile, but interpretation of results of such analyses could better reflect the
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nature of the data, the behavioral ecology of the sapsuckers, and changes that have taken
place and are taking place in both nesting and wintering areas of the sapsuckers.

Impacts of Starling usurpation of woodpecker nests

The impacts of starling usurpation of a woodpecker nest cavity are probably not serious at

the species level if adequate alternative cavities are available or if time remains and sites

exist for woodpeckers to excavate another cavity (Brush 1983, Ingold & Densmore 1992).

Even over the short term, however, we suspect that local population-level impacts occur.

Certain and suggested impacts of woodpecker cavity usurpation or usurpation attempts by

Common Starlings include the following:

(1) If a cavity is usurped, the woodpeckers’ reproductive energy expenditure to that point is
lost.

(2) Cavity usurpation may mean that the pair cannot reproduce that year.

(3) If the woodpeckers are able to excavate or acquire a new cavity and begin anew, it would
require more energy expenditure and might reduce fecundity as a result of energy al-
ready lost.

(4) As the reproductive season progresses, available food often changes and may be less ap-
propriate and or less abundant for feeding later nestlings.

(5) As the reproductive season progresses, weather patterns change. In some areas (e.g.
south Florida) daily rain may increase stress and decrease feedings for nestlings. Alter-
natively, warmer temperatures later in the season may stress nestlings (Ingold 1989).

(6) During late season rains mosquito populations likely increase and the potential for trans-
mission of mosquito-borne pathogens and parasites to bare-skinned nestlings is in-
creased.

(7) Reduced nestling or fledgling survival — even if the renesting effort is successful — over
the long term, could mean increased isolation of populations and less dispersal among
populations. With continuation of such a trajectory, there could be an increased risk of
species extinction.

(8) On the positive side, excavation of a new cavity after successful cavity usurpation adds
an additional cavity to the cavity resource pool for future reproduction of the wood-
peckers and other cavity nesters.

Coincidence of starling and woodpecker breeding cycles is very important and influences

which species of woodpeckers might be more vulnerable to cavity usurpation. Ingold and

Densmore (1992) demonstrated that in Ohio, the coincidence in timing of Common Starling

and Red-bellied Woodpecker nesting cycles, along with weaker cavity defense by Red-bel-

lied Woodpeckers, results in a high incidence of Red-bellied Woodpecker cavity usurpation
in suburban habitats. The high incidence of Red-bellied Woodpecker cavity usurpation by
starlings may in time drive Red-bellied Woodpeckers to become more aggressive in cavity

defense, to nest later, or to limit their nesting to more closed-canopy forest. Among the im-

pacts of nesting later, however, might be a reduced food supply for nestlings and increased

competition with Red-headed Woodpeckers (Jackson 1976).
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Later nesting of Northern Flickers and Red-headed Woodpeckers and stronger cavity de-
fense result in a lesser incidence of cavity usurpation in those woodpeckers, but cavity usur-
pation and energy expended in cavity defense might also, over the long term, result in a shift
in their nesting phenology and habitat parameters. Giese and Cuthbert (2003) found a high
incidence of Red-headed Woodpecker nests in closed-canopy oak forest in Minnesota and
suggested that a combination of loss of snags in more open areas and competition from star-
lings may have “forced” them into a habitat where they would have to compete with more
woodpecker species and with Southern Flying Squirrels (Glaucomys volans). Clearly cavi-
ty nesters of many taxa are as pawns on a very dynamic chessboard of habitats — each move
impacts the status of all of the other cavity nesters and the game may not be over for many
lifetimes of competition.

We concur with Koenig (2003) that most woodpecker species are “holding their own”
against cavity competition with Common Starlings. The level of impact on woodpeckers is
less than sometimes perceived only because most woodpeckers are intimately linked with
forest habitats and Common Starlings favor open habitats where humans are more likely to
observe the competition. There are, however some woodpecker species that could be vulne-
rable to extinction as a result of cavity usurpation by starlings.

The woodpecker species most vulnerable to extinction associated with competition from
Common Starlings have: (1) small populations, (2) a geographically limited range with no
place to which their species can escape environmental change, (3) little time to adapt as a
result of population and geographic limitations, (4) a narrow foraging niche and (4) nar-
row habitat preferences that favor habitats that economically-motivated humans consider
“less desirable”. Even among species already in danger of extinction, there are some spe-
cies more vulnerable to starling competition than others: those species that share favored ha-
bitats with starlings, are similar in size to a starling, and excavate cavities with an entrance
large enough to admit a starling, but small enough to exclude most predators and buffer the
occupant from inclement weather.

Among the most starling-vulnerable endangered woodpeckers are island species such as
the Fernandina’s Flicker of Cuba — a species that does not yet encounter competition from
starlings, but one that is endangered and has a very small and fragmented population of per-
haps 600-800 individuals (BirdLife International 2016a). The history of starling usurpation
of flicker cavities in North America suggests that the addition of competition from starlings
to the Fernandina’s Flicker’s tenuous existence could be disastrous.

The Common Starling is a vagrant in Cuba with three reports at two locations along Cu-
ba’s north coast, suggesting that they might have come from North America. One report
was from Havana, 171 km from Key West, and the other from Gibara in Holguin Province,
662 km from Miami (Garrido & Kirkconnell 2000). There are two small populations of Fer-
nandina’s Flickers in Holguin Province (Mitchell et a/. 2000). While the starling has nes-
ted in north Florida since the 1920s, its breeding range did not extend south to central Flo-
rida until the 1950s. It has since expanded its breeding range south to Miami and the Florida
Keys, where it now nests all the way to Key West (Stevenson & Anderson 1994). Starling
populations continue to grow in south Florida.
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Starlings might also have come to Cuba from the south, from Jamaica (766 km to Havana,
355 km to Gibara), where starlings were introduced about 1904 (Graves 2014). Considering
the propensity for starlings to move in flocks, the frequency of hurricanes in the region, and
the potential for them to be carried by hurricane winds (Jeffrey-Smith 1972, Wiley & Wun-
derle 1993), it seems inevitable that a breeding population of Common Starlings will even-
tually be established in Cuba. Such could be very bad for Fernandina’s Flicker whose palm
savanna/pasture habitats seem perfect for starlings. With renewed socio-economic ties be-
tween the United States and Cuba we could see further degradation of the habitats of Fer-
nandina’s Flicker as a result of the introduction of more mechanized agricultural practices.
This could further stress this species’ populations while creating more favorable conditions
for starlings.

We considered the vulnerability of other endemic West Indian woodpeckers to potential
cavity competition from Common Starlings, but no other woodpecker species in the West
Indies appears likely to be threatened with extinction as a result of starling competition —
under current conditions. South of the Bahamas, in the West Indies starlings have an es-
tablished breeding population only on Jamaica, and it has now co-existed with the Jamai-
can Woodpecker for a little over a hundred years. Cruz (1977) described these woodpeckers
as competing with starlings, but apparently not to a serious extent. He had one instance in
which starlings and woodpeckers simultaneously nested in different holes in the same limb.
Gosse (1847) described the Jamaican Woodpecker more than 50 years before the starling
was introduced as “among the commonest of Jamaican birds, being abundant in all situa-
tions, from the shores to the summits of the mountains.” Haynes et al. (1989), in a review of
conservation trends and threats to Jamaica’s endemic birds, noted that the Jamaican Wood-
pecker seemed to be holding its populations at constant levels, although they noted compe-
tition between these woodpeckers and Common Starlings. They also noted that the biggest
problem their endemic birds faced was loss of habitat. Raffaele et al. (1998), nearly a hund-
red years after the introduction of the starling to Jamaica, noted that the Jamaican Wood-
pecker remains “widespread and common at all elevations. .. from coastal coconut groves to
forested mountain summits.”

Why have Jamaican Woodpeckers been so successful in the face of starling competition?
We believe their success in coexisting with starlings (thus far) is because they are the on-
ly resident woodpecker on the island and as a result, are consummate generalists with very
broad foraging and nesting habitat niches, having had no need to narrow their niches in res-
ponse to competition from other woodpeckers. The Jamaican Woodpecker has a more di-
verse foraging niche than any of the seven woodpecker species occurring in Florida and de-
fends small territories, thus allowing a high population density (Cruz 1977). Following their
introduction near Annotto Bay, starlings established a population in St. Ann Parish, about
40-48 km inland in an area with extensive pasture land. Starlings do compete with the Ja-
maican Woodpecker for cavities and Jeffrey-Smith (1972) ominously noted that they “oust
original owners from their homes. The woodpeckers at Huntley, St. Ann, have been well-
nigh exterminated by the starlings.”

By the early 1950s they seemed to have moved only another 48 km (Taylor 1953, Jeff-
rey-Smith 1972). Such a lag time between the introduction of a species and build-up and
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expansion of the range of its new population is typical. It may be many more decades before
we begin to see the full impacts of starlings on the Jamaican Woodpecker and the rest of the
local avifauna — by which time it may be too late.

Two other West Indian endemic woodpeckers, the Puerto Rican Woodpecker (Melaner-
pes portoricensis) and the Hispaniolan Woodpecker (Melanerpes striatus) are also very so-
cial with very broad foraging and nesting habitat niches. The Puerto Rican Woodpecker is
also the only resident woodpecker on the islands of Puerto Rico and Vieques (Raffaele et
al. 1998); the Hispaniolan Woodpecker coexists on Hispaniola with the tiny Antillean Picu-
let (Nesoctites micromegas), thus neither has “real” woodpecker competition for resources
(Short 1974, Raffaele et al. 1998). Starlings have recently been reported from Puerto Rico,
and may be getting established there. We suspect, in view of our knowledge of the Jamaican
Woodpecker and the broad niches and social behavior of the Hispaniolan and Puerto Rican
Woodpeckers, coupled with the size of their islands, that these species will probably com-
pete effectively with starlings although the long-term impacts of starling competition are
more difficult to assess.

The Guadeloupe Woodpecker (Melanerpes herminieri), endemic on Guadeloupe is a
common species that is omnivorous, shy and not social (Villard 1999). It occurs from sea le-
vel to high elevations and in all forest types on the island, thus seems to have broad foraging
and nesting habitat niches. These apparently broad niches could help at least some popula-
tions to evade competition were starlings to be introduced or immigrate to the island. How-
ever, Villard (1999) suggests that competition for nest sites with other species could nega-
tively impact the Guadeloupe Woodpecker’s population dynamics. Guadeloupe is 1596 km
from the starling population on Jamaica, but only 578 km from Puerto Rico. Guadeloupe
is a much smaller island (1,510 km?) compared to Hispaniola (76,192 km?) or Puerto Rico
(9,104 km?), thus the total population of the species is very limited and any threat to the
Guadeloupe Woodpecker could be serious.

Woodpeckers, starlings, humans, and a chaotic web of interactions
and impacts

Starlings, woodpeckers and humans have a long and complex history with one another as
well as with physical and other biotic components within and among their ecosystems. To
follow are four case histories that relate in different ways to competition or potential com-
petition between woodpeckers and Common Starlings. Some of these woodpeckers are en-
dangered or declining, others are expanding their range. The role of starlings in each case
may be more complicated than thus far suggested, resulting in an interpretation that may be
flawed as a result of lack of consideration of past history and/or additional factors.

(1) The endangered Red-cockaded Woodpecker. — Some woodpeckers have suffered seri-
ous losses as a result of modern industrial forestry practices that eliminate tree spe-
cies and tree age diversity, old growth trees in general, and the fertile milieu of standing
and fallen dead wood. These forestry practices, the need for frequent fire in its natural
ecosystem, and the conversion of forest habitats to non-forest habitats are clearly the
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greatest problems facing the Red-cockaded Woodpecker, an old-growth southern pine
forest species. Yet some Red-cockaded Woodpeckers have survived in pine areas with-
in and adjacent to towns, cities and suburban areas at Southern Pines, North Carolina;
Aiken and Myrtle Beach, South Carolina; and at Columbus and Fort Benning, Geor-
gia (Dennis 1971, Carter & Kocher 1995, J. A. and B. J. S. Jackson personal observa-
tions). These habitats provide diversity and essential old growth for the woodpeckers, al-
though in relatively small patches and generally with little accumulation of dead wood
due to human “manicuring” of the landscape. The openness, mowed lawns, and largess
of human-supplied foods also make these areas favored habitats of Common Starlings.
In each area starlings have usurped Red-cockaded Woodpecker cavities that have been
enlarged by Red-bellied or Red-headed Woodpeckers and can be expected to similar-
ly affect other woodpeckers in suburban and exurban settings elsewhere. As a result of
Common Starling populations, without intensive management — and perhaps with it —
such areas may become ecological sinks for the Red-cockaded Woodpecker rather than
the haven that is sometimes suggested (Carter & Kocher 1995).

(2) The endangered White-backed Woodpecker. — The White-backed Woodpecker (Dendro-
copos leucotos) is an example of a species not known to be impacted by starlings, but an-
thropogenic factors could change that. This woodpecker is resident over a broad range of
latitude extending north into the taiga from Great Britain on the west to Japan and Kam-
chatka in Russia on the east and has been considered an umbrella species for boreal and
hemiboreal forests (Roberge et al. 2008). It has suffered recent declines through much of
its range, especially in the north, and is considered endangered in several areas (Czesz-
czewik & Walankiewicz 2006). As with the Red-cockaded Woodpecker, the proximate
causes of these declines are clearly loss and fragmentation of its old-growth forest habi-
tat (Aulen 1986), and conversion of forest habitat to agricultural and other uses. As
its habitats are diminished, the White-backed Woodpecker might well face yet another
problem — usurpation of its cavities by Common Starlings. In Russia, the Purple-backed
Starling (Sturnia sturnina) is known to use the cavities of White-backed Woodpeckers
(Feare & Craig 1999), although cavity usurpation of active White-backed Woodpecker
cavities apparently has not been documented.

With a body mass slightly larger than that of a Common Starling (Aulen 1986), the White-
backed Woodpecker, an old-growth deciduous forest species, produces an appropri-
ate-sized cavity for the starling. We found no mention of Common Starling use of White-
backed Woodpecker cavities, likely a consequence of their favoring extensive forested
areas. However, marginal habitats, such as forests that are fragmented and opened up,
could create open areas with good foraging for starlings — sites more vulnerable to nest-
site competition.

The White-backed Woodpecker’s larger size may facilitate its cavity defense, but that is
not certain. Common Starlings often succeed in usurping cavities of the Northern Flick-
er, a species that can be double the mass of a starling (7able 3). Even if the White-backed
Woodpecker were successful in competition with Common Starlings, the energy expendi-
ture associated with defense would be a negative contributing to the impacts of habitat and
food-base losses.
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Mikusinski ef al. (2003) and Stighéll (2015) note that in Sweden, where deciduous forests
have been replaced by conifer monocultures, deciduous trees that come back in old fields or
that are used in landscaping near and within villages might provide small refuges for deci-
duous forest species. Such areas may be too small for the White-backed Woodpecker to sur-
vive in, and the mowed lawns and human-provided food resources of nearby villages would
be favored by starlings. Perhaps such areas could provide a splinter of hope for the White-
backed Woodpecker if linked to well-planned and executed species and ecosystem monitor-
ing programs, efforts to minimize cavity competitors such as the starling, much broader cor-
ridors of mixed species, and mixed age forests that are allowed to restore old growth and the
elixir of dead wood to the ecosystem.

(3) Range expansion of Syrian and Red-bellied Woodpeckers. — Both the Syrian Wood-
pecker (Dendrocopos syriacus) in the Middle East and the Red-bellied Woodpecker in
eastern North America are frequent targets of cavity usurpation by Common Starlings.
Each of these woodpecker species is a generalist compatible with living in association
with humans, and each has been expanding its range — potentially for the same reasons.
Both have been expanding into suburban and urban areas with well-established concen-
trations of trees. Ciach and Frohlich (2013) found high pollution emissions where Sy-
rian Woodpecker numbers were greatest, and our examination of range expansion re-
cords for the Red-bellied Woodpecker (e.g. Jackson & Davis 1998) suggests they also
moved into polluted urban areas. Ciach and Frohlich hypothesize that the higher pol-
lution levels weaken trees, making them more subject to insect and fungal attack, thus
increasing woodpecker food supplies and the potential for woodpecker cavity excava-
tion. While pollution levels could be involved, we feel a more likely factor for the ex-
pansion of both woodpecker species might be maturation of trees planted as new areas
were developed in the early- to mid-20™ century combined with increased development
of greenbelts and parks.

Range expansion is often viewed as an indicator of a successful species whose populations
are growing. Changing habitats as a result of growth of human populations, irrigation, land-
scaping changes, increasingly connected corridors of suitable habitats and food supplies
along highways are also likely involved as facilitators of range expansion of both some
woodpeckers and starlings. Generalist species are best able to adapt to these types of evol-
ving habitats.

(4) The causes of declines of the Red-headed Woodpecker and Northern Flicker. — The
Red-headed Woodpecker and Northern Flicker have both experienced declines in recent
decades and studies have suggested that both are suffering from loss of habitat and from
cavity usurpation by starlings. We agree with this assessment, but feel that the roles of
the Common Starling in these cases are over-stated and misunderstood as a result of lack
of consideration of past history and other factors.

The Red-headed Woodpecker is about the same size as the Common Starling (7able 2) and

excavates nest and roost cavities with an entrance diameter that is well suited for starlings.

Starlings usurp active Red-headed Woodpecker nest and roost cavities, but these wood-

peckers typically begin nesting later than starlings and vigorously — and usually successful-

ly — defend their cavities against starlings.
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In recent decades, Red-headed Woodpecker populations have declined over much of their
range. Frei e al. (2013) refer to this woodpecker’s nesting habitat as a “maladaptive choice”
and attribute the decline in its populations to competition for nest sites with Common Star-
lings, cutting of snags potentially useful for cavity excavation, and potential poisoning from
pesticides. We agree that each of these problems likely influences Red-headed Woodpecker
population dynamics. However, before introduced Common Starlings had colonized are-
as outside of the metropolitan New York area, Butler (1897) described dramatic population
fluctuations of Red-headed Woodpeckers in Indiana, noting great increases in their num-
bers when flooding, insect pests, or other calamities killed many trees, opening up habitats
and providing both nest and feeding sites. These population surges were followed by great
decreases when the dead trees were surrounded by regrowth of vegetation and then rotted
and fell. The current decline of Red-headed Woodpeckers may be the result of such a wide-
spread calamity that created an abundance of suitable nest sites and a substantially increased
woodpecker population, now followed by woodpecker declines as the largesse of the cala-
mity disappeared.

A massive die-off of American elms (Ulmus americana) occurred throughout eastern
North America following the introduction in 1930 of Dutch elm disease (Ophiostoma ul-
mi) and the European Bark Beetle (Scolytus multistriatus) that greatly facilitated its spread
(Kilham 1973, Karnosky 1979). Death of elms created nesting habitat for woodpeckers and
stimulated increases in woodpecker populations as the disease spread (Kilham 1973, Graber
etal 1977). By 1959, it was estimated that [llinois had lost 95% of its elms (George 1979).
In the late 1960s Jackson (1976) found that nearly 50% of the nests of Red-headed and
Red-bellied Woodpeckers he studied in eastern Kansas were in dead American elms. Thus,
the populations of Red-headed Woodpeckers in the mid-20™ century were likely “tempora-
rily” high and the resulting increase in abundance of cavities likely also facilitated growth in
Common Starling populations. A decline in woodpecker numbers could have been expected
as the course of the disease passed and the dead trees fell. A similar Dutch elm disease ca-
tastrophe occurred in Britain and Europe (e.g. Osborne 1982) in the early to mid-20™ centu-
ry and may also have resulted in woodpecker and starling range expansions and population
increases similarly followed by range contractions and population declines.

Other factors that came into play in both North America and Europe were the proliferation
of automobiles along with subsequent increases in speed at which they travel, and a great
increase in numbers of roads. It is likely that there would have been concomitant increa-
ses in mortality of Red-headed Woodpeckers because they had adapted to perch on fence
posts, utility poles and trees along roads and fly to the road to take insects blown from road-
side weeds or hit by cars or to consume bits of food tossed from cars (Stoner 1925, Lins-
dale 1929, Jackson 2003b). The more open habitat associated with roads was also favorable
for an increase in Common Starling populations — and yes, with the advent of the automo-
bile early in the history of starlings in North America, they became frequent road casualties
(Bishop & Brogan 2013).

Northern Flickers also commonly used dead American elms as nest and roost sites in open
areas of eastern North America. Breeding bird surveys suggest that Northern Flicker popu-
lations (in eastern North America) decreased by 52% between 1966 and 1991 and Moore
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(1995) suggests the declines are a result of habitat loss and competition with Common Star-
lings for nest cavities. We believe the causes of the decline, again, include those factors, but
that the authors ignored an artificially high flicker population during the Dutch elm disease
die-off and the impact from loss of those nest sites as the trees decayed or were cut.

While Northern Flicker cavities may be the most readily available cavities within prime
Common Starling habitat, they may not be the optimum cavities because a flicker’s cavi-
ty entrance is much larger than needed by a starling. Indeed, in the open desert southwest
where both the Gila Woodpecker (Melanerpes uropygialis) and Northern Flicker are fre-
quent, Common Starlings readily use the smaller Gila Woodpecker cavities, but rarely the
flicker cavities, supporting the notion that the starlings prefer a smaller entrance (Kerpez
& Smith 1990). As with the Red-headed Woodpecker and the Common Starling, Northern
Flickers also suffer from road mortality (e.g. Stoner 1925, Bishop & Brogan 2013).

Interactions with humans, starlings and woodpeckers can sometimes result in maladaptive
behavior, especially when there is limited cavity availability. For example, Jackson (2000)
observed a starling repeatedly deposit recently cut grass stems into an opening in the tail
of a commercial aircraft after it had been taxied into position to load passengers. Flickers
sometimes show resourcefulness in the face of treeless habitats, such as excavating cavi-
ties in wood or foam siding on buildings. It was a Northern Flicker (captured on video) that
excavated over 200 holes in the rust-colored, foam-like insulation on the external fuel tank
of the Space Shuttle Discovery in 1995. None of the cavities could be completed because
at a certain depth, the woodpecker encountered metal — so it had to back out and start over.
Hundreds of Common Starlings were also present in the area with flocks of up to about 80
perching on the gantry with the space shuttle being prepared for launch. We also found a
flicker cavity that had been excavated into foil-covered insulation around a large diameter
pipe that was perhaps two-feet above the ground that apparently carried fuel to the Space
Shuttle. A starling investigating that hole drew our attention to it. We assisted with develop-
ing a way to prevent future damage to shuttles. The answer was simple. NASA had cleared
all trees from the area and was maintaining grass trimmed to less than about 5 cm tall in or-
der to prevent a wildfire during a launch. Activity in the area assured that there were many
bare areas. NASA had created and was maintaining perfect foraging habitat for both the star-
lings and the flickers. Our recommendation was to let the grass grow to a height that would
deter ground feeding by the birds (Jackson 1997, 2002). Solving a problem with a species
— whether one caused by the species or one that is causing a species to be on the path to ex-
tinction — first requires an understanding of the species role in its ecosystem, its relationship
to the physical environment and the species with which it lives.

Other cavity-nesting Starlings that may threaten woodpecker
populations

Other cavity-nesting starling species are also on the move, expanding into human-domina-
ted habitats in several areas — and providing new competition for woodpeckers and other
cavity-nesting species in those areas.
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The Crested Myna (Acridotheres cristatellus) has been breeding in La Plata, Argentina,
since the 1980s and its population is growing. It has been reported using abandoned cavities
of the Green-barred Woodpecker (Colaptes melanochoros) (Navas 2002). The Crested Myna
was also introduced to the Vancouver, British Columbia area of Canada sometime in the late
1890s (Brooks & Swarth 1925). Its populations began growing and most of its nest sites were
in the cavities of Northern Flickers or other woodpeckers (Scheffer & Cottam 1935). Some
cavities had likely been abandoned by the woodpeckers, but others were actively usurped.
The populations grew and spread, but only in the Vancouver area — and then they began to
decline (Johnson & Campbell 1995). The last two Crested Mynas in Vancouver died in about
2003 (Self 2003, Simberloftf & Gibbons 2004) and the species was removed from the Ameri-
can Ornithologists” Union Checklist of North American Birds (Banks ez al. 2005).

The manner of woodpecker cavity usurpation by Crested Mynas was clearly described
by Scheffer and Cottam (1935) and seems to also reflect the approach taken by Common
Starlings:

“In conflict with the flicker, the myna shows tact and persistence. If a new home of

the former is under construction in a tree stub, the mynas ...wait patiently for its

completion.... When ... ready for use, several pairs of the intruders may contest

for its possession.... The result is ... eviction of the woodpecker tenants.”
The Common Myna (Acridotheres tristis) is today spreading through the Middle East and
aggression between it and Syrian Woodpeckers has been observed at nest cavities (Holzap-
fel et al. 2006); however, in Isracl the Common Myna also evicts Vinous-breasted Star-
lings (Sturnus burmannicus), which compete directly for Syrian Woodpecker cavities (Or-
chan et al. 2013). The Common Myna was also introduced (probably through the pet trade)
in southern California and Florida. It has nested in California (Willet 1930), but Choi et al.
(2011) found no recent evidence of them. The Common Myna did become established in
south Florida where its populations are growing, but interactions with woodpeckers have
not yet been reported (Pranty 2007). All Common Myna nests we have thus far observed in
Florida (around 15) have been in or behind large signs on or near buildings in urban and sub-
urban areas. Common Mynas are using sites more commonly occupied here by introduced
House Sparrows (Passer domesticus) and Common Starlings.

Common Myna, Bank Myna (4. ginginianus), Jungle Myna (4. fuscus), Crested My-
na and the introduced Pied Starling (Sturnus contra) are now breeding in Japan (Eguchi &
Amano 2004). The Pied Starling and the first three species of Mynas still have limited and
primarily urban populations. The Crested Myna is widespread and locally common. Egu-
chi and Amano (2004) had observed no instances of cavity usurpation by any of the Myna
species, noting however, that at the time, the Mynas remained primarily in urban areas. If
habitats continue to be altered by forest fragmentation or change in land use in the region of
the critically endangered (fewer than 600 individuals) Okinawa Woodpecker (Dendrocopos
noguchii) (BirdLife International 2016b), there is potential that one or more myna or star-
ling species could become established and become a serious additional threat to that wood-
pecker. Kotaka and Matsuoka (2002) have observed active nest cavities of Great-spotted
Woodpecker usurped by the Chestnut-cheeked Starling (Sturnus philippensis).
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Discussion

As primary cavity nesters, woodpeckers face many challenges in the modern world — mostly
at the hands of humans. These include the introduction of exotic species that are competitors
or predators such as the Common Starling. While a significant problem, far more important
to most woodpecker species is clearing and fragmentation of forests, conversion of natural
forests to monocultures of economically important tree species, short-rotation forestry that
harvests trees at their prime economic value, restriction of fire where fire is essential, the use
of prescribed burns at times other than when natural fires would have occurred, and remo-
val of dead wood from parks, fence rows and residential areas.

As these habitat changes have progressed, the Common Starling has prospered — both
in its native land and where it has been introduced because it is a generalist that favors the
open, low-grass areas associated with human disturbances associated with the clearing of
forest lands, growth of our crops, grazing of livestock, and construction of our towns and
cities. As we have expanded our range and numbers, so has this starling.

As a secondary cavity nester, Common Starlings are known for their aggressiveness and
success in usurping cavities from woodpeckers and other species. Observations of their agg-
ression and persistence have led some to predict endangerment or extinction of species as a
consequence of cavity usurpation. The impact of Common Starlings on most woodpecker
species seems not so dire. The Common Starling may be successful within the parameters of
its favored habitat, but it is also very selective of nest sites, favoring high cavities near good
foraging habitat, with a favored narrow range of other cavity and cavity-site parameters and
a relatively narrow window of time in which it is most successful. These limitations, while
evolutionarily malleable, are countered in many cases by ecological plasticity that allows
other species to adapt to the starling invasion of altered ecosystems (Aitken & Martin 2008).

Each woodpecker species has its own adaptive range for habitats and nest sites. Some
such as the White-backed Woodpecker and the Red-cockaded Woodpecker have little or
no overlap with the Common Starling — at the present. Other, more generalist woodpeckers
such as the Great-spotted Woodpecker and the Red-bellied Woodpecker overlap the habi-
tat niche and the nesting phenology of the Common Starling — especially in urban, suburban
and exurban areas. In those areas the woodpeckers suffer frequent cavity usurpation. How-
ever, these woodpeckers also have broad areas of habitat non-overlap, thus limiting starling
impacts on the species. Species such as the Eurasian Green Woodpecker, Northern Flicker
and Red-headed and Lewis’s Woodpeckers (Melanerpes lewis) are ground- or aerial-feed-
ing, open habitat specialists whose habitat niches broadly overlap that of the Common Star-
ling. These might be considered the most vulnerable of species, yet within this group we
find the strongest cavity-defense behavior among the woodpeckers and some evidence of
changes in nesting phenology that perhaps reduce cavity usurpation.

The evolutionary “apple cart” has been violently and rapidly upset during the last two
centuries and many of the “fruits” of natural ecosystems that have developed over millen-
nia have been bruised — some so badly that they might not be salvageable. Others we can
“clean-up” — but it doesn’t mean they aren’t bruised. A species’ presence in a severely al-
tered ecosystem doesn’t mean it favors the altered ecosystem. It may simply mean that it has
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nowhere else to go and in time it will disappear like rotted fruit left behind. The “decay” and
loss of species due to ecosystem changes may take decades, even centuries, but may none-
theless be final.

Perhaps the best insight relative to the impacts of competition for cavities between wood-
peckers and starlings will come from careful monitoring of both starling and woodpecker
species with an understanding of their ecological needs and changes that have occurred
and are occurring to their ecosystems. Following recognition of recent declines in some
Common Starling populations, Smith (2005) has taken a broad view with data that suggest
Great-spotted Woodpecker populations are rebounding as the starling populations decline.
He suggests that interference competition at the nest site may have been reducing wood-
pecker nesting success even if the starlings were unsuccessful in usurping cavities. Another
suggested result of declines in starling populations in Europe and Great Britain is the recent
establishment of the Great-spotted Woodpecker as a breeding bird in Ireland (McComb et
al. 2010, Pocock 2015). DNA analyses suggest the Irish woodpeckers had come from Great
Britain, where Great-spotted Woodpeckers have been increasing in numbers (McDevitt et
al. 2011).

Onodi and Cs6rgd (2013) were able to capture another essence of change relative to
Great-spotted Woodpeckers by using aerial photos and on-site measurements of vegetation
to evaluate the habitat in which 1411 Great-spotted Woodpeckers had been captured for
banding over 27 years. As the vegetation became increasingly dense, more woodpeckers
were captured — thus it seems that as the habitat became less favorable to starlings, it was
becoming more favorable to Great-spotted Woodpeckers. As a result of decreased visibility
due to increased vegetation density, using only a visual census of the woodpeckers may not
have revealed their numbers. The authors identified several other factors that might have
influenced the results (e.g. single dead or larger trees, a localized abundant food resource).
Mazgajski and Rejt (2006) provide excellent related discussion from a different perspec-
tive — that of the potential cascading impacts of habitat fragmentation on Great-spotted
Woodpeckers.

In Hungary, in recent years census data suggest that Common Starling populations have
remained large and apparently stable and Great-spotted Woodpecker populations have had a
moderate increase (Szép et al. 2012). There, as well as in North America, starlings are most
abundant in open agricultural areas, next most abundant in urban areas, and least abundant
in heavily forested areas. How do changes in habitats in Hungary compare to changes in are-
as where starlings are declining and Great-spotted Woodpeckers are increasing?

Away from urban, suburban and exurban areas, we are negatively impacting many more
woodpecker species, but often don’t clearly see the changes we have wrought. We have re-
designed and redefined “forest” in many ways. We have set new benchmarks for what con-
stitutes a forest, what constitutes old growth, and even what constitutes a “healthy” forest.
Our new benchmarks are in part ones defined by human needs and in part a reflection of
what we see today. Today a 60-year-old, even-aged, monoculture of longleaf pine (Pinus
palustris), a North American species with a natural potential longevity of nearly 500 years,
is regularly called “old-growth.” We have forgotten the past, ignored interconnections with-
in, between and among species and ecosystems and we focus on short-term economic goals.
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It is not merely loss of naturally forested area that has resulted in declines in woodpecker
(and other species), but also changes that have been exacerbated by our manipulation of for-
ests. Ultimately, we are to blame for the ecosystem changes that have led to declines of some
species, excessive successes of others, and in some cases extinction. We, as a species, intro-
duced Common Starlings to North America and elsewhere. We invented automobiles and
chainsaws and fragmented habitats that opened forests and provided avenues for expansion
of non-forest species like this starling and barriers to forest species. We can’t ship starlings
back to their “homeland” or do away with our cultural infrastructure. But we can do a much
better job of maintaining biodiversity by fostering an understanding of ecosystem structure
and function and the supporting roles that each species plays in the stability of ecosystems.

From a management perspective, the focus of much conservation effort is on target —
maintain the various components of diversity within ecosystems, and understand the com-
plexity of interactions among components. Mimic the efficiency of nature, not the efficien-
cy of factory assembly lines. Understanding why some woodpecker species are declining
requires that we “see” the whole forest as it once was, not merely the trees and the avifau-
na as they are today.

The trees in parks, greenbelts and neighborhoods of our cities and towns have grown with
the cities and now often provide more old growth than can be found in areas away from
them. But humans have a penchant for removing dead trees and dead limbs and for using
pesticides to “control” insects, while at the same time creating vast areas of close-mowed
grass and landscaping with exotic plants of little ecological value for native birds. Starlings
find food in dumpsters and weedy edges, and nest sites in ramshackle structures as well as in
natural and woodpecker cavities. They may make these “substitute habitats” ecological sinks
for some species in the long term, although over the short term, for some, they may be refu-
gia. If we continue with the current path of forest monoculture and short rotations, only the
generalists among woodpeckers can survive, but even for them, such areas can become an
ecological sink when highly competitive starlings are added to the mix. Morrison and Chap-
man (2005) censused woodpeckers during the summer months at six urban “parks” in Con-
necticut and concluded that they provided for most of the woodpecker species in the region,
with increasing woodpecker diversity in larger tracts of woodland. However, they did not
look at woodpecker nesting success and their monthly census counts were averaged over the
three month period such that some counts would likely have included fledglings, with ear-
ly nesting species having fledglings potentially counted in all three months, but later nesting
birds with fledglings counted in only one or two months. The study was a worthy effort that
deserves to be replicated there and elsewhere — but to also consider nesting success, timing
of fledging, tallies of adult and juvenile woodpeckers, and also of Common Starlings. Only
with a more holistic approach can we truly begin to understand the broader implications of
parks as refugia — or as ecological sinks — for woodpeckers and other wildlife.

Angelstam et al. (2011) reviewed forest management needs for conservation, and the de-
velopment and implementation of policies to assure a continued presence of forest biodiver-
sity — including habitats with the presence of starlings and habitats where starlings normally
don’t venture. They noted that it is difficult to reach consensus on needs. The development
of policies that will promote a continued presence of forest biodiversity is a slow process
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that must be based on understanding of the complexity and dynamics of ecosystems. Im-
plementation of those polices is even slower. Mandated actions get results; voluntary ac-
tions get only some results. How important is it that we maintain biodiversity on this planet?

Much of what we know about the interrelationships of starlings and woodpeckers has
come from incidental observations rather than from in-depth study of the birds and the
problems. Such observations are important. They provide documentation of interactions
that might stimulate in-depth study; they raise the questions and often offer interpretive
suggestions that get us interested in the problems. Such casual observations are often made
where humans live and work — largely in open habitats that are optimal for Common Star-
lings and less than optimal for most woodpeckers — thus there is an inherent bias that we
must be wary of.

The bottom line that links all of the perceived problems is us: Homo sapiens. We intro-
duced Common Starlings around the world at a time when birds were recognized as pri-
mary agents of pest control and little thought was given to the concept of problems being
caused by invasiveness of species when introduced to new environments. At the same time
we became so much more efficient at exploiting natural resources. Cities and towns and
connecting transportation systems grew and natural forests disappeared, were fragmented,
or converted to even-aged crops of single species that are now harvested when of greatest
short-term economic benefit — with little consideration of ecosystem stability or the conser-
vation of biodiversity. Starlings are not so much the aggressive competitors that have con-
quered populations of other cavity nesters. It is just that humans have altered natural habi-
tats in ways that are more optimal for starlings and less than optimal for many of the species
with which they compete.

Many studies are merely “snapshots” in time, with little consideration of events and
changes that occurred earlier or of changes that might have been triggered that will become
evident only in the future. We tend to think of change on the scale of human lifetimes. Aldo
Leopold’s (1949) essay “Thinking Like a Mountain” tells us that we should learn to think
“like a mountain” — on a much grander time scale — in order to fully understand how the ima-
ges in our “snapshot” came to be and how they might become.
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Abstract Despite previous inventories and atlas of the avifauna in the Basque Country, Nor-
thern Spain, the dense population of the Middle-spotted Woodpecker Leiopicus medius in the
1zki forest was not discovered until the 1990’s. This population mainly occupies a 3,700 ha Quercus pyrenaica fo-
rest, showing an average density of 0.89 territories/10 ha. The occurrence and abundance of territories is positive-
ly associated to the density of large caducifolious Quercus trees (>35 cm diameter). While nesting trees are appa-
rently easily available, large trees for foraging could be a more limiting resource, given the historical exploitation
regime of the forest. There are several other massifs in the region with smaller populations, but the functional
connectivity, demographic and dispersal dynamics relating the core Izki and the peripheral areas have not been
investigated. The conservation relevance of the Izki population in the Spanish context is high and given the need
to understand the effects of forest management, future research should include spatial ecology, breeding perfor-
mance as well as population monitoring.

Keywords: Picidae, Quercus pyrenaica, forest, Iberian Peninsula, conservation

Osszefoglalas A korabbi madarfaunisztikai felmérések és a Baszkfoldrol (Eszak-Spanyolorszag) késziilt madar-
tani atlasz ellenére csupan az 1990-es években irtak le az Izki-i erd6ben talalhato, népes kozép fakopancs (Leio-
picus medius) populaciot. Ez a populacio egy 3700 hektaros, féleg pireneusi tolgyekbdl (Quercus pyrenaica) 4116
erddben talalhato, 0,89 territorium/ha stirtiséggel. A territoriumok megoszlasa pozitiv dsszefiiggést mutat a vas-
tag torzst, lombhullato tolgyek (>35 cm atmérd) jelenlétével. Mig a fészkelésre alkalmas fak konnyen elérhetd-
ek, addig a taplalkozasra szolgalo vastagabbak limitalé forrast jelenthetnek a sokéves erdégazdalkodasnak tulaj-
donithatoan. A térségben szamos kisebb koltéallomany is megtalalhatd, azonban az Izki-i populacioval fennallo
kapcsolatukat, demografiai és terjedési dinamikajukat még nem vizsgaltak. Az Izki-i populacio természetvédelmi
jelentdsége igen magas, ¢és sziikségessé teszi az erdégazdalkodas hatasanak feltérképezését. A jovobeli kutatasok-

Kulesszavak: Picidae, pireneusi tolgy, erddgazdalkodas, Ibériai-félsziget, természetvédelem

Hazi Foundation, 01192 Arkaute, Alava, Spain, e-mail: jofernandez@hazi.es

Introduction

The Middle-spotted Woodpecker Leiopicus medius is nearly endemic in the Western Palearc-
tic, from European Russia and the Caucasus, to France and the Iberian Peninsula (Gorman
2014). The nominate race is distributed across continental Europe, as the formerly described
Iberian race /ilianae is not currently recognized (Gorman 2004). This woodpecker is a resi-
dent of temperate forests, strongly preferring mature oak woodlands. It also inhabits mixed
deciduous and riparian forests, parklands, wooded pastures and even beech stands, provided
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the availability of standing large, decaying and rough-barked trees (Pasinelli 2003). The
oak volume and the number of suitable trees for foraging (>35 cm girth) and nesting (>20
cm girth) have been related to patch occupancy, colonization and persistence. The over-
all long-term trend is declining, because the species is sensitive to the general fragmenta-
tion of the original lowland oak forests in Europe (Lammertink 2014). More recently, vari-
ous trends and moderate increases have been reported for core Central European countries,
and the conservation status proposed by the [IUCN Red List is “least concern”, both global-
ly (BirdLife International 2012) and regionally in the European Union (BirdLife Internatio-
nal 2015). In spite of this, small, isolated and peripheral populations face an increased risk
of extinction (Pasinelli 2003).

Northern Spain holds the westernmost population of the species. It encompasses the main
mountain ranges, namely the Cantabrians, the Basque and the Pyrenees. These form an 800
km long, W-E oriented corridor. Although traditionally exploited, degraded and reduced in
their original surface, oak (Quercus pyrenaica, Q. faginea, Q. robur and Q. petraea) forests
remain mainly at altitudes between 700 and 1300 m, with lowland forests showing a much
more relict and patchy occurrence. Three separate populations of the Middle-spotted Wood-
pecker are known in Northern Spain. The Cantabrian is located in the provinces of Asturi-
as, Cantabria, Leon and Palencia, and its extent of occurrence (sensu IUCN 2014) covers

Figure 1. Current distribution of the Middle-spotted Woodpecker Leiopicus medius in Spain, during
breeding period. Presence recorded in UTM 100 km? squares, updated from Onrubia et al.
(2003). Black squares indicate confirmed presence; triangles, old, possible or unconfirmed
presence. The area of the population in the Basque Country and neighbouring districts is
circled. Borders of Spanish provinces are delineated. Those mentioned in the text are signa-
led: AS - Asturias, LE - Ledn, P - Palencia, C - Cantabria, B - Burgos, A - Alava, G - Gipuzkoa,
N - Navarre, LR - La Rioja, S — Soria and L - Lérida. The UTM 100 km? squares in the northern
(French) section of the Pyrenees closer to the Spanish border, with confirmed presence du-
ring breeding periods 2009-2012 (Issa & Muller 2015), are also shown (empty squares)

1.dbra A kozép fakopancs (Leiopicus medius) jelenlegi spanyolorszagi koltési elterjedése. Az eléfor-
dulas feltérképezése 100 km?-es UTM négyzetekben késziilt, Onrubia et al. (2003) nyoman.
A fekete négyzetek jelentik a megerésitett el6keriilést, mig a haromszogek a lehetséges ré-
gi vagy nem megerdsitett elékeriilést mutatjdk. A koron belil taldlhatoak a baszkfoldi és
az azt korulvevé populdciok. A hatdrvonalak a spanyol tartomanyokat jel6lik. A szévegben
emlitett és az dbran jeldlt tartoményok a kdvetkezdk: AS — Asturias, LE - Ledn, P - Palencia,
C - Cantabria, B - Burgos, A - Alava, G — Gipuzkoa, N - Navarre, LR - La Rioja, S - Soria and
L - Lérida. A Pireneusok Franciaorszag-fel6li részére es6 UTM négyzetek (kdzel a spanyol ha-
tarhoz) a 2009-2012 kozotti koltési idészaki megkeriilések adatait mutatjak (lres négyze-
tek, Issa & Muller 2015)
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around 35 squares of 100 km?. A subpopulation in the western section of the Cantabrians has
probably gone extinct in the last decade (Sanchez et al. 2009). As for the Pyrenees, two sub-
populations are known from the provinces of Lérida and Navarre respectively, with a joint
extent of occurrence of just 5 squares of 100 km? (Onrubia et al. 2003). In fact, these Pyre-
nean subpopulations are possibly connected to the population of the Northern (French) slope
of the range, where the species is more widely distributed (Issa & Muller 2015).

Finally, the Basque population lays at an intermediate geographic position between the
above mentioned, c. 125 km distant to the closest limits depicted for the Cantabrian and 60
km for the Pyrenean. It is found in the province of Alava and the adjacent fringes of Narar-
re and Burgos (Gonzalez ef al. 2006), and covers an extent of occurrence of 10 squares of
100 km? (Onrubia et al. 2003) (Figure 1). This population is highly relevant from a conser-
vation perspective. In the Spanish context, because it contains the densest population thriv-
ing in a continuous, unfragmented forest block (the Izki forest) and it holds at least one third
of the country’s numbers, even though figures available for the Cantabrian are partial and
not completely comparable (Garcia-Fernandez et al. 2002, Robles & Olea 2003, Fernandez
& Lozano 2009, Fombellida et al. 2009); and globally, because populations at the edge of
the distribution may represent local adaptations, distinct evolutionary potential and ability
to persist under rapidly changing climatic scenarios (Hampe & Petit 2005, Fuller ez al. 2011,
Rehm et al. 2015). In this paper, I review and synthesize the discovery, inventory, research
and current state of knowledge about this population.

Historical background and discovery

Apparently, there is no specifically attributable mention of the Middle-spotted Woodpecker
in the classical Spanish literature (Bernis 1995). Popular, vernacular names have not been de-
scribed either, the species presence being covered by the much more common and abundant
Great-spotted Woodpecker Dendrocopos major (Bernis 1995, Garcia-Fernandez 2008) The
scientific inventory of the avifauna in Spain is quite recent in historical terms, if compared
to central and northern European countries. The first systematic approaches date back to the
late 19 century, when the catalogues by Ventura Reyes and José Arévalo were published. Or-
nithological contributions at this stage were highly influenced by visiting naturalists and orni-
thologists, like Alfred Brehm, Howard Saunders and Howard Irby (Telleria 2004).

Reig (2004) and Salas ef al. (2005) have compiled and reviewed critically the existing his-
torical records on the occurrence of the Middle-spotted Woodpecker in the Iberian Peninsu-
la. The reliable data — detailed observations or descriptions of museum specimens — are re-
ferred to the Catalan Pyrenees (1879, 1913) and the Cantabrians (1876, 1921), apart from
northern Portugal (1896) and other Spanish regions where the records are considered doubt-
ful (central Spain) or simply erroneous (southern Spain). Among historical authors, Wither-
by (1922) provided certain information on the Cantabrian population, and captured eight
specimens, that based the already mentioned proposal of the subspecies Dryobates medius
lilianae. The question whether the Middle-spotted Woodpecker had a wider distribution in
the 19" century than today remains open, given the evidences from northern Portugal.
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Regarding the Basque-Navarre mountain range, the Middle-spotted Woodpecker was not
mentioned by foreign ornithologists visiting the region, although this part of the country did
not attract as much interest as southern Spain. Saunders (1884), Chapman and Buck (1893),
Gadow (1897), Blasius (1907) and Ticehurst and Whistler (1925) explored several forest-
ed areas, especially in Navarre, but found no record on this species, unlike other less cryptic
woodpeckers (e.g. Black Woodpecker Dryocopus martius). The first mention is credited to
Aldaz (1918), who just noted the “rare” occurrence of the species. Despite vague, it may be
reliable because his catalogue and descriptions are well founded, based on collections (al-
though apparently this was not the case for the Middle-spotted Woodpecker) (Sansinenea
1908). None of the Spanish populations of the species produced new substantial information
until the pioneer study by Purroy et al. (1984) in the Cantabrians. As for the Basque region,
the only worthwhile was Noval (1967) who stated “few observations and not completely re-
liable”. In Navarre, Purroy (1974) knew an only occupied locality, but better ascribed to the
Pyrenean range than to the Basque.

During 1975-1977, field efforts to map the distribution of breeding bird populations in the
southern third of the Basque Country — and neighboring regions, namely La Rioja, Burgos
and Soria — were undertaken by De Juana (1980). He authored a pioneering atlas, but ob-
tained no records for the Middle-spotted Woodpecker.

The first systematic mapping of the breeding bird populations in the Basque Country and
Navarre were performed in years 1982—1984, using conventional atlas methodology and the
100 km? squares of the Universal Transverse Mercator (UTM) grid as sampling units. The
entire region was covered, but the Middle-spotted Woodpecker was recorded in just two lo-
cations. Although no specific census was made, regional population size was estimated less
than 10 pairs on account of the scarcity of observations, and distance from the known areas
for the Cantabrian and the Pyrenean (French) populations suggested isolation and an endan-
gered status (Elosegui 1985, Faus 1985).

In the early 1990’s, Arambarri and Rodriguez (1994) communicated the presence of the
species in a new location in the province of Alava. In this case, records were regular and
suggested a well-established population. After their discovery, in May-June 1994 and 1995,
these authors performed a more systematic census, sampling Q. pyrenaica and Q. faginea
forest patches over a total area of 17 UTM 100 km? squares, by means of 387 point counts
along pre-fixed itineraries, where play-back was used (Arambarri & Rodriguez 1996). Oc-
currence of the Middle-spotted Woodpecker was demonstrated in five of those squares, con-
centrated in and around the so-called Izki forest. This is a vast woodland of nearly 7,000
ha, dominated by Q. pyrenaica (3,700 ha), Q. faginea (900 ha) and beech Fagus sylvatica
(1,800 ha). Density in the Izki forest was 1.29+0.12 pairs/10 ha, assuming that birds res-
ponded to the tape from a maximum distance of 150 m. The population size was estimated
451+42 pairs, including birds from the close Sabando forest, a patch of nearly 450 ha domi-
nated by Q. pyrenaica.

The fact that this population had gone previously unnoticed, contrasts sharply with its
shown local abundance, the conspicuousness of the birds at occupied sites and the rela-
tively good knowledge about the regional avifauna. The participants in the 1982—-1984 at-
las probably mistook observations of the unexpected Middle-spotted Woodpecker for the
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Great-spotted, which was frequent in all sorts of forest landscapes and also inhabited the 1z-
ki forest at that time (Faus 1985). Gainzarain (2006) pointed out that, decades ago, under a
more intensified forest exploitation regime, the Middle-spotted Woodpecker density could
be lower, thus preventing detection. But this idea is hard to apply, because the systematic
approaches to the description of the regional avifauna began in the late 1970’°s and deepened
in the 1980’s, as seen above. This period is not that far from the discovery of the population,
and encroachment of the forest as a consequence of rural emigration to cities had already be-
gun in the 1950’s (Michel & Gil 2013).

Distribution

Since the discovery of the Izki population, two systematic studies on the distribution, co-
vering the whole Basque region, were performed. The first one took place in 1995 and was
focused on the Picidae assemblage (Lanius Ornithological Society ef al. 1995). The Midd-
le-spotted Woodpecker was searched for in 27 UTM 100 km? squares that held a significant
surface of caducifolious Quercus patches. Occurrence was only noted for seven squares,
spread over the already known Izki population and the western tip of Gipuzkoa province,
bordering Navarre. Nevertheless, in this latter sector, records of the species were not defi-
nitely confirmed.

The second systematic survey was performed in the framework of the Spanish atlas of
breeding birds during 1998-2001, and again every UTM 100 km? square was surveyed us-
ing non-specific atlas methodology. Ten squares were found occupied by the Middle-spot-
ted Woodpecker, six of them in Alava — the Izki forest being the core — and four in neighbor-
ing areas of Navarre (Onrubia et al. 2003). The species went unrecorded from the squares in
Gipuzkoa province where the 1982—-1984 atlas and the 1995 survey had signaled it.

While the study by Onrubia et al. (2003) is the most recent systematic, extensive approach
to the breeding distribution of the population, the picture was still not complete. Two addi-
tional populations have been reported in the last decade, from locations where the occur-
rence of the species was previously unknown. The first one (Montes de Vitoria range) was
surveyed in detail, by means of 58 point counts over a total surface of 610 ha of oak patches,
interspersed among a forest matrix of beech stands and coniferous plantations (Unanue et
al. 2010). The number of occupied patches was small (14% of positive point counts). The
second population (Sierra de Entzia range) has not been investigated yet, but the presence
of territorial individuals has been well established over the years 2013-2015 (J. M. Fernan-
dez-Garcia, own data). These two populations are not contiguous to the Izki core population,
but in fact functional connectivity among them is probable, because despite the fragmenta-
tion of the oak patches, the forest matrix is continuous and distances to the closest bounda-
ries are less than 15 km. This length is within reach for a short-distance natal disperser like
the Middle-spotted Woodpecker (Pasinelli 2003).

Even with such intensity of sampling at regional scale, there are three distinct forest mas-
sifs where the occurrence of the species has been cited in the past, but which lack reli-
able evidences about the presence of a permanent breeding population. The first one is the
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eastern tip of Gipuzkoa province: surveys in 1982—-1984 and 1995 communicated few and
unconfirmed records (see above); the one in 1998-2001 did not. During March-May 2015,
the best oak habitat patches remaining in six wider areas of Gipuzkoa have been sampled by
means of point counts. Just one territory (i.e. a locality where individuals were detected on
two visits) was assessed, apart from other two unrepeated records. Therefore, current distri-
bution and population size in Gipuzkoa province appears to be certainly small or even anec-
dotic (Itsas Enara Ornithological Society 2015).

The other two massifs with previous records lay both in Alava. Opportunistic observa-
tions (Elguea-Urkilla range, 1994, Gorbea range, 2006 and 2007) by skilled observers were
communicated, and more ambitious surveys have taken place thereafter. However, occupied
territories or even isolated birds have not been recorded again (J. M. Fernandez-Garcia own
data, Unanue et al. 2014), in spite of the availability of suitable and large patches of oak
habitat. Structural connectivity could play a role in explaining the absence, because these
forest patches are either too far from the closest known population (40 km) or separated by
broad (5-7 km) cultivated areas that could act as barriers, thus preventing dispersal. Tempo-
ral occupancy, inter-annual variability as well as local colonization and extinction processes
have been documented for the Cantabrian population of the Middle-spotted Woodpecker
(Robles & Ciudad 2012), and tentatively could explain out-of-range records.

Post-breeding (wintering) distribution of bird populations in Alava province was assessed
in 2002-2005. Linear transects were performed in every UTM 100 km? squares during De-
cember-January, applying non-specific methodology. As for the Middle-spotted Wood-
pecker, a map of occurrence and relative abundance was built, which showed a similar
range than the breeding period and absence over areas other than the 1zki forest and its sur-
roundings (Gainzarain 2006). Therefore, at the mentioned sampling scale, the resident sta-
tus of the population was evident.

Density and population size

The census by Arambarri and Rodriguez (1996) was the first to quantify the abundance of
the Izki population. In 2000, breeding bird assemblages were investigated at 1zki, count-
ing individuals along transects totalizing 2.02 km across Q. pyrenaica patches and 1.36 km
across Q. faginea patches (Onrubia et al. 2001). The average Middle-spotted Woodpecker
densities were estimated at 1.7 birds/10 ha (Q. pyrenaica woodland) and 0.3 birds/10 ha
(Q. faginea woodland). For comparison, this same study measured abundance of sympat-
ric Great-spotted Woodpecker at 0.2—0.3 birds/10 ha. But the Middle-spotted Woodpecker
numbers were later criticized by Robles and Olea (2003), based on invalid methodological
assumptions, which probably led to overestimate the population density. Authors of previ-
ous censuses had used long emissions of tape vocals, considered 150 m as the maximum
attracting range, concentrated their fieldwork in May and June during the incubation and
chick-rearing periods, did not separate territorial males and females, and did not acknow-
ledge floaters or dispersing birds. These aspects have been highlighted by Berndt (2009) as
potential sources of overestimation of local Middle-spotted Woodpecker population size.
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No other attempts to census the Izki population have been made until 2012, when Ciu-
dad and Robles (2014) estimated population size by mapping territories in 37 parcels (30
ha each), selected randomly. Surveyed area was around 16% of the forested surface of Izki,
and nearly 25% of the oak woodland, therefore meaning a robust sample. Parcels were visi-
ted 3-5 times during pre-breeding period (March-April), when birds showed a peak in terri-
torial behavior. Each parcel was sampled in detail by one skilled observer, at a rate of 20 ha/
hour. Every 100 m, vocalizations were emitted during 30 seconds. If Middle-spotted Wood-
peckers were detected, the position, activity and movement of the birds were mapped. Terri-
tories per parcel were delimited based on repeated detections and interactions among birds,
rejecting cases of vagrancy and territories with a minor surface inside the parcel. Average
woodpecker density in the Pyrenean oak forest was 0.89 territories/10 ha (95% CI: 0.74—
1.04), which yielded a global estimation of 338 territories (280-396) for the entire study
area. Densities of 0.2-0.6 territories/10 ha have been measured in the Cantabrian range
(Robles & Olea 2003, Fombellida et al. 2009), and 0.3—0.6 territories/10 ha in the Pyrenees
(Camprodon et al. 2009). Therefore, densities at Izki forest outnumber those reported for
other Spanish populations, and approach those for Central Europe (Pasinelli 2003), but we
must take into account that differences in methodology may prevent reliable comparisons.

Habitat use and selection

The breeding habitat of the Izki population was described for the first time by Arambarri
and Rodriguez (1997). They parameterized forestry variables (dominance, coverage, num-
ber and dimension of trees, regeneration) in four plots of 50 m diameter, centered in trees
with known nests. Q. pyrenaica was the dominant tree species (80-90%) in three plots, and
F sylvatica (62%) in the remaining. Main accompanying shrubs were Ilex aquifolium, Cra-
taegus monogyna and Malus sylvestris. Average volume of wood was 189 m3/ha (167-207).

A more focused research was performed by Maldonado ef al. (2009). The forest structure
was characterized along nine transects 200 x 8 m, ascribed to patches occupied and unoc-
cupied by Middle-spotted Woodpeckers, where species of trees, diameter, height, sanitary
state, age and dead wood were measured. Transects “with” woodpeckers showed less densi-
ty of trees, higher numbers of trees > 50 cm diameter (12—50/ha vs. none) and snags > 20 cm
(6-90 vs. none), higher average diameters (31 cm vs. 21), older age (>130 years vs. < 100),
higher diversity of tree sizes tending to irregular structure, and a marginally higher volume
of logs and dead wood on the ground. Statistical tests were not applied in this study, and the
Middle-spotted Woodpecker presence-absence patch classification was questionable, based
on old (year 1994), indirect or non-systematic information. However, the use of mature to
intermediate forest structures — or at least harbouring big caducifolious trees — was evident.

Ciudad and Robles (2014) described habitat selection during breeding, searching for
correlations between presence and abundance of territories in 37 parcels (30 ha each; see
above) and a number of structural variables (number, height, health condition and holes re-
garding trees > 9,5 cm diameter), parameterized in 330 circular plots (0,04 ha each) regu-
larly distributed inside the parcels. Generalized linear models (GLM) and multiple linear
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regressions (LM) were applied. The occurrence and density of Middle-spotted Woodpecker
territories were positively associated to density of large caducifolious Quercus trees (> 35
cm diameter); on average there were 65 such trees inside occupied parcels vs. 15 in unoccu-
pied ones. But this influence was not detected for potential nesting trees (>17 cm and decay-
ing). Authors suggested that foraging trees acted as a limiting resource for the population,
unlike nesting trees which seemed much more available. This feature was possibly a conse-
quence of the history of coppice exploitation of the forest, which originated stands with high
competence among regenerating trees.

Apart from the landscape and parcel scales, habitat selection has been investigated at the
nesting-tree scale. Arambarri and Rodriguez (1997) described six trees that had been used
for breeding. Five of them were Q. pyrenaica and just one F. sylvatica, but all were dam-
aged or presented dead parts. Holes had been excavated at 1.1-5.4 m height. No orientation
preference was observed. Maldonado ef al. (2009) characterized in detail 26 nesting trees
and plots 15 m diameter around each one of them, although the unambiguous attribution of
such holes to Middle-spotted Woodpecker was not verified in the field. They found that the
density of trees within the plot was lower than the average in the patch, and that frequency of
holes excavated on damaged or dead trees was seven times higher than those on apparently
healthy trees (3%, p<0.01). Also, a clear preference for trees colonized by the fungus Fomes
fomentarius was reported: nearly half of the trees in the forest with fungi had been exca-
vated (3%, p<0.01). Diameter range for nesting trees was 20-50 c¢m, but the average diame-
ter (33.7 cm) was larger (t test, p<0.01) than the average tree within the patch. Nest height
above ground varied between 1 and 14 m. Finally, there was a trend to increase the number
of holes with the intensity of damage in the trees, from healthy to decaying and dead.

In turn, Ciudad and Robles (2014) described physical characteristics of 28 trees (all Q.
pyrenaica) with holes known to have been used by Middle-spotted Woodpeckers for nest-
ing. Mean height of the hole was 4.5 m (range 1.5-10.5), and entrance was biased towards
S-SE. Average diameter of the nesting tree was 33.8 cm (range 18.5-53.2). These parame-
ters were compared for each nesting tree with the three closer trees, by means of generalized
linear mixed models (GLMM). Best model associated nesting to tree condition (i.e. health),
presence of fungus and of previous holes, either natural or excavated.

Post-breeding habitat use has received little attention. But basically, no relevant differ-
ences compared to the breeding period have been reported. Dominguez and Onrubia (2004)
found a positive selection for patches with high Q. pyrenaica coverage and mature stands,
also exhibiting a rich substrate of fruiting shrubs (I. aquifolium and C. monogyna). Gain-
zarain (2006) confirmed the extensive use of the Q. pyrenaica woodland, and much weaker
abundance in certain open Q. faginea patches.

Breeding biology

Six breeding attempts monitored by Arambarri and Rodriguez (1997) rendered estimated lay-
ing dates between April 27-28 and May 10—11. One adult stayed with the chicks inside the hole
until they were 12 days old. From day 16, chicks were generally fed at the entrance of the hole.
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Ciudad and Robles (2014) calculated laying date for two broods at 1zki forest: May 9 and
12. Breeding success (proportion of nests with at least one fledgling) was 70% (N=10), with
losses from predation by carnivorous mammals and D. major. Mean fledging date was June
9 (range May 31-June 22, N=7) and average number of fledglings per nest was 2.2 (range
1-3, N=5). This parameter does not depart from the Cantabrian population (H. Robles &
C. Ciudad, in litt.), but is low if compared to the core of the European distribution (4.1£1.4
from four studies) (Pasinelli 2006).

Diet

Information on this topic is rather anecdotic. Only Arambarri and Rodriguez (1997) recorded
feeding activities (N=204) from two nests. They observed an increase in feeding frequency
with age of chicks (Kruskal-Wallis test, p<0.01). The most important preys were Hymenop-
tera (32% of feedings) and Coleoptera (22%). A high relevance of common ivy Hedera he-
lix berries was noted in one of the nests (42%), with lower in the other (4%). The presence
of ivy in Middle-spotted Woodpecker diet has generally been undervalued (Pasinelli 2003,
Spiilher et al. 2015), but could compensate low availability of insects during energetically
demanding periods, like brood-rearing (Froehlich-Schmitt 2015).

Concluding remarks

It is surprising that the dense population of Izki was not discovered until the 1990’s, gi-
ven the relatively good knowledge about the regional avifauna. Possibly, ornithologists fo-
cused their attention on more attractive or fashionable groups, such as waterbirds, raptors
and migrants, which were already subject to monitoring programs. Forest birds in general
and woodpeckers in particular could be overlooked, despite the fact that they are a domi-
nant component of most bird assemblages in the Basque Country (Galarza 1996). Again, un-
known smaller populations have been described in the 2000’s, although in these cases it is
not clear whether the reason could be a recent colonization of new forest massifs by the core
Izki population. On the contrary, we’ve witnessed recent and inconclusive efforts to confirm
the situation in other areas where the species was recorded in the past.

Interpretation of this picture should take into account spatial ecology, functional connec-
tivity and demography. In the Cantabrian range, persistence of the species on forest patches
was related to habitat structure and fragmentation, but also to the size of the local population
(Robles & Ciudad 2012). Unluckily, research on Izki has only focused on topics that are es-
sential to estimate the conservation status (census and monitoring) and to design compatible
forest exploitation practices (habitat selection). But clearly, understanding the dynamics in
the core Izki population and the peripheral forest massifs requires new research priorities.
For instance, survival, dispersal and habitat preference of juveniles are important to estimate
colonization-extinction rates in suboptimal habitat patches and genetic exchange among
subpopulations (Robles et al. 2008).
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Knowing the reproductive output is key to estimate the impact of forest management on
habitat quality and population fitness, because density indicators maybe buffered by demog-
raphy. Compared to Central European populations, breeding parameters in Spanish Middle-
spotted Woodpecker populations show lower values, and that could also apply to the Basque
Country (Ciudad & Robles 2014), but sample sizes reported are too small. From a global
perspective, the marginal position of the Spanish populations is important to determine ge-
netic conservation units and to decide their relevance for the species conservation in a con-
text of environmental change.

Acknowledgements

I benefited from ideas and comments by Carlos Ciudad, José Antonio Gainzarain, Ana Gra-
cianteparaluceta, Gilberto Pasinelli, Hugo Robles, Jonathan Rubines, Azaitz Unanue, the
rangers of Izki Natural Park and two anonymous reviewers. This paper is a contribution to
LIFE 10/NAT/ES/0572, co-funded by the European Commission and the Provincial Coun-

cil of Alava.

References

Aldaz, J. 1918. Catalogo de las aves observadas en
Guiptizcoa y Vizcaya [Catalogue of birds ob-
served in Guipuzcoa and Vizcaya). — Memorias
de la Real Sociedad Espaiiola de Historia Natural
10: 459-508. (in Spanish)

Arambarri, R. & Rodriguez, A. 1994. Presencia en
época reproductora de pico mediano (Dendroco-
pos medius) en Alava [Presence of the Middle-
spotted Woodpecker (Dendrocopos medius)
during the breeding season in Alava]. — Ardeola
41: 100-101. (in Spanish)

Arambarri, R. & Rodriguez, A. 1996. Distribucion
y estima poblacional del pico mediano Dendro-
copos medius en Alava [Distribution and popu-
lation estimates of Middle-spotted Woodpecker
Dendrocopos medius population in Alava]. —
Ardeola 43: 221-223. (in Spanish with English
Summary)

Arambarri, R. & Rodriguez, A. 1997. Seleccion del
habitat de nidificacion y analisis del espectro ali-
menticio del pico mediano (Dendrocopos medi-
us) en el marojal de Izki [Nesting habitat selec-
tion and analysis of the nutritional spectrum of
the Middle-spotted Woodpecker (Dendrocopos
medius) in the oak forest of 1zki]. — Unpublished
report (in Spanish)

Berndt, R. K. 2009. Responses of Middle-spot-
ted Woodpecker Dendrocopos medius to
playback in course of population surveys in

Schleswig-Holstein (North Germany). — Vogel-
welt 130: 91-98.

Bernis, F. 1995. Diccionario de nombres vernacu-
los de aves [Dictionary of vernacular names of
birds]. — Gredos, Madrid (in Spanish)

BirdLife International 2012. Leiopicus medius. — The
TUCN red list of threatened species. — http://www.
iucnredlist.org. Downloaded on December 2015.

BirdLife International 2015. European red list of
birds. — Office for Official Publications of the Eu-
ropean Communities, Luxembourg

Blasius, R. 1907. Die Pyrenaen und ihre vogelwelt
[The Pyrenees and its birdlife]. — Proceedings of
the 4" International Ornithological Congress, Du-
lau & Co., London, pp. 554-579. (in German)

Camprodon, J., Faus, J. & Soler, J. 2009. Ecologia i
conservacio dels picids (Picidae) a la Val d’Aran
[Ecology and conservation of picids (Picidae) in
the Val d’ Aran]. — Unpublished report (in Catalan)

Chapman, A. & Buck, W. J. 1893. Wild Spain. — Gur-
ney & Jackson, London

Ciudad, C. & Robles, H. 2014. Population size and
habitat selection of the Middle-spotted Wood-
pecker (Dendrocopos medius) in Izki Natural
Park: results of the LIFE+ Pro-Izki project. — In:
Fernandez-Garcia, J. M., Pasinelli, G., Robles,
H. & Rubines, J. (eds.) — 7" International Wood-
pecker Conference, Book of Abstracts, p. 9. Di-
putacién Foral de Alava, Vitoria



52 ORNIS HUNGARICA 2016. 24(1)

De Juana, E. 1980. Atlas ornitologico de La Rioja
[Ornithological Atlas of La Rioja]. — Instituto de
Estudios Riojanos, Logrofio (in Spanish)

Dominguez, J. & Onrubia, A. 2004. Caracterizacion
y uso del habitat por el pico mediano (Dendroco-
pos medius L.) durante el periodo postreproduc-
tor en el Parque Natural de Izki (Alava) [Charac-
terization and habitat use by the Middle-spotted
Woodpecker (Dendrocopos medius L.) during the
post-reproductive period in the Natural Park of
Izki (Alava)]. — 17" Spanish Ornithological Con-
gress. Book of Abstracts, p. 195. SEO/BirdLife,
Madrid (in Spanish)

Elosegui, J. 1985. Navarra. Atlas de aves nidificantes
[Navarra. Atlas of breeding birds]. — Caja de
Ahorros de Navarra, Pamplona (in Spanish)

Faus, J. M. 1985. Atlas de las aves nidificantes de Ala-
va, Vizcaya y Guiptzcoa [Atlas of breeding birds
of Alava, Vizcaya and Guiptizcoa]. — In: Alvarez,
J., Bea, A., Faus, J. M., Castién, E. & Mendiola,
I. (eds.) Atlas de los vertebrados continentales de
Alava, Vizcaya y Guipiizcoa (excepto Chiroptera)
[Atlas of terrestrial vertebrates of Alava, Vizcaya
and Guipuzcoa (except Chiroptera)]. — Gobierno
Vasco, Bilbao, pp. 101-267. (in Spanish)

Fernandez, A. & Lozano, F. 2009. Censo y caracteri-
zacion del habitat del pico mediano (Dendroco-
pos medius) en el Parque Nacional Picos de Eu-
ropa [Census and habitat characterization of the
Middle-spotted Woodpecker (Dendrocopos medi-
us) in the Picos de Europa National Park]. — Lo-
custella 6: 89—-101. (in Spanish)

Fombellida, 1., Garcia, A. & Rollan, M. 2009. Can-
tabria es el principal refugio ibérico del pico me-
diano [Cantabria is the main Iberian refuge of the
Middle-spotted Woodpecker]. — Quercus 275:
14-20. (in Spanish)

Froehlich-Schmitt, B. 2015. Efeubeeren Hedera he-
lix als nestlingsnahrung des Mittelspechts Dend-
rocopos medius [Common ivy Hedera helix as
food for Middle-spotted Woodpecker Dendroco-
pos medius nestlings]. — Ornithologischer Beo-
bachter 112: 203-210. (in German with English
Summary)

Fuller, R. A., Ladle, R. J., Whittake, R. J. & Possin-
gham, H. P. 2011. Planning for persistence in
a changing world. — In: Ladle, R. J. & Whitta-
ker, R. J. (eds.) Conservation Biogeography. —
Wiley-Blackwell, Oxford, pp. 163—189.

Gadow, H. 1897. In Northern Spain. — Adam and
Charles Black, London

Gainzarain, J. A. 2006. Atlas de las aves invernantes
en Alava (2002-2005) [Atlas of wintering birds
in Alava (2002-2005)]. — Diputacién Foral de
Alava, Vitoria (in Spanish)

Galarza, A. 1996. Evolucion espacio-temporal de la
avifauna del Pais Vasco [Spatiotemporal evolu-
tion of the avifauna of the Basque Country]. —
Universidad del Pais Vasco, Bilbao (in Spanish)

Garcia-Fernandez, J., Alvarez, E. & Falagan, J. 2002.
El pico mediano en la provincia de Ledn: cam-
bios en la distribucion y tamafio poblacional [The
Middle-spotted Woodpecker in Ledn province:
changes in distribution and size population]. —
Ecologia 15: 335-342. (in Spanish with English
Summary)

Garcia-Fernandez, J. 2008. Pico mediano Dendroco-
pos medius [Middle-spotted Woodpecker]. — In:
Garcia-Fernandez, J., Ramos, L. A. & Vazquez,
X. (eds.) Atlas de las aves reproductoras de Leon
[Atlas of breeding birds of Leon]. — Diputacion de
Leon, Leon, pp. 157-158. (in Spanish)

Gonzalez, D., Roman, F., Fernandez, R. & Lobo, J.
L. 2006. Anuario ornitoldgico de la provincia de
Burgos [Ornithological yearbook of the province
of Burgos]. Vol. I. — Caja de Burgos, Burgos (in
Spanish)

Gorman, G. 2004. Woodpeckers of Europe. A study of
the European Picidae. — Bruce Coleman, London

Gorman, G. 2014. Woodpeckers of the world. The
complete guide. — Christopher Helm, London

Hampe, A. & Petit, R. 2005. Conserving biodiver-
sity under climate change: the rear edge mat-
ters. — Ecology Letters 8: 461-467. DOL:
10.1111/5.1461-0248.2005.00739.x

Issa, N. & Muller, Y. 2015. Atlas des oiseaux de
France métropolitaine: nidification et présence
hivernale [Atlas of birds in France: nesting and
winter presence]. — LPO/BirdLife & SEOF, Pa-
ris (in French)

Itsas Enara Ornithological Society 2015. Distribucion
del pico mediano en Gipuzkoa [Distribution of
the Middle-spotted Woodpecker in Gipuzkoa]. —
Unpublished report (in Spanish)

TUCN 2014. Guidelines for using the ITUCN red list
categories and criteria. Version 11. Standards
and Petitions Subcommittee. — http://www.iucn-
redlist.org. Downloaded on December 2015.

Lammertink, M. 2014. Trends in threat status and pri-
orities in conservation of the woodpeckers of the
world. — Acta Ornithologica 49: 207-219. DOI:
10.3161/173484714X687109

Lanius Ornithological Society, Itsas Enara Ornitho-
logical Society & Hontza Ornithological Society
1995. Los Picidae en la CAV [The Picidae in the
CAV (Basque Autunomous Community)]. — Un-
published report (in Spanish)

Maldonado, C., Martinez de Arano, I. & Quintana,
E. 2009. Caracterizacion del habitat de Dendro-
copos medius L. (pico mediano) en el marojal



J. M. Fernandez-Garcia 53

de Izki. Dinamica forestal y gestion tradicio-
nal [Habitat characterization of the Dendroco-
pos medius L. (Middle-spotted Woodpecker) in
the oak forest of Izki. Traditional forest dynamics
and management]. — 5" Spanish Forestry Confer-
ence, Spanish Society of Forestry Science, Avi-
la (in Spanish)

Michel, M. & Gil, L. 2013. La transformacion histori-
ca del paisaje forestal en la Comunidad Auténo-
ma de Euskadi [The historical transformation of
the forest landscape in the Basque Country]. —
Gobierno Vasco, Vitoria (in Spanish)

Noval, A. 1967. Estudio de la avifauna de Guipuzcoa
[Study of the avifauna of Guipuzcoa]. — Munibe
19: 5-78. (in Spanish)

Onrubia, A., Robles, H., Salas, M., Gonzalez-Quirés,
P. & Olea, P. 2003. Pico mediano Dendroco-
pos medius [Middle-spotted Woodpecker]. — In:
Marti, R. & Del Moral, J. C. (eds.) Atlas de las
aves reproductoras de Espafia [Atlas of breeding
birds of Spain]. — Ministerio de Medio Ambiente,
Madrid, pp. 358-359. (in Spanish)

Onrubia, A., Sdenz de Buruaga, M., Campos, M. A.
& Balmori, A. 2001. Estudio faunistico del Par-
que Natural de Izki (Alava) [Fauna study of the
Natural Park of Izki (Alava)]. — Unpublished re-
port (in Spanish)

Pasinelli, G. 2003. Middle-spotted Woodpecker
Dendrocopos medius. — BWP Update 5: 49-99.

Pasinelli, G. 2006. Population biology of European
woodpecker species: a review. — Annales Zoo-
logici Fennici 43: 96-111. DOI: 10.5167/uzh-
72663

Purroy, F. J. 1974. Fauna navarra en peligro de ex-
tincion [Endangered wildlife of the Navarra fau-
na]. — Ediciones y Libros, Pamplona (in Spanish)

Purroy, F. J., Alvarez, A. & Petterson, B. 1984. La
poblacion de pico mediano Dendrocopos medius
(L) de la Cordillera Cantabrica [The Cantabrian
population of Middle-spotted Woodpecker Dend-
rocopos medius (L)]. — Ardeola 31: 81-90. (in
Spanish with English Summary)

Rehm, E. M., Olivas, P., Stroud, J. & Feeley, K. J.
2015. Losing your edge: climate change and the
conservation value of range-edge populations.
— Ecology and Evolution 5: 4315-4326. DOI:
10.1002/ece3.1645

Reig, A. 2004. El descubrimiento del pico mediano en
Leon y algunas notas sobre su presencia histori-
ca en la Peninsula Ibérica [The discovery of the
Middle-spotted Woodpecker in Leon and some
notes on their historical presence in the Iberian
Peninsula]. — Argutorio 12: 37-39. (in Spanish)

Robles, H. & Ciudad, C. 2012. Influence of ha-
bitat quality, population size, patch size and

connectivity on patch-occupancy dynamics of
the Middle-spotted Woodpecker. — Conserva-
tion Biology 26: 284-293. DOI: 10.1111/j.1523-
1739.2011.01816.x

Robles, C., Ciudad, C., Vera, R., Olea, P. & Matthy-
sen, E. 2008. Demographic responses of Middle-
spotted Woodpeckers (Dendrocopos medius) to
habitat fragmentation. — The Auk 125: 131-139.
DOI: 10.1525/auk.2008.125.1.131

Robles, H. & Olea, P. 2003. Distribucion y abundan-
cia del pico mediano Dendrocopos medius en
una poblacion meridional de la Cordillera Can-
tabrica [Distribution and abundance of Middle-
spotted Woodpecker Dendrocopos medius in a
southern population of the Cantabrian Moun-
tains]. — Ardeola 50: 275-280. (in Spanish with
English Summary)

Salas, M. A., Ferrer, X. & Rovira, J. V. 2005. Dis-
tribucion del pico mediano en la Peninsula Ibéri-
ca. Revision historica critica (siglos XIX y XX)
[Distribution of Middle-spotted Woodpecker at
the Iberian Peninsula. Historical critical review
(XIX and XX centuries)]. — Observatorio Medio-
ambiental 8: 175-195. (in Spanish with English
Summary)

Sansinenea, P. 1908. Catalogo descriptivo de la colec-
cion de aves € insectos legados 4 la Excma [De-
scriptive catalog of the collection of birds and in-
sects legacies to Her Excellency]. — Diputacion
de Guipuzcoa por el finado D. Angel Larrinua
(g.e.p.d.). Imprenta de la Provincia, San Sebas-
tidn (in Spanish)

Saunders, H. 1884. Notes on the birds of the Pyrenees.
— Ibis 26: 365-392.

Sanchez, T., Gonzalez-Quirds, P. & Vazquez, V. M.
2009. El pico mediano (Dendrocopos medius),
el pico menor (Dendrocopos minor) y el pica-
maderos negro (Dryocopus martius), (Picidae,
Aves), en el Principado de Asturias (Espafia) [The
Middle-spotted Woodpecker (Dendrocopos me-
dius), the Lesser-spotted Woodpecker (Dendro-
copos minor) and the Black Woodpecker (Dryo-
copus martius), (Picidae, Aves), in the Principado
de Asturias (Spain)]. — Boletin de Ciencias Natu-
rales del Real Instituto de Estudios Asturianos 50:
281-302. (in Spanish with English Summary)

Spiihler, L., Kriisi, B. O. & Pasinelli, G. 2015. Do
oaks Quercus spp., dead wood and fruiting com-
mon ivy Hedera helix affect habitat selection
of the Middle-spotted Woodpecker Dendroco-
pos medius? — Bird Study 62: 115-119. DOLI:
10.1080/00063657.2014.953032

Telleria, J. L. 2004. Francisco Bernis y la ornitologia
espaiola [Francisco Bernis and the Spanish Orni-
thology]. — In: Telleria, J. L. (ed.) La Ornitologia



54 ORNIS HUNGARICA 2016. 24(1)

hoy [Ornithology today]. — Universidad Complu-
tense, Madrid, pp. 3—18. (in Spanish with Eng-
lish Summary)

Ticehurst, C. B. & Whistler, H. 1925. A contribution
to the ornithology of Navarre, Northern Spain.
— Ibis 67(2): 443-460. DOI: 10.1111/j.1474-
919X.1925.tb02932.x

Unanue, A., Salvador, M. & Auzmendi, G. 2010. Es-
tudio del pico mediano (Dendrocopos medius)
en el entorno de los Montes de Vitoria, Munici-
pio de Vitoria-Gasteiz [Study of the Middle-spot-
ted Woodpecker (Dendrocopos medius) in the

vicinity of the Montes de Vitoria, Vitoria-Gasteiz
Municipality]. — Unpublished report (in Spanish)

Unanue, A., Salvador, M., De la Hera, I. & Auzmen-
di, G. 2014. Current status of the Middle-spot-
ted Woodpecker Dendrocopos medius in Araba
(Basque Country). — In: Fernandez-Garcia, J. M.,
Pasinelli, G., Robles, H. & Rubines, J. (eds.) 7" In-
ternational Woodpecker Conference. Book of Ab-
stracts, Diputacion Foral de Alava, Vitoria, p. 53.

Witherby, H. F. 1922. Dryobates medius lilianae,
subsp. nov. — Bulletin British Ornithologists
Club 42: 49.



Ornis Hungarica 2016. 24(1): 55-68. LIl DECRUYTER

DOI: 10.1515/0rhu-2016-0003 G

Life history trait differences in isolated
populations of the endangered Red-cockaded
Woodpecker

Lacey WiLLiaMSON! %", Victoria GArcia®-? & Jeffrey R. WALTERS!

Received: January 26, 2016 — Accepted: March 25, 2016

Lacey Williamson, Victoria Garcia & Jeffrey R. Walters 2016. Life history trait differen-
ces in isolated populations of the endangered Red-cockaded Woodpecker. — Ornis Hungari-
ca 24(1): 55-68.

Abstract Changes in life history traits can reveal adaptations to changing environments.
Red-cockaded Woodpeckers (Picoides borealis) are cooperative breeders that have specific reproductive habi-
tat needs. We examined three separate sites in the southeastern United States to see how life history traits differed
among isolated populations of Red-cockaded Woodpeckers from 1980 to 2013. We examined the life history traits
group size, partial brood loss, number of fledglings, lay date, clutch size, and lifespan. Traits differed among sites,
suggesting that populations were adapted to local conditions and different life history trade-offs were important
under different environmental conditions at each site. At the two coastal sites in Florida and North Carolina, the
family group sizes, lifespans, and partial brood loss were higher when compared to the inland site in North Caro-
lina. Clutch size and number fledged were higher at the two northernmost sites when compared to the southern
site. Identifying the differences in life history traits can allow more specific and effective management practices.

Keywords: clutch size, cooperative breeder, endangered, lay date, life history, Red-cockaded Woodpecker

Osszefoglalas Az életmenet jellemzok valtozasai a kornyezethez vald adaptaciét mutathatnak. A kooperativan
kolté kokéardas harkaly (Picoides borealis) él6hely-specialista faj. Az Amerikai Egyesiilt Allamok délkeleti ré-
szén, harom teriileten vizsgaltuk, hogy az életmenet bizonyos elemei kiilonboznek-e a vizsgalt faj izolalt popu-
lacioi kozott. Az adatokat 1980-2013-ig gyiijtottiik. Az életmenet kovetkez6 szegmenseit vizsgaltuk: csoportmé-
ret, részleges fészekalj-veszteség, a kirepiilo fiatalok szama, a tojasrakas datuma, fészekalj méret és az élettartam.
A felsorolt valtozok teriiletenként eltéréseket mutattak, sugallva, hogy az egyes populaciok adaptalodtak a helyi
viszonyokhoz, illetve, hogy az egyes életmenet szegmensek kiilonbozé stllyal eshetnek latba az egyes teriilete-
ken. A két tengerparti teriileten, Floridiban és Eszak-Karolinaban a csoport mérete, az egyedek élethossza és a
részleges fészekalj vesztesége magasabb volt a kontinentalis észak-karolinai teriilethez képest. A fészekalj mé-
rete és a kirepiilt fiatalok szama ezzel szemben magasabb volt a két északi populacio esetében. Az életmenet jel-
lemzdk populaciok kozotti kiilonbségeinek felderitése lehetévé teszi specifikusabb, effektivebb természetvédel-
mi kezelések alkalmazasat.
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Introduction

Life history strategies directly affect individual fitness. Examples of key life history traits in-
clude clutch size, lifespan, and age at first reproduction (Stearns 1976). Variation in life his-
tory traits, such as clutch size, can be determined by factors such as resource availability and
environment (Lack 1947). Associations, often negative, between life history traits are referred
to as life history trade-offs (Zera & Harshman 2001). Different life history trade-offs and trait
values are selected for in different environments (Linden & Meller 1989) even within a single
species. For example, life history strategies can vary over elevational gradients within spe-
cies (Bears et al. 2009). The combination of life history trade-offs should result in the highest
fitness for individuals under those conditions (Badyaev & Ghalambor 2001), and these indi-
viduals will be better represented than their conspecifics in future generations (Stearns 1976).
Therefore, examining life history traits is important both because life history theory is a major
branch in ecology and because it can assist in conservation and management efforts.

This study investigated life history trait differences among three populations of endan-
gered Red-cockaded Woodpeckers (Picoides borealis) for which extensive long-term data
were available. In the past decade, the majority of studies on Red-cockaded Woodpeckers
focused on habitat requirements and preferences over just a few years. Demographic infor-
mation obtained from studies conducted over longer periods of time can be beneficial for
identifying life history traits that should be targeted for management. Since 1980 (Walters
et al. 1988), we have monitored three fragmented populations of Red-cockaded Woodpeck-
ers that occur in different locations. These three populations have been managed separate-
ly and comparisons among them could reveal differences that can be used to improve site-
specific management techniques. Red-cockaded Woodpeckers occur in isolated populations
and face different quality habitats, climates, and management regimes. Better management
can be achieved by focusing on the different life history strategies and trade-offs utilized at
these fragmented sites. Therefore, assessment of life history traits is essential to understand-
ing how different management techniques are affecting populations.

Methods

Study species

Red-cockaded Woodpeckers are cooperative breeders, with 0—4 helpers assisting a single,
monogamous breeding pair in defending territories, raising young, and excavating new
cavities (Lennartz et al. 1987). Most helpers are male offspring from previous breeding
seasons, but female offspring and unrelated helpers of both sexes also occur (Walters et al.
1988). Red-cockaded Woodpeckers are non-migratory and family groups defend their terri-
tories year round. They are a medium-sized woodpecker that eats mostly invertebrates, and
clutch sizes vary from 2-5 eggs.

Red-cockaded Woodpeckers inhabit mature, open pine stands throughout the southeast-
ern United States (Schaefer et al. 2004). Due to the reduced use of fire and the cutting of
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old-growth pine forests in the Southeast, the range and numbers of Red-cockaded Wood-
pecker have declined (Schaefer et al. 2004). Management of Red-cockaded Woodpeckers
has focused on improvement of habitat quality to encourage continued use of territories
and addition of new territories. Territories are defended areas that contain a woodpecker
family group’s activities and its borders may be determined by habitat edges or by other
woodpecker groups (Ligon 1970). Each territory contains a set of actively used and de-
fended cavity trees termed the cavity tree cluster (Walters ef al. 1988, Walters ef al. 1992).
Red-cockaded Woodpeckers are unique in excavating their cavities exclusively in living
pine trees. The presence of high quality cavities has been shown to be a critical component
of territory quality (Walters et al. 1992), presumably due to the difficulty and inordinate
length of time required to excavate cavities in living pines (James et al. 1997, Harding &
Walters 2004). Accordingly, artificial cavities have been used to maintain (i.e. prevent terri-
tory abandonment) and improve (i.e. convert unsuitable habitat to suitable habitat) territo-
ries (Walters 1991) with great success.

Study Areas

In this study, we used long-term demographic data from three isolated study sites: an in-
land site in the longleaf pine (Pinus palustris) forests of the North Carolina Sandhills (SH),
a coastal site of longleaf and loblolly pine (Pinus tueda) at Marine Corps Base Camp Le-
jeune, NC (MCBCL), and a Gulf Coast Florida panhandle site at Eglin Air Force Base, Flo-
rida (EAFB) with extensive longleaf pine sandhills habitat (Map 1). Detailed descriptions
of the study areas and habitat can be found as follows: North Carolina Sandhills (Carter et
al. 1983, Walters et al. 1988); North Carolina Coastal Plain (Walters ef al. 1995, Zwicker &
Walters 1999) and Eglin Air Force Base (Blanc & Walters 2008).

The inland site (Sandhills, NC) was once dominated by fire-dependent species such as
longleaf pines. The other forests are mixed pine and have varying amounts of understory
and midstory (Trainor ef al. 2013). Data were collected during the breeding seasons (April-
June) from 1980 to 2013.

Field methods

The demographic data were obtained by monitoring color-marked birds at each site for up to
32 years: coastal Marine Corps Base Camp Lejeune (1986-2011), inland Sandhills (1980-
2011), and coastal Eglin Air Force Base (1993-2013). For a detailed description of how da-
ta were collected, refer to Walters et al. (1988).

Briefly, each year, members of each territory and unaffiliated birds were individually iden-
tified by color band combinations and their status (i.e. breeder, helper, floater) was deter-
mined (Letcher e al. 1998). All active cavities within a cluster were marked and checked
repeatedly during the breeding season for signs of nesting, to age nestlings for banding, and
to identify fledglings (Walters et al. 1988). Reproduction was monitored by identifying and
counting banded and fledged young in each territory.
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Map 1.  Map of the southeastern United States showing the three Red-cockaded Woodpecker study
sites: Sandhills (SH), Marine Corps Base Camp Lejeune (MCBCL), Eglin Air Force Base (EAFB)

1. térkép Az Amerikai Egyesiilt Allamok délkeleti részének térképe a vizsgalt teriiletekkel: homok-
dombok (SH), Lejeune haditengerészeti bazis (MCBCL), Eglin légier6 bazis (EAFB)

Statistical analyses

We used Generalized Linear Mixed Models (GLMM), Generalized Linear Models (GLM), and
Linear Mixed Models (package Ime4) (Bates ef al. 2015) in program R (R Core Team 2014) to
compare traits among sites. The life history traits that we examined were group size, lifespan,
number of fledglings, clutch size, lay date, and brood loss (eggs laid — eggs hatched). To exa-
mine lifespan, we only included birds that survived the first year and hatched before 2001, as
only 0.7% (13/1891) of birds hatched before 2001 were still alive in 2013. For lay date, on-
ly the first nesting attempt was used. Red-cockaded Woodpeckers typically only re-nest after
nest failure. The Eglin Air Force Base data set lacked information on lay date due to differen-
ces in monitoring protocols, and was therefore not included in the analysis. Group size inclu-
ded the breeding pair and adult helpers. Except for lifespan, each response variable was treated
as a feature of the group, not of the breeders. Therefore, only one observation per territory was
included in the analyses. For each dependent variable, we included the variable Site (Sandhills,
Marine Corps Base Camp Lejeune, or Eglin Air Forde Base) to examine differences between
study sites. We also included other possible predictor variables (covariates) that could explain
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variation in life history traits in each model as appropriate. The covariates were group size (but
not when group size was the response variable), sex, age, and mate’s age. We also included the
following random effects: individual identity of the male territory holder, territory and micro-
site. Microsites were groups of territories that were geographically near each other within each
study area. We included different random factors in each analysis depending on how the data
were structured and which random factors explained >0 variance. To limit the number of pos-
sible models and to avoid problems with model convergence, we did not examine interactions
in this analysis (Hoyt & Hannon 2002, Montague-Drake et al. 2009). We used a Poisson distri-
bution with a log link for group size, lifespan, number of fledglings, clutch size, and brood loss.
We used a Gaussian distribution with an identity link for lay date. We used Akaike’s Informa-
tion Criterion for small sample sizes (AICc) to compare models and to determine if life history
traits differed among sites (Burnham & Anderson 2002, Anderson 2008). We used maximum
likelihood estimation for the AIC analyses, but estimates were based on restricted maximum
likelihood estimation. We tested saturated GLMMs and GLMs for overdispersion by examin-
ing the ratio of the deviance to residual degrees of freedom, but the ratios were <1, indicating
the data were not overdispersed. All reported estimates and graphs are predicted values for each
site from the highest-ranked model and 95% confidence intervals.

Results

Overall, there were 41,396 total observations and 4,514 individual birds. Marine Corps Base
Camp Lejeune (coastal site) had the lowest number of birds with 6,754 total observations for
565 individual birds. At Eglin Air Force Base (coastal site), there were 835 individual birds
and 2,508 observations. The Sandhills site (inland site) was studied for the most years and
had 3,114 individual birds and 32,134 total observations.

Group sizes were larger in the two coastal sites (MCBCL 2.88 adults, 95% CI: 2.79-2.97;
EAFB 2.81 adults, 95% CI: 2.66-2.98) than at the inland site (SH 2.64 adults, 95% CI: 2.61-
2.68) (Table 1, Figure 1). However, variance at the Eglin site was quite high, with large con-
fidence intervals. Lifespan was longest at Marine Corps Base Camp Lejeune (6.02 years,
95% CI: 5.72-6.33) and was shorter in the inland Sandhills population (4.63 years, 95% CI:
4.52-4.74) (Table 2, Figure 2). The Florida population (Eglin Air Force Base) fell in be-
tween with a lifespan of 5.21 (95% CI: 4.30-6.32) years.

Clutch size was significantly larger in the two northern populations (MCBCL 3.41 eggs, 95%
CI: 3.29-3.53; SH 3.31, 95% CI: 3.26-3.37) than in the more southern Florida population (EAFB;
2.99, 95% CI: 2.76-3.23) (Table 3, Figure 3). Fledgling production was also significantly high-
er in the northern populations (SH 1.79 fledglings per breeding male, 95% CI: 1.75-1.83; MCB-
CL1.66,95% CI: 1.58-1.75), compared to the Florida population at Eglin Air Force Base (1.25,
95% CI: 1.10-1.41) (Table 4, Figure 4). Lay dates were earlier in the inland Sandhills population
(Julian date 118, 95% CI: 117-120) than the coastal Marine Corps Base Camp Lejeune popula-
tion (125, 95% CI: 122-128) (Table 5, Figure 5). The coastal sites experienced more brood loss
(MCBCL 1.38 eggs lost, 95% CI: 1.31-1.45; EAFB 1.38 eggs lost, 95% CI: 1.26-1.51) than the
inland Sandhills population (1.12 eggs lost, 95% CI: 1.09-1.14) (Table 6, Figure 6).
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Model (Group Size) AlCc Delta_AlCc LL Cum.Wt
Site + Territory 4 2390.116 0 -1191.06 0.999999
Territory 2418.464 28.347 -1207.23 1
Table 1.  Comparison of models examining whether group size differs between study sites in

Red-cockaded Woodpeckers (n=9,620). Territory was treated as a random factor. LL is the

log likelihood, Cum. Wt is the cumulative Akaike weight of each model

1. tdbldzat Az egyes vizsgalati terlileteken régzitett csoportméreteket vizsgalé modellek 6sszeha-
sonlitasa a kokardas harkalynal (n=9620). A territérium random faktorként volt kezelve.
Az LL log likelihood-ot jelent, a Cum. Wt pedig az egyes modellek Akaike (AIC, Akaike in-
formdciods kritérium) sulyat jelenti
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Figure 1. Group sizes (number of adults) were larger at the two coastal sites (Marine Corps Base Camp
Lejeune and Eglin Air Force Base) when compared to the inland site (Sandhills). Estimates
are predicted values from the highest ranked model with 95% confidence intervals

1.dbra

A csoportméret (adult egyedek szdma) a két tengerparti teriileten nagyobb volt (Lejeune

haditengerészeti bazis és Eglin légier6 bazis), 6sszehasonlitva a kontinentalis vizsgalati teri-
lettel (homokdombok). A becslések a lejobbnak értékelt modellbdl prediktalt értékek, 95%-
os konfidencia intervallumokkal. A vizszintes tengelyen olvashaték az egyes mintateriletek:
Eglin |égierd bézis (EAFB), Lejeune haditengerészeti bazis (MCBCL), homokdombok (SH)
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Model (Lifespan) K AlCc Delta_AlCc LL Cum.Wt
Site + Mean Group Size + Sex 5 8579.668 0 -4284.82 1
Mean Group Size + Sex 3 8658.296 78.628 -4326.14 1
Site + Mean Group Size 4 9136.866 557.198 -4564.42 1
Mean Group Size 2 9228.221 648.552 -4612.11 1
Site + Sex 4 9286.221 706.553 -4639.10 1
Site 3 9856.622 1276.954 -4925.30 1
Sex 2 9881.042 1301.374 -4938.52 1
1 1 10447.000 1867.333 -5222.50 1

Table2.  Comparison of models examining factors that affect Red-cockaded Woodpecker lifespan
(n=2,583). All factors were fixed. LL is the log likelihood, Cum. Wt is the cumulative Akai-

ke weight of each model

2. tabldzat A kokardas harkaly élettartamat (n=2583) befolyasolo faktorokat vizsgalé modellek 6sz-
szehasonlitdsa. Minden faktor fix volt. Az LL log likelihood-ot jelent, a Cum. Wt pedig az
egyes modellek Akaike (AIC, Akaike informacids kritérium) sulyat jelenti
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Figure 2. Lifespan was longest at Marine Corps Base Camp Lejeune, and shortest at the inland study
site (Sandbhills). Estimates are predicted values from the highest ranked model with 95%

confidence intervals

2.dbra Az egyedek élettartama a Lejeune haditengerészeti bazis teriiletén volt a leghosszabb, a
legrévidebb pedig a kontinentalis terlileten (homokdombok). A becslések a lejobbnak ér-
tékelt modellbél prediktalt értékek, 95%-o0s konfidencia intervallumokkal. A vizszintes ten-
gelyen olvashatok az egyes mintateriletek: Eglin 1égieré bazis (EAFB), Lejeune haditenge-
részeti bazis (MCBCL), homokdombok (SH)
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Model (Clutch size) K AlCc Delta_AlCc LL Cum.Wt
Site + Group Size + Age + Bird ID 6 1018.886 0 -503.44 0.916027
Group Size + Age + Bird ID 4 1023.925 5.039 -507.96 0.989784
Site + Age + Bird ID 5 1027.999 9.113 -508.99 0.999401
Age + Bird ID 3 1033.551 14.665 -513.77 1
Site + Group Size + Bird ID 5 1053.968 35.081 -521.98 1
Group Size + Bird ID 3 1059.220 40.334 -526.61 1
Site + Bird ID 4 1070.644 51.758 -531.32 1
Bird ID 2 1076.509 57.623 -536.25 1

Table3.  Comparison of models examining factors that affect Red-cockaded Woodpecker clutch
size (n=5,428). Individual bird identity (Bird ID) was included as a random factor. LL is the
log likelihood, Cum. Wt is the cumulative Akaike weight of each model

3.tdbldzat A kokardas harkaly fészekaljméretét (n=5428) befolydsold faktorokat vizsgaléo modellek
osszehasonlitasa. A madarak egyéni azonositoja (Bird ID) random faktorként volt kezelve.
Az LL log likelihood-ot jelent, a Cum. Wt pedig az egyes modellek Akaike (AIC, Akaike in-
formacios kritérium) sulyat jelenti
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Figure 3. The number of eggs (clutch size) was larger at the two northernmost sites (coastal Marine
Corps Base Camp Lejeune and the inland Sandhills site) compared to Eglin Air Force Base
in coastal Florida. Estimates are predicted values from the highest ranked model with 95%
confidence intervals

3.dbra A tojasok szama (fészekaljméret) a két északi mintateriileten (Lejeune haditengerésze-
ti bazis és homokdombok) nagyobb volt az Eglin [égier6é bazisnal tapasztaltakhoz képest.
A becslések a lejobbnak értékelt modellbdl prediktalt értékek, 95%-os konfidencia inter-
vallumokkal. A vizszintes tengelyen olvashatok az egyes mintateriiletek: Eglin 1égieré bazis
(EAFB), Lejeune haditengerészeti bazis (MCBCL), homokdombok (SH)
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Model (Fledglings) K AlCc Delta_AlCc LL Cum.Wt
Site + Group Size + Age + Bird ID 6 4885.538 0 -2436.76 1
Group Size + Age + Bird ID 4 4924.064 38.525 -2458.03 1
Site + Group Size + Bird ID 5 5048.455 162.917 -2519.22 1
Site + Age + Bird ID 5 5061.142 175.604 -2525.57 1
Age + Bird ID 3 5089.991 204.453 -2541.99 1
Group Size + Bird ID 3 5090.812 205.273 -2542.40 1
Site + Bird ID 4 5280.114 394.576 -2636.05 1
Bird ID 2 5307.040 421.501 -2651.52 1

Table4.  Comparison of models examining factors that affect the number of fledglings produced
in Red-cockaded Woodpeckers (n=5,428). Individual bird identity (Bird ID) was included
as a random factor. LL is the log likelihood, Cum. Wt is the cumulative Akaike weight of
each model

4. tabldzat A kokardas harkaly kirepUlési szamat (n=5428) befolyasolo faktorokat vizsgalé modellek
Osszehasonlitasa. A madarak egyedi azonositoja (Bird ID) random faktorként volt kezelve.
Az LL log likelihood-ot jelent, a Cum. Wt pedig az egyes modellek Akaike (AIC, Akaike in-
formacios kritérium) sulyat jelenti
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Figure 4. The mean number of fledglings was larger at the two northernmost sites (coastal Marine
Corps Base Camp Lejeune and the inland Sandhills study site) compared to the coastal site
in Florida (Eglin Air Force Base). Estimates are predicted values from the highest ranked
model with 95% confidence intervals

4.dbra A kirepllt egyedek dtlagos szama magasabb volt a két északi mintaterileten (Lejeune ha-
ditengerészeti bazis és homokdombok). A becslések a lejobbnak értékelt modellbél pre-
diktalt értékek, 95%-os konfidencia intervallumokkal. A vizszintes tengelyen olvashatok az
egyes mintateriletek: Eglin Iégier6é bazis (EAFB), Lejeune haditengerészeti bazis (MCBCL),
homokdombok (SH)
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Model (Lay Date) K AlCc Delta_AlCc LL Cum.Wt

Site + Age + Mate’s Age + Microsite 5 2440.191 0 | -1215.09 | 0.891347
Age + Mate’s Age + Microsite 4 2444.400 4.209 -1218.19 1
Site + Mate’s Age + Microsite 4 2809.978 369.787 -1400.98 1
Mate’s Age + Microsite 3 2813.886 373.695 -1403.94 1
Site + Age + Microsite 4 3407.092 966.901 -1699.54 1
Age + Microsite 3 3410.560 970.369 -1702.28 1
Microsite 2 4045.547 1605.356 -2020.77 1
Site + Microsite 3 4042.444 1602.253 -2018.22 1

Table5.  Comparison of models examining factors that affect Red-cockaded Woodpecker lay date
(n=5,215). Microsite (geographic location within each study site) was included as a ran-
dom factor. LL is the log likelihood, Cum. Wt is the cumulative Akaike weight of each
model

5.tdbldzat A kokérdas harkaly tojasrakasi datumat (n=5215) befolyédsold faktorokat vizsgaléo model-
lek 6sszehasonlitasa. A vizsgalati teriileten belili pozicié (Microsite) random faktorként
volt kezelve. Az LL log likelihood-ot jelent, a Cum. Wt pedig az egyes modellek Akaike
(AIC, Akaike informacids kritérium) sulyét jelenti
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Figure 5. Lay dates were larger (later) at coastal Marine Corps Base Camp Lejeune when compared
to the inland study site (Sandhills). Estimates are predicted values from the highest ranked
model with 95% confidence intervals

5.dbra A tojasrakas késébbre esett a Lejeune haditengerészeti bazison a homokdombokhoz ké-
pest. A becslések a lejobbnak értékelt modellbdl prediktalt értékek, 95%-o0s konfidencia in-
tervallumokkal. A vizszintes tengelyen olvashaték az egyes mintatertletek: Lejeune hadi-
tengerészeti bazis (MCBCL), homokdombok (SH)
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Model (Brood loss)| K AlCc Delta_AlCc LL Cum.Wt
Site + Territory 4 5635.964 0 -2813.98 1
Territory 2 5692.196 56.232 -2844.10 1

Table6.  Comparison of models examining factors that affect Red-cockaded Woodpecker brood
loss (n=7,793). Territory was treated as a random factor. LL is the log likelihood, Cum. Wt
is the cumulative Akaike weight of each model

6.tdbldzat A kokérdas harkély fészekalj-veszteségét (n=7793) befolyasold faktorokat vizsgalé mo-
dellek 6sszehasonlitasa. A territérium (territory) random faktorként volt kezelve. Az LL log
likelihood-ot jelent, a Cum. Wt pedig az egyes modellek Akaike (AIC, Akaike informacids
kritérium) sulyat jelenti
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Figure 6. The amount of brood loss was lower at the inland study site (Sandhills) when compared to
the two coastal sites (Marine Corps Base Camp Lejeune and Eglin Air Force Base). Estimates
are predicted values from the highest ranked model with 95% confidence intervals

6.dbra A fészekalj-veszteség a homokdombok elnevezés( vizsgalati teriileten alacsonyabb volt a
masik két mintateriilethez képest. A becslések a lejobbnak értékelt modellbél prediktalt
értékek, 95%-os konfidencia intervallumokkal. A vizszintes tengelyen olvashatdk az egyes
mintateriletek: Eglin Iégierd bazis (EAFB), Lejeune haditengerészeti bazis (MCBCL), homok-
dombok (SH)
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Discussion

Among the three Red-cockaded Woodpecker populations studied, there was ample evidence
of life history variation suggesting adaptation to different conditions. The coastal popula-
tions had larger group sizes and longer lifespans compared to the inland Sandhills site, sug-
gesting that survival is better in coastal areas than at inland sites. Group size for Red-cocka-
ded Woodpeckers has been found to be positively correlated with fledging success (Conner
et al. 2004), but the coastal populations experienced high brood loss despite having the lar-
gest group sizes. This could indicate that reproduction is more limited by highly variable en-
vironmental factors in coastal areas. An increase in parental care is thought to occur in order
to prevent reduced survival of offspring due to adverse environmental conditions (Clut-
ton-Brock 1991). This limitation on the number of young that survive could be a direct fac-
tor of inclement weather or due to the parents and helpers not being able to exert enough ef-
fort to properly feed and care for fledglings so that they all thrive. For example, this could
be a matter of reproductive investment, with effort being limited such that fewer young sur-
vive when conditions are poorer (i.e. the same effort results in less food brought to the nest
under poor conditions). Coastal storms can form from hurricanes, wave developments, de-
pressions, and severe local storms, with the most severe damage coming from hurricanes.
The southern states may experience fewer storms than the northern states, but the intensity
of storms in the southern states is greater (Mather et al. 1964). Engstrom and Evans (1990)
reported a 25% mortality in cavity trees during a hurricane year and this mortality rate was
expected to be at least an order of magnitude greater than in a year in which a hurricane
did not occur. Reduction of available cavities and increase in competition for cavities could
force Red-cockaded Woodpeckers to roost outside of cavities and increase exposure to wea-
ther and predators, therefore weakening them or increasing chances of mortality (Engstrom
& Evans 1990). The late lay date and high brood loss even with a large number of helpers
could indicate that environmental factors, such as the highly variable coastal weather at Ma-
rine Corps Base Camp Lejeune, limited the number of nestlings that survived to fledging.
The southern, coastal Florida population at Eglin Air Force Base differed from the two nor-
thern populations in exhibiting lower clutch sizes and number of young fledged. The two north-
ern populations were similar in these respects, suggesting a north-south gradient, in addition
to the coastal-inland gradient discussed above, one that specifically impacts productivity. This
suggests a geographic gradient in availability of resources as low food availability favors a
smaller clutch and brood sizes (Ricklefs 1980, Badyaev & Ghalambor 2001). Lower food avail-
ability may be due to decreased seasonality from north to south (Ricklefs 1980). Eglin Air
Force Base contains more old growth forest compared to the other sites (Varner & Kush 2004),
suggesting that poor habitat is not responsible for this pattern. However, Eglin Air Force Base
is known to be a low productivity site in terms of forestry metrics, so this likely is a factor
(Provencher et al. 2001). Nevertheless, we cannot draw firm conclusions about how latitudinal
gradients affect Red-cockaded Woodpecker traits given the limited number of sites in our study.
Lay dates were earlier in the Sandhills site compared to Marine Corps Base Camp Le-
jeune, which suggests differences in spring arrival between inland and coastal areas, as
has been found elsewhere (Nilsson & Kéllander 2006). Group sizes were the smallest and
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lifespans were shortest at the inland site (Sandhills), which may indicate that there is in-
creased predation on adults or otherwise harsher conditions away from the coast.

These three sites in the southeastern United States have shown how different the needs of
isolated populations can be within a species. To effectively manage populations, each site
would benefit from conducting a study about the specific life history trade-offs a population
employs. Knowing and monitoring life history traits for these managed populations can allow
management efforts to be assessed by how they affect traits, or managers can focus on improv-
ing certain traits. For example, number of adults per group is associated with territory quality
(Heppell et al. 1994, Conner et al. 2001, McKellar et al. 2014) and may be used as a secondary
measure of quality, along with habitat data. Additionally, adding new territories and cavities
can temporarily decrease group sizes as helpers move to the new territories (Walters 1991), so
keeping track of group sizes can help managers assess the need for new territories. Many stu-
dies monitor reproductive traits such as clutch size or number fledged, and these traits can help
explain population dynamics and be indicators of overall population health.
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Abstract Nest care is an important parental contribution to offspring. In woodpeckers, males
often have an equal or greater contribution to parental care, including nest sanitation. The Black-backed Wood-
pecker (Picoides arcticus) is a North American boreal woodpecker for which both parents are highly involved in
parental care. By modifying their territory size in optimal and suboptimal habitat (e.g. burned vs unburned ha-
bitats), this species seems to have a large tolerance to variation in prey abundance at a landscape scale, and could
provide a useful biological model to investigate the adaptability of parent care, particularly to relative contribu-
tion of each sex. We investigated sex- and habitat-specific parental care behaviour of Black-backed Woodpeckers
at 9 nests by daily monitoring during the nestling period. Specifically, we examined two different aspects of pa-
rental care: 1) time spent at the nest, and 2) food delivery. We also compared relative contribution between sexes
to nest sanitation. Despite our small sample sizes, our results show that males are more involved in nest sanitation
and spend longer at the nest, and both sexes exhibit higher food delivery rates and spend less time at the nest in
burned habitat. This latter result may suggest that greater effort is needed to provision Black-backed Woodpecker
nestlings in unburned habitat compared to burned habitat.

Keywords: food delivery, nest sanitation, parental provisioning, Picoides arcticus, woodpecker

Osszefoglalas Az utédgondozas fontos sziil6i tevékenység. A harkalyokndl a himek sziildi raforditasa gyakran
egyenlé mértékli vagy nagyobb a tojokéhoz képest. Ennek egy fontos eleme az odu tisztantartasa. Az észak-ame-
rikai, borealis elterjedésii harkalyfaj, a feketehatt hocsik (Picoides arcticus) esetében mindkét sziild nagy arany-
ban részt vesz az utddgondozasban. A revirek mérete valtozhat annak fiiggvényében, hogy az adott éléhely op-
timalis vagy szuboptimalis-e (pl. leégett vagy le nem égett él6hely). Ugy tiinik, hogy a vizsgalt faj jol toleralja a
prédafajok abundanciajanak tajléptéki variabilitasat. Jo biologiai modellként szolgalhat az utddgondozas adapti-
bilitasanak vizsgalatahoz, foként az egyes ivarok raforditasi aranyat tekintve. Naponta monitoroztuk a faj ivar- és
¢élohelyspecifikus utddgondozasi viselkedését 9 fészek esetében a fiokanevelés idészakaban. Két aspektust vizs-
galtunk: 1) a fészeknél toltott id6t és 2) a taplalekellatas gyakorisagat. Ezek mellett dsszehasonlitottuk az ivarok
relativ hozzajarulasat is az odu tisztantartasahoz. A kis mintaszam ellenére eredményeink megmutatjak, hogy a hi-
mek nagyobb részt vallalnak az odu tisztantartasaban, illetve tobb id6t toltenek az odunal, mint a tojok. Mindkét
ivar nagyobb mennyiségii taplalékot hord az oduiba, és kevesebb idot tolt a fészeknél a leégett él6helyen. Az utob-
bi eredménybdl arra kovetkeztethetiink, hogy a le nem égett ¢l6helyen nagyobb mértékii sziil6i raforditas sziiksé-
ges a feketehata hdcsikektol a leégett él6helyhez képest.

Kulesszavak: etetés, fészektisztitas, sziiloi gondoskodas, Picoides arcticus, harkaly
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Introduction

Reproductive strategies in birds are globally dichotomous (Ricklefs 1983). Birds with pre-
cocial strategies produce young able to walk, thermoregulate and find their food rapidly
(Ricklefs 1983). This strategy requires the production of eggs containing sufficient resour-
ces for a longer period of development (Gill 2007), and in many cases, only one parent is in-
volved in parental care (Emlen & Oring 1977, Oring 1986). At the opposite end, an altricial
strategy produces naked young completely dependent on parents for food, thermoregulation
and sanitation (Ricklefs 1983). Eggs contain less resources which results in a shorter incu-
bation period (Gill 2007), but nestlings generally benefit from care by both parents (Lack
1968, Black 1996). For altricial birds generally, most species show greater contributions by
females (Clutton-Brock 1991), but in woodpeckers, males have an equal or greater contri-
bution to parental care (Wiktander et al. 2000, Michalek & Winkler 2001, Kozma & Kroll
2013) including nest sanitation (Chazarreta ef al. 2011), and nocturnal incubation, which is
generally rare in birds (Ligon 1993).

The Black-backed Woodpecker (Picoides arcticus) is a boreal woodpecker found exclu-
sively in North America, and produces altricial nestlings where both parents are highly in-
volved in parental care (Dixon & Saab 2001). Black-backed Woodpeckers feed by excavat-
ing almost exclusively on dying or recently dead coniferous trees (Tremblay et al. 2010,
Nappi et al. 2015) and eating predominantly wood-boring larvae of Cerambycidae (Mur-
phy & Lehnhausen 1998, Nappi & Drapeau 2009), but also Buprestidae, Curculionidae
(Scolytinae) and Tenebrionoidea larva (Ibarzabal et al. in prep.). Although Black-backed
Woodpeckers occur at high densities in recently burned forests (Hutto 1995, Murphy &
Lehnhausen 1998, Nappi & Drapeau 2009), they also occur at low densities in unburned fo-
rest stands, where they are mainly associated with mature or old-growth forests (Settering-
ton et al. 2000, Tremblay et al. 2009, 2015), or with forests damaged by insect outbreaks
(Goggans et al. 1989, Bonnot et al. 2008, Rota et al. 2014). Home-range sizes of breeding
Black-backed Woodpeckers vary considerably from 20 ha in burned habitats (Nappi & Dra-
peau 2009) to more than 150 ha in old, unburned coniferous forests (Tremblay et al. 2009).
The principal cause of this variation is prey density and Tremblay et al. (2009) showed that
Black-backed Woodpecker home range size increased with the distance between preferred
foraging habitat patches in unburned habitats. Furthermore, Tremblay et al. (2014) report
that the amount of old coniferous habitat positively influenced weight gain in Black-backed
Woodpecker nestlings.

Since this species seems to have a large tolerance to variation in prey abundance at the
landscape level (burned vs. unburned habitats), it could provide a good biological model to
investigate the adaptability in parent care, particularly to relative contribution of each sex.
It is likely that low resource availability has a greater impact on females since they need to
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produce eggs and thus, it is possible that male Black-backed Woodpeckers contribute more
to parental care in unburned than in burned habitats. In contrast, when food resources are
high, as in a recently burned habitat, females may have a greater ability to contribute equal-
ly to parental care.

Only a few studies exist on nestling care by Black-backed Woodpeckers and these tend to
report observations from individual nests (Kilham 1966, Short 1974, Kilham 1983). To the
best of our knowledge, this study is the first to address parental care by Black-backed Wood-
peckers in the context of habitat types that may support different food resource availability.
The main objective of this study is to provide insight into the influence of habitat and sex on
parental care by the Black-backed Woodpecker in eastern Canada, with a specific focus on
three different responses: 1) time spent at the nest, 2) food delivery and 3) nest sanitation.

Material and Methods

Study area

We conducted field work from June 14 to 22", 2006 in Québec, eastern Canada (Figure 1).
The study area was located within the black spruce (Picea mariana) moss forest of the Ca-
nadian boreal forest ecological domain (Saucier et al. 1998). Forest stands were composed
mainly of black spruce, or black spruce mixed with jack pine (Pinus banksiana), balsam fir
(Abies balsamea), white birch (Betula papyrifera), aspen (Populus tremuloides) and occa-
sionally, tamarack (Larix laricina). The topography is undulating and wildfire is the major
natural perturbation. Forest management began at the end of the 1990s and created a mosa-
ic of logged and residual forest blocks across the landscape.

Parental care of Black-backed Woodpecker pairs were observed in two habitat types:
burned and unburned forest stands. Burned habitat was created by a wildfire that occurred
from May 31" to June 23" 2005, and 30% of the area was composed of high-severity burn
(Ministere des Foréts, de la Faune et des Parcs of Québec) (unpublished data). Salvage log-
ging occurred in the burned habitat and we monitored Black-backed Woodpecker nests in
unmanaged sections of high-fire severity areas. Unburned habitat is composed of the inter-
spersion of old coniferous stands (>90 years old) and harvested stands (see Tremblay et al.
2009, 2015 for more detailed information on habitats).

Nest searching

We used two different methods to locate nests between habitat types, mainly because of rela-
tive high and low densities of Black-backed Woodpeckers in burned and unburned habitats
respectively. In burned areas, we established transects and played recordings of the Black-
backed Woodpecker’s rattle call (used in conspecific disputes) (Dixon & Saab 2000) to at-
tract individuals and follow them to their nest. In the unburned habitat, we located birds
using roadside surveys with 20 minute (or less if detection occurred) playbacks of Black-
backed Woodpecker calls and drumming (Ibarzabal & Desmeules 2006) during the end of
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Figure 1. Location of the study area and nests (white stars) investigated for parental care by Black-
backed Woodpecker in eastern Canada. Burned habitat was classified according to the burn
severity and color intensity is related to fire severity

1.dbra A feketehatu hdcsik szll6i utddgondozasardl széld vizsgdlatban a vizsgalt teriilet és
a koltéoduk (fehér csillagok) elhelyezkedése Kelet-Kanadaban. A leégett éléhelyen az
erdétliz intenzitasat a kiilonbo6z6 arnyalatok jeldlik

May through the first third of June. We used mist nets to capture woodpeckers and we fitted
a 2.3g radio-transmitter (Model PD-2, Holohil Systems Ltd., Carp, Ontario) at the base of
the two central rectrices on individuals showing signs of breeding (i.e. a brood patch). Nests
of released birds were located using telemetry by homing methods (Mech 1983).

We recorded nest location coordinates using a global positioning system (GPS Garmin
Legend, Garmin Corporation, Olathe, Kansas), and we marked the location using flagging
tape placed at least 3m from the nest tree. Age of nestlings was monitored using a wireless
camera mounted on a telescopic pole and images were captured on a video recorder for
later visualizations. We developed, during our global study on Black-backed Woodpecker
(Tremblay et al. 2014, 2016), a developmental chart of nestlings based on nest histories



J. A. Tremblay, J. Ibarzabal, M-Ch. Saulnier & S. Wilson 73

and nestling observations from 37 nests (unpublished data) which enabled us to age nest-
lings precisely. Nests in unburned habitat were at least 20 km from those in burned habi-
tat (Figure 1).

Observations at nest

One observer was hidden at about 20 m from the nest and recorded time (hour/minute/se-
cond) for each arrival and departure of a woodpecker; sex was determined by the yellow
crown of the male. Nestlings were aged between 8 and 21 days during observation periods,
and weather conditions were favourable (no precipitation and mean min.-max. temperature
of 9.6 and 22.4 °C; Environment Canada 2013). Time spent at the nest was split between
time spent outside and inside the cavity. Food deliveries and nest sanitation were noted for
all visits. Two different individuals made these observations from 06.00 to 16.00, and obser-
vations were recorded on a dictaphone to enhance recording speed, and ensure we did not
miss any behavioral event. From these observations, we determined the following parental
care measures: time spent at nest (outside, inside the nest, and total), rate of food delivery
(number of food delivery per hour), nest sanitation (% of visits with transportation of fecal
bag), number of visits/hour, and interval duration between consecutive visits.

Statistical analysis

We used a combination of linear models and descriptive statistics to assess the relative in-
fluence of variables that may influence parental care of Black-backed Woodpeckers. Time
spent at nest and rate of food delivery were examined using a generalized linear mixed
model where woodpecker ID was included as a random variable to account for replicate
observations per individual. After a preliminary exploratory analysis, we limited our set
of explanatory variables to three (“habitat type”, “number of nestlings” and “sex”) in or-
der to be parsimonious. We specifically used GLMM for zero-truncated count data using
glmer.nb function in the Ime4 package (Bates et al. 2015). This approach is suitable when
the data cannot included zero. As “Time spent at nest” showed some evidence of over-dis-
persion, we subsampled with a cut-off value of 500s. Homogeneity of residuals was as-
sessed by plotting residuals against fitted values, and normality of residuals was checked
by visual inspection.

Considering our low sample size, we limited our set of biologically relevant models to
single variables and an intercept-only model, resulting in a set of 4 models. We used Akai-
ke’s Information Criterion (AIC) to evaluate the set of candidate models (Burnham & An-
derson 2002). For each model, we calculated AAIC as the difference between that model and
the model with the lowest AIC value in the candidate set. We also examined the AIC weights
(w), which are a measure that indicates the probability that the model is the best in the set.
We assumed all models within 2 AAIC units of the top model as having support but we al-
so considered support for each variable by comparing it against the same null model with
only an intercept. In this case, when that model has a lower AIC despite the additional pa-
rameter we can infer support for the inclusion of that variable (Burnham & Anderson 2002).



74 ORNIS HUNGARICA 2016. 24(1)

We only report descriptive statistics to compare time spent at nest between sexes and habi-
tats, between the time spent inside and outside the nest, rates of food delivery in relation
to the number of nestlings and between habitats, nest sanitation between habitats, and last-
ly, duration of intervals between consecutive visits between habitats. For each comparison
we report the mean=SE and 95% confidence limits uncorrected for repeated measurements.

All statistical tests were done using R version 3.2.0 (R Core Team 2015).

Results

Parental care of 9 Black-backed Woodpecker pairs were monitored in this study; 6 pairs in
burned (2.940.2 nestlings/nest) and 3 pairs in unburned forests (2.3+0.3 nestlings/nest), for
a total of 41.2 and 40.3 hours of observation in each habitat respectively and a total of 710
observations.

A model with sex was the most supported model for time spent at nest with an AIC weight
of 0.66, although habitat also had a weaker influence with a drop in AIC of 1.92 units rela-
tive to the intercept only model (Table 1). Visit durations were longer in males (79.448.7
sec) than in females (29.4+3.3 sec) (Table 2), primarily because females do not enter the nest
cavity as often as males. It seemed to have two peeks of time spent at nest during the day,
one on the morning and the other in the afternoon (Figure 2). Time spent at the nest tended
to be higher in unburned (97.9+13.7 sec) than in burned habitat (36.5+3.4 sec) (Table 2).

Model log(L) aC | daic | w, | k | Varianceofthe

Time spent at nest

Sex -3122.24 6252.47 0 0.66 2 0.390
Habitat -3123.40 6254.78 2.31 0.21 2 0.444
Intercept-only -3125.35 6256.70 4.23 0.08 1 0.558
Number of nestlings -3124.86 6257.71 5.24 0.05 2 0.526
Rate of food delivery

Number of nestlings -419.62 847.23 0 0.66 2 0.110
Habitat -420.31 848.63 1.40 0.33 2 0.139
Intercept-only -424.99 855.98 8.75 0.01 1 0.328
Sex -424.96 857.92 10.69 <0.01 2 0.328

Table 1. Model selection results for parental care of 9 pairs of Black-backed Woodpecker
(6 in burned and 3 in unburned habitats) during the nestling period. Analyses were
conducted using generalized linear mixed-effects models (GLMM for zero-truncated
count data) which contained “woodpecker ID" as a random effect to control for repeated
observations

1. tdbldzat A modell szelekcio eredményei 9 feketehatu hécsik koltépar esetében (6 par a leégett,
3 par a le nem égett éléhelyen) a fidkanevelési idészakban. Az analizisek soran altalano-
sitott linearis kevert modellt alkalmaztunk (GLMM for zero-truncated count data), amely
tartalmazta az egyedek azonositéjat ,woodpecker ID", mint random hatést az ismételt
megfigyelések figyelembe vételére
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Response 95% Confidence limits
variables Mean SE Lower Upper
Interval durations between visits (minutes)
Burned 8.2 0.5 6.8 9.6
Unburned 17.6 1.2 12.3 229
Nest sanitation (%)
Female 1.1 0.6 0.7 1.6
Male 27.8 24 26.0 29.7
Rate of food delivery (visits per hour)
2 nestlings 2.0 04 0.0 39
3 nestlings 5.5 0.5 4.1 6.9
Burned 53 0.6 38 6.8
Unburned 24 0.3 1.0 3.7
Time spent at nest (seconds)
Female 294 33 21.8 37.0
Male 794 8.7 59.2 99.5
Burned 36.5 34 27.9 45.2
Unburned 97.9 13.7 39.0 156.7
Inside 86.9 1.3 60.8 113.0
Outside 35.6 34 27.8 434

Table 2. Mean, SE and 95% Confidence limits of response variables investigated in parental care
of 9 pairs of Black-backed Woodpecker (6 in burned and 3 in unburned habitats) during
nestling period

2. tdbldzat 9 par feketehatu hdécsik (6 par a leégett, 3 par a le nem égett él6helyen) sziil6i utédgon-
dozésat leird valtozdk atlaga, standard hibdja és 95%-os konfidencia-intervallumai a fié-
kanevelési id6szakban

Time spent inside the cavity (86.9+11.3 sec) was significantly longer than time spent on the
nest tree (35.6+3.4 sec) (Table 2).

Models with number of nestlings and habitat had the highest support for food delivery
rate of Black-backed Woodpecker pairs with an AIC weight of 0.66 and 0.33 respectively
(Table 1). Indeed, food delivery rates tended to be higher for nests with 3 nestlings (5.5+0.5
deliveries/hour/adult) than for nests with 2 nestlings (2.0+0.4 deliveries/hour/adult), and
to be different among habitats with a mean of 5.3+0.6 and 2.4+0.3 deliveries/hour/adult in
burned and unburned habitats respectively (Table 2). Accordingly, interval durations be-
tween visits were significantly different among habitats with a mean of 8.2+0.5 and 17.6+1.2
min between visits in burned and unburned habitats respectively (7able 2). Parents had food
in most of the visits in both habitats (97.1% and 94.1% of the visits in burned and unburned
habitats respectively).

Males removed fecal bags more frequently (27.8+2.4% of visits) than females (1.1+£0.6%)
(Table 2), where males removed almost exclusively fecal bags (98 removals by males and
only 4 by females).
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Figure 2. Mean time passed at nest (sec) during hour of the day by 9 pairs of Black-backed
Woodpecker (6 in burned and 3 in unburned habitats) during nestling period (white: males,
black: females)

2.dbra A nap adott 6rajdban a 9 pér (6 par a leégett, 3 par a le nem égett él6helyen) feketehatu
hécsik altal, fiokanevelési idészakban, a fészeknél eltoltott atlagos idé (méasodpercben)
(fehér négyzet: himek, fekete négyzet: tojok)

Discussion

Our study is based on a limited sample size, but offer first insights into the relative influence
of both parental sex and habitat on parental care by Black-backed Woodpecker. Further re-
search with larger sample sizes is needed to verify our results and to investigate the patterns
we found in greater detail. Our results show that the sexes differ in the parental contribution
to nest care in this species with males being more involved in nest sanitation and time spent
at the nest. We also found that habitat is an important variable in explaining rates of food de-
livery, after taking into account the number of nestlings in the cavity.

Black-backed Woodpeckers showed high rates of food delivery with more than 94% of
visits with prey in both habitats of the study area. Recently burned habitats are known to
have a high density of xylophagous insect larvae (Saint-Germain et al. 2004, Boulanger &
Sirois 2007) that offers abundant foraging opportunities for woodpeckers such as the Black-
backed Woodpecker, and prey availability influences rate of food delivery (Naef-Daenzer et
al. 2000). Such greater abundance of prey may explain the higher rates of food delivery by
Black-backed Woodpeckers observed in burned habitat, where rates were more than 2 times
higher in burned habitat. However, in burned habitat food delivery rates observed in this
study are lower than those reported for the species by Short (1974) in an unburned habitat
of northeastern United States (NY) where a mean of 12.4 feedings/hour was observed dur-
ing 5 consecutive days at a single nest (perhaps 5 nestlings based on Short (1974). This may
be explained by the fact that observations of Short (1974) come from forest stands flooded
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by recent damming activities by beaver, where favorable habitat conditions may have been
generated for wood-boring larvae (Soto et al. 2002). Nevertheless, times between visits
were longer in unburned habitats as prey may be spatially more dispersed. In an explora-
tory study, Tremblay et al. (2014) reported that amount of unburned old coniferous habitat
(food availability) within the home range positively influenced weight gain in Black-backed
Woodpecker nestlings. Consequently, interval durations between visits and rates of food de-
livery may reflect more disperse food availability in the home range. More studies should be
done to examine this relationship.

In our study, the number of nestlings seemed to influence rate of food delivery by Black-
backed Woodpecker parents, following by habitat. Accordingly, we observed a higher rate
of food delivery for nests with more nestlings with 4.0 and 11.0 deliveries/hour for nests
containing 2 and 3 nestlings respectively. This rate corresponds to 2.0 and 3.7 feedings/nest-
ling/hour. These results are quite surprising as we expected to observe a decrease in food
delivery rate/nestling with an increase in the number of nestlings per nest as reported for
Northern Flickers (Colaptes auratus) (Gow et al. 2013). No comparable study exists for the
Black-backed Woodpeckers. Kozma and Kroll (2013) studied provisioning rates for Hairy
(Picoides villosus) and White-headed Woodpeckers (Picoides albolarvatus), two species
that take advantage of burned habitats and frequently feed on wood-boring larvae (Raphael
& White 1984, Covert-Bratland et al. 2006, Kozma & Kroll 2013) as in the Black-backed
Woodpecker. For these two species, mean provisioning rates of about 4 and 3.5 feedings/
nestling/hour were observed in nests with 2 and 3 nestlings respectively for Hairy Wood-
peckers and about 3.6 and 3.0 feedings/nestling/hour in nests with 2 and 3 nestlings re-
spectively for White-headed Woodpeckers. Thus, the rate of food delivery we observed for
Black-backed Woodpecker nests with 3 nestlings is comparable with Hairy and White-head-
ed Woodpeckers while delivery rates for nests with 2 nestlings was lower. This difference
may be explained by habitat types as 2 of 3 nests monitored in unburned habitat had 2 nest-
lings while 5 of 6 nests monitored in burned habitat had 3 nestlings although this interaction
did not perform well in our model selection. We have previously found that productivity per
nest in the Black-backed Woodpecker is on average 0.9 nestlings/nest higher in burned than
in unburned habitats (Tremblay et al. 2016).

Studies on food deliveries by Black-backed Woodpecker report that females feed nest-
lings more frequently than males (Kilham 1966, Short 1974; two and one nest respectively).
Sex was not an important variable influencing food deliveries in our study, but was impor-
tant for time spent at nest and nest sanitations were almost exclusively made by males. In-
deed, females rarely entered the cavity and our results show that visits inside the cavity were
about 2.5 times longer than visits where the parent remained at the cavity entrance. Time
spent inside the nest may not only include time searching for fecal sacs, but also other activi-
ties such as pecking walls inside the cavity to add fresh layers of woodchips to cover debris/
feces, to stimulate nestling defecation (Backhouse 2005), or thermoregulate when nestlings
are too young to thermoregulate themselves. Our results are congruent with those of Short
(1974) reporting, for one nest, that the female removed fecal sacs on only 3 percent of her
234 visits, and the male remove 12 times more sacs overall than the female. An important
variable that may explain the predominance of males in nest sanitation is the aggressiveness
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of nestling Black-backed Woodpeckers. Indeed, during our study nestlings had attacked pa-
rents in many occasions and were also reported in other studies (Short 1974, Kilham 1983).
Such aggressiveness does not seem to be a frequent behavior in woodpeckers, and was not
reported in American Three-toed Woodpecker (Picoides dorsalis —reported as P. tridactylus
at this time) nestlings by Short (1974).

Although time spent at the nest/visit was longer by a factor of 2.7 in unburned habi-
tat, mean time spent at the nest/hour (time spent at nest/visit*nb of visits’hour) was shor-
ter by only a factor of 1.2 in unburned habitat (4.2 min/hour vs 3.4 min/hour in unburned
and burned habitats respectively). Thus parents may compensate for their fewer visits in un-
burned habitat by a longer duration of the visit and total time spent at nests were comparable
between both habitats.

Conclusion

Although our study is based on limited sample size and needs to be supported by further
studies, it represents one of the only existing studies on parental care in Black-backed Wood-
pecker. Overall, our results show that males are more involved in nest sanitation and time
spent at the nest, and both sexes exhibit higher food delivery rates and seemed to spent less
time at the nest per visit in burned habitat. Parent activities while away from the nest are un-
known but our results suggest that raising nestlings, at least feeding them, in unburned habi-
tat requires greater effort than in burned habitat, ultimately leading to fewer fledged young
than in burned habitat (Tremblay et al. 2016). With our limited data, we observed difference
in parental care between sexes, except for food delivery, but our results gave no indication
of female disengagement, neither in burned habitat, a high food resource habitat for Black-
backed Woodpecker, nor in unburned habitat, a lower resource habitat. Nevertheless, more
intensive studies are needed to support our findings, acknowledging that it may be challeng-
ing to monitor more nests of Black-backed Woodpecker in unburned habitats during the
same breeding season.
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Abstract This study was carried out in Hungary, in an old unmanaged riparian poplar-willow
forest during the breeding seasons of 2014 and 2015. The occurrence of two invasive tree species, the green ash
and boxelder, is significant in the study area, which influences negatively the populations of native riparian tree
species in Central Europe. We studied Great-spotted Woodpecker nest sites in the presence of these invasive spe-
cies. Throughout the study period, eight and twelve nesting cavity trees were mapped. Trees were recorded in 20-
20 circular plots of 0.05 ha both for each mapped nest trees and random plots as well. Species, diameter at breast
height and condition were recorded for each tree. Composition and diversity of nest site and random plots were
compared. Distributions and preferences were calculated for nest tree use. Most of the recorded trees were inva-
sive. Nest site plots had more native trees compared to random plots. Nest site showed higher diversity in terms of
all three variables. Decayed and dead willow and white poplar hybrid trees were preferred for nesting. Diameter
at breast height of nest trees was between 30-90 cm. Studies about cavity excavators in transformed habitats have
high importance for nature conservation of riparian forests.

Keywords: Picidae, breeding, alluvial forest, green ash, boxelder maple

Osszefoglalas A vizsgalatot 2014-2015-ben, egy kezeletlen folyd-menti fiiz-nyar artéri erdSben végeztiik. A terii-
leten két invazios fafaj fordul eld, az amerikai koris és a zold juhar. A két faj Kozép-Eurdpa szerte negativan be-
folyasolja az artéri erdékben dshonos fafajok allomanyait. A nagy fakopancs koltoteriiletét vizsgaltuk az emlitett
invazios fafajok jelenlétében. A vizsgalati periodusban 8, illetve 12 koltéodut térképeztiink fel. A fas vegetaci-
ot 0,05 hektaros, kor alakt mintateriileteken mértiik fel 20 koltdhelyen, illetve 20 random mintateriileten. Rogzi-
zitasat hasonlitottuk dssze. Mind a kdltéhelyeken, mind a random mintateriileteken a legnagyobb aranyban a két
invazios faj volt jelen, am a koltdteriileteken gyakoribbak voltak az Gshonos, és ritkabbak az invazios fajok a ran-
dom mintateriiletekhez képest. A koltéhelyeken az idsebb, korhadt, illetve holt fik nagyobb elegyaranyban vol-
tak jelen. A kolt6helyek diverzitasa mindharom vegetacios valtozo esetében nagyobb volt. A vizsgalt faj egyedei
koltéodiuk készitésére a korhado, valamint holt fiz és sziirke nyarfakat részesitették elonyben. Ezek mellmagas-
sagi torzsatmérdje 30-90 cm-es kozott valtozott. Az odikészité fajokrol szolo vizsgalatok az atalakult artéri é16-
helyeken nagy jelentdségtliek a megfeleld természetvédelmi kezelések kidolgozasahoz.

Kulcsszavak: Picidae, koltés, artéri erddk, amerikai koris, zold juhar
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Introduction

Riparian forests maintain high natural and conservational value. These forests provide
source-rich habitats for a high diversity of species. Alluvial forests also serve as green corri-
dors for forest associated species to maintain their opportunities for dispersing. These habi-
tats are highly threatened by river control management and inter alia invasive plant species.
Numerous European rivers were regulated for economic reasons and their river beds were
transformed to more straight statuses. In lowland Central Europe, riparian forests have two
main distinguished types: the willow-poplar forests (softwood gallery forests), situated clo-
ser to the river bed; and further away, the oak-ash-elm forests (hardwood gallery forests).
Distribution of hardwood gallery forests has drastically decreased as a result of river control,
dam management or forest clearing for agricultural land use. Most softwood gallery forests
of Hungary are composed of poplar and willow species with dominant native species like
white poplar (Populus alba), black poplar (Populus nigra), white willow (Salix alba) and
crack willow (Salix fragilis). Because of their high genetic similarity, the Hungarian distri-
bution of aspen (Populus tremula) and white poplar overlap; thus, hybrids with high varia-
bility and introgressive populations of poplars are present in the riparian forests. Due to the
extensive distribution of planted hybrid poplar (P. x euramericana), nowadays the majori-
ty of trees that resemble black poplar in these forests are most likely hybrids of black poplar
and the planted Euamerican poplars (Haraszthy 2001, Gencsi & Vancsura 2002).

Floodplain forests are especially at risk of alien plant invasion because of the permanent
propagulum supply and the presence of moist, nutrient-rich disturbed habitats which are
very suitable for new establishment. Among the invasive tree species the green ash (Fraxi-
nus pennsylvanica) and boxelder (Acer negundo) are the most notable mainly in the under-
and midstorey level. Due to their abundant and effective dispersed fruits, rapid growth and
good regenerative capacities, they have a strong transformative effect on the species com-
position of floodplain forests by hindering the renewal of native species, of which very few
seedlings and saplings can be found in such forests. They influence the chemical traits of the
soil and also develop a second canopy layer under the canopy of native trees and thus in-
creasingly shade the ground preventing the saplings of the autochtonous trees from growing
properly (Csiszar & Bartha 2008, Udvardy 2008, Erfmeier et al. 2011).

In North America, the green ash and the boxelder maple are considered to be mid-succes-
sional species as they live in an intermedier lane between the early-successional willow-poplar
and the late-successional ash-elm riparian forests. Our focal species are present in the midsto-
rey and the lower canopy layer of the two above-mentioned habitats. They tolerate the higher
ground water levels and floods less and the droughts more than the willow and poplar species
(Rumble & Gobeille 1998). In addition to the above-mentioned habitat preferences of the two
species, the river control managements happened to be beneficial for the green ash and the
boxelder maple as the floods are scarcer and the level of ground water is deeper. These species
survive more successfully in the shade and grow better at the clearings of the source-rich Euro-
pean riparian forests, than the European willow and poplar species (Saccone et al. 2010, Porté
etal. 2011). These species also produce allelopathic chemicals that can prevent the saplings of
native species from developing properly (Csiszar 2009, Csiszér et al. 2013). As a result, there
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are very few saplings of the native species in the study area, making these habitats more ho-
mogenous than one and a half century ago. Nowadays, aging poplar and willow trees and vari-
ous generations of these two invasive species can be found simultaneously in these forests.
This is a widespread environmental problem in the bottomland riparian forests of Central Eu-
rope (Mihdly & Botta-Dukat 2004, Erfmeier ez al. 2011).

Picid birds (Picidae) can be considered as keystone species playing key role in forest eco-
systems (Gorman 2011). A total of 277 species are known worldwide, while only 11 species
are native to Europe (9 of them are breeding in Hungary) (Lammertink 2014). These spe-
cies live in woody habitats and feed mainly on arthropods. Cavity-excavator species can on-
ly breed in habitats where trees are old and thick enough to allow for the production of cavi-
ties within them (Gorman 2004). A high number of animal species depend on tree cavities.
Among others, cavity-excavators can provide nesting opportunities for other cavity-dwell-
ing species. Cavity-nester birds include ducks (Anatidae), owls (Strigidae), doves (Columbi-
dae), flycatchers (Muscicapidae) and tits (Paridae) etc., while the most frequent mammalian
cavity-dweller species are rodents (Rodentia) and bats (Chiroptera) (Bai et al. 2005, Politi
et al. 2010). Apart from vertebrates, we can also find several examples for secondary cavi-
ty-dwelling invertebrates including wasps (Hymenoptera) or butterflies (Lepidoptera).To
maintain the diversity of cavity-dwellers, it is essential to protect the cavity-excavators as
well. Woodpeckers can be considered as umbrella species since through their protection it
is possible to protect other species. Each woodpecker species has distinct habitat preferen-
ces in terms of both foraging and nesting. Habitat utilization studies of cavity excavator spe-
cies can support the conservation of their secondary cavity-dweller species as well (Ross et
al. 1997, Mazgajski 1998, Martin & Eadie 1999, Adkins Giese & Cuthbert 2003, Melletti &
Penteriani 2003, Kosinski & Winiecki 2004, Martin et al. 2004, Kosinski et al. 2006, Pasi-
nelli 2007, Roberge et al. 2008a, 2008b, Vaillancourt et al. 2008, Wan et al. 2008, Hebda
2009, Kozma 2009, Edman et al. 2011, Gorman 2011, Cooke & Hannon 2012).

Numerous works have examined the nest site use of certain woodpecker species (Mazgaj-
ski 1998, Kosinski & Winiecki 2004, Pasinelli 2007, Hebda 2009, Kozma 2009). Neverthe-
less, one can barely find any such studies that took place in habitats highly transformed by
invasive plant species. There is an increasing need for such studies, as there are altered habi-
tats worldwide with actual range expansion. According to climate change scenarios, habitat
transformations will spread around the globe (Starzomski 2013).

There is a huge lack of knowledge about the mentioned, altered riparian habitats, though this
environmental problem is considered to be widespread in Central Europe. Beyond the changes
in vegetation characteristics, the fauna and so the cavity-nesting communities happened to be af-
fected by this problem. The Great-spotted Woodpecker (Dendrocopos major) is the most com-
mon woodpecker species in Europe, being present with high densities in most woody habitats,
thus making the most cavities. As a generalist species could have a crucial role in such altered
communities as the main cavity-excavating species. For further understanding, it is important to
study the habitat use of this species in such transformed habitats (Onodi & Csorg6 2013, 2014).

The questions of our study were the following: Are there any compositional differences
between the characteristics of nest site and random plots? What detailed characteristics do
nest trees have?
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Material and methods

Our study area was a 60—70-year old unmanaged riparian poplar-willow forest (cc. 35 ha) (N
47°04’ E 20°11° — N 47°02” E 20°11°) situated in the Central-Tisza Landscape Protection Ar-
ea, which belongs to the Hortobagy National Park, in the floodplain area of the river Tisza
(Figure 1). The following native tree species were recorded: white poplar, black poplar, white
willow, crack willow. Among the overstorey species, there are some introduced tree species
in the area: green ash, boxelder maple, white mulberry (Morus alba) and common hackberry
(Celtis occidentalis). Among them, the green ash and the boxelder maple are known to be in-
vasive plants as well. The midstorey consisted mainly of the saplings of the above mentioned
invasive species. The other scrub layer species are European dewberry (Rubus caesius) and,
at the edges, the North-American bastard indigobush (Amorpha fruticosa).

Apart from the study species, the Great-spotted Woodpecker, three other woodpecker spe-
cies are breeding in lower densities in the area: the Lesser-spotted Woodpecker (Dryobates
minor), the Green and the Black Woodpecker (Picus viridis and Dryocopus martius).

Bird census

Great-spotted Woodpecker nest trees were mapped in the breeding seasons of 2014 and
2015, as we followed the chirping begging calls of the nestlings (Kosinski & Winiecki 2004,
Kosinski et al. 2006, Pasinelli 2007). 8 and 12 cavity trees were mapped, respectively. None
of the nest trees of the latter year were reused from the former year.
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Figure 1. Map of the study area (N47°04'; E 20°11'— N47°02’; E20°11’)
1.dbra A vizsgalt teriilet térképe (N47°04'; E 20°11' - N47°02"; E20°11’)
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Vegetation survey

Characteristics of habitat were measured in 12.62 m radius circular plots (0.05 ha) centred
on 20 active woodpecker nest trees and on 20 points, randomly selected from 32 semi-ran-
dom plots on a 100 m by 100 m grid. Tree species, DBH (diameter at breast height) and con-
dition of each tree were recorded in every plot. Only trees with DBH greater than 3 cm were
recorded, because this value is supposed to be the minimum diameter of trees that support
prey species for the Great-spotted Woodpecker (Gorman 2004).

Tree species were recorded according to the following categories: willow species (W.),
black poplar and its hybrids (Pb.), white poplar and its hybrids (Pw.), green ash (A.), box-
elder maple (M.), white mulberry (Mb.) and common hackberry (H.). In parallel with the
current study, we have been gathering data on foraging microhabitat use of the studied spe-
cies all year round. So that, both willow species were listed in one single category due to the
very similar architecture and bark structure which makes difficult to identify the exact spe-
cies when the branches are covered with snow.

Vegetation parameters were recorded after earlier studies on woodpecker nest site uti-
lization (Hogstad 1971, Pettersson 1983, Torok & Csorba 1986, Morrison & With 1987,
Torok 1990, Aulén & Lundberg 1991, Suhonen & Kuitonen 1991, Engstrom & Sanders
1997, Osiejuk 1998, Imbeau & Desrochers 2002, Pechacek 2006, Hogstad 2009, Czeszcze-
wik 2010). Diameter at breast height was recorded in 10 cm intervals. The category for the
thickest trees was “>100 cm”. Condition of trees was assigned in three categories: living
trees (less than half of their branches are decayed), decaying trees (more than half of their
branches are decayed, but still have living branches) and dead trees (the whole tree and all
of the branches are dead). The thickness of the utilized part of tree was assigned to one of
the following six categories: <10.1 cm, 10.1-20 ¢cm, 20.1-30 cm, 30.1-40 cm, 40.1-50 cm,
50 cm<. We estimated the thickness of the branch relative to the biometric measures of the
study species (length 21-23 c¢m, wingspan 34-39 cm) (Cramp 1985). We gathered data on

99 ¢

the condition of the used substrate in three categories: “Living”, “Decaying” and “Dead”.

Data analyses

Chi-square test was used to compare the distributions in species, DBH and condition be-
tween nest site and random plots.

Shannon diversity index was calculated for tree species, DBH and condition in the case
of each plot. Diversity indices of nest site and random plots were compared through Hutch-
eson’s diversity t-test (Hutcheson 1970, Poole 1974).

The ratio of the number of native trees to the pooled number of native and invasive trees
was calculated for each plot. Values of nest site and random plots were compared with
two-sample t-test with Welch correction.

According to the availability of each category of the three dimensions measured at ran-
dom plots, frequency distributions and Jacobs’ selectivity indices were calculated to exa-
mine which type of trees were used and preferred for nesting cavity excavation. This in-
dex can result in values from —1 to +1, where negative values are referring to avoidance
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ey Nest site | Random Tree diame'ter at Nest site | Random
(680) (566) breast height (680) (566)

Willow 17.79% 9.01% 3.1-10cm 32.35% 45.41%
White poplar hybrid 13.09% 10.78% 10.1-20 cm 23.82% 21.73%
Black poplar hybrid 9.85% 3.89% 20.1-30 cm 14.26% 13.78%
Green ash 24.71% 29.86% 30.1-40 cm 8.97% 5.48%
Boxelder maple 28.68% 41.87% 40.1-50 cm 6.91% 4.95%
White mulberry 5.29% 3.89% 50.1-60 cm 3.97% 2.65%
Common hackberry 0.59% 0.71% 60.1-70 cm 3.38% 1.59%
Table 1. Frequency distributions of tree spe- 70.1-80cm 2.06% 2.30%
cies in the nest site and random plots 80.1-90 cm 1.47% 0.88%

1. tdbldzat Az egyes fafajok gyakorisag-elosz- 90.1-100 cm 1.32% 0.53%
plotokban.Faajok fentl et iz, |—100€MS 147% | 071

fehér nyar hibridek, fekete nyar hib-  gple 2. Frequency distributions of tree di-

ridek, amerikai kéris, zold juhar, fe-
hér eper, nyugati ostorfa

and positive values are referring to prefer-
ence. For these measures, we only worked
with trees of a DBH greater than 10 cm.

Analyses were carried out with PAST
2.17c (Hammer et al. 2001). Tables were
managed with Microsoft Office Excel 2007
software.

Results

The most frequent tree species were the in-
vasive species, among them the most abun-
dant is the boxelder maple, while native tree
species were less abundant. At the random

ameter at breast height in the nest
site and random plots

2. tdbldzat Az egyes mellmagassagban mért
torzsatméré kategoéridk  gyakori-
sag-eloszlasai a kolt6helyen, illetve
random plotokban

Tree condition Nest site | Random
(680) (566)
Living 30.88% 39.93%
Decaying 58.24% 53.71%
Dead 10.88% 6.36%
Table3.  Frequency distributions of tree condi-

tion in the nest site and random plots
3. tdbldzat Az egyes fakondicié kategoéridk gya-
korisdg eloszlasai a koltéhelyen, illet-
ve random plotokban (kondicié kate-
goridk fentrél lefelé: é16, korhado, holt)

plots, white poplar hybrids were the most abundant native trees, while willow trees were the
most frequent in the nest site plots. White mulberry and common hackberry trees happened
to be sporadic species. Nest site plots had less invasive trees and more native trees than ran-
dom plots (Table 1). Chi? test showed significant difference between the two distributions

(X?=53.955, df=6, P<0.0001).

Both plot types had gradually less trees in the greater DBH categories, although thinner,
younger trees were represented in lower proportions in the nest sites (7able 2). Chi’® test
showed significant difference between the two distributions (X*=29.885, df=9, P<0.0001).

Decaying trees were represented the most and dead trees the least at both types of plots,
although nest site plots had more decaying and dead trees and less living trees (Table 3).
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Plot Nest site (680) | Random (566) Plot Nest site (680) | Random (566)

1 1.18 1.16 1 27.98 81.87

2 1.46 1.18 2 138.30 108.73

3 1.54 0.91 3 76.79 50.75

4 0.88 0.44 4 55.51 122.25

5 1.09 1.10 5 38.55 135.69

6 1.59 1.29 6 95.09 36.75

7 1.03 1.08 7 139.54 58.83

8 1.45 1.41 8 38.85 72.58

9 1.36 1.04 9 89.55 26.32

10 1.20 1.44 10 18.30 59.42

11 1.34 1.15 11 25.98 2.77

12 1.11 1.17 12 65.28 41.87

13 1.22 1.15 13 84.82 41.82

14 1.26 1.47 14 96.59 8.32

15 1.37 1.42 15 37.20 24.46

16 0.85 1.24 16 78.66 88.60

17 1.16 1.45 17 67.85 82.99

18 1.43 1.08 18 49.14 52.85

19 1.24 1.03 19 68.93 49.99

20 1.45 1.23 20 26.86 41.39

Mean 1.26 1.17 Mean 65.99 59.41

SD 0.20 0.23 SD 3493 35.60
Table4.  Tree species diversity (Shannon) in  Table5.  Shannon diversity indices in the case
the nest site and random plots of tree diameter at breast height in

4. tdbldzat Shannon diverzitasi értékek a fafajok the nest site and random plots
esetében a koltéhelyen, illetve ran- 5. tdbldzat Shannon diverzitasi értékek mellma-
dom plotokban gassagban mért torzsatméré eseté-
ben a koltéhelyen, illetve random

plotokban

Chi? test showed significant difference between the two distributions (X*=15.505, df=2,
P<0.0001).

Nest site plots showed higher diversity values in the case of tree species (Table 4), diame-
ter at breast height (Table 5) and tree condition (Table 6). Diversity t-test showed significant
differences between nest site and random plots in terms of Shannon diversity indices of tree
species (t=5.607, df=953.43, P<0.0001) and diameter at breast height (t=4.8318, df=1116,
P<0.0001). The t-test did not show significant differences for tree condition (t=1.4687,
df=1223.7, P=0.14218).

According to the two-sample t-test with Welch correction, nest site plots had significantly
higher values for ratio of the number of native trees to the pooled number of native and in-
vasive trees, compared to the random plots (7able 7) t(Welch)=3.5591, p(Welch t)=0.0014).
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Plot Nest site (680) | Random (566) Plot Nest site (680) | Random (566)

1 41.28 97.72 1 0.65 0.39

2 179.59 123.18 2 0.38 0.21

3 121.67 56.42 3 0.46 0.08

4 85.11 150.93 4 0.56 0.16

5 63.16 164.61 5 0.92 0.18

6 118.83 38.03 6 0.39 0.18

7 165.95 82.90 7 0.12 0.35

8 54.21 96.39 8 0.27 0.30

9 12348 36.95 9 0.42 0.20

10 33.34 72.58 10 0.15 0.19

11 48.04 6.59 11 0.33 0.29

12 103.83 56.37 12 0.38 0.38

13 97.02 63.93 13 0.27 0.32

14 137.23 26.38 14 0.53 0.38

15 53.58 30.26 15 0.39 0.21

16 115.89 119.46 16 0.92 0.24

17 95.07 115.84 17 0.37 0.35

18 85.11 52.51 18 0.45 0.13

19 93.81 81.82 19 0.33 0.36

20 44.40 61.30 20 0.35 0.14

Mean 93.03 76.71 Mean 043 0.25

SD 41.39 42.40 SD 0.21 0.10
Table 6. Shannon diversity indices inthe case ~ Table 7. Ratio values for the number of native
of tree condition in the nest site and trees to the sum of the number of
random plots native and invasive trees in the nest

6. tdbldzat Shannon diverzitasi értékek a fakon- fite and random plots

dici6 esetében a koltéhelyen, illetve 7. tdbldzat Oshonos fak aranya az 6shonos és in-
random plotokban vazids fak 6sszegéhez képest a kol-

téhelyen, illetve random plotokban

12 nests out of 20 were made in willow trees, 7 nests were made in white poplar hybrids
and one nest was made in a boxelder maple tree, which means 60%, 35% and 5%, respec-
tively. According to Jacobs’ selectivity indices, birds showed preference for willows and
white poplar hybrids. The highest preference value was observed for willow trees. All other
trees were avoided by the studied species, but boxelder maple showed slightly lower avoid-
ance (Table 8).

For cavity excavation, a wide range of DBH was utilized from trees between 10.1 and
20 cm to trees of maximum 90 cm thickness. Most of the nest trees were between 30.1
and 50 cm thick. According to their availability, the preferred trees were ranged from 30.1
to 70 cm, but 80.1-90 cm DBH trees were also preferred. Other categories were avoided
(Table 9).
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Utilization | Jacobs’ . Utilization | Jacobs’
. .. Tree diameter at ..
Tree species frequen- | selectivity . frequen- | selectivity
b g breast height b o
cies indices cies indices
Willow 60% 0.77 10.1-20 cm 0% -1.00
White poplar hybrid 35% 0.38 20.1-30 cm 10% -0.50
Black poplar hybrid 0% -1.00 30.1-40 cm 35% 0.66
Green ash 0% -1.00 40.1-50 cm 25% 0.54
Boxelder maple 5% -0.81 50.1-60 cm 10% 0.37
White mulberry 0% -1.00 60.1-70 cm 15% 0.71
Common hackberry 0% -1.00 70.1-80 cm 0% -1.00
= 0,
Table 8. Utilization frequencies and Jacobs’ o0 i) >
selectivity indices for species of nest 90.1-100 cm 0% -1.00
trees 100 cm< 0% -1.00
8.tdbldzat Az egyes fafajok gyakorisag-eloszla-
sai és ezek Jacobs szelektivitasiindex  Table 9. Utilization frequencies and Jacobs’

értékei a koltéfak esetében. Fafajok
fentrdl lefelé: fliz, fehér nyar hibridek,
fekete nydr hibridek, amerikai kéris,
z6ld juhar, fehér eper, nyugati ostorfa

9. tdbldzat

selectivity indices for diameter at
breast height of nest trees

Az egyes mellmagassdgban mért
torzsvastagsdg kategoridk gyakori-
sag-eloszlasai és ezek Jacobs szelekti-
vitdsi index értékei a kolt6fék esetében

e . Jacobs’
o Utilization . .
Tree condition . selectivity
frequencies .
indices
Living 10% -0.55
Decaying 75% 0.28
Dead 15% 0.24
Table 10.  Utilization frequencies and Jacobs’

selectivity indices for condition of
nest trees

10. tdbldzat Az egyes fakondicio kategoridk gya-

korisdg-eloszlasai és ezek Jacobs
szelektivitasi index értékei a kolts-
fak esetében (kondicié kategoéridk
fentrél lefelé: é16, korhadd, holt)

Substrate condition f:jet::ilzeal:ic(i’:s
Living 10%
Decaying 75%

Dead 15%
Table 12.  Frequency distributions of substrate

condition at nesting cavities

12. tdbldzat Az egyes fakondicio kategdriak gya-

korisdg-eloszlasai a koltéoduknal
(kondicio kategoridk fentrél lefelé:
é16, korhadd, holt)

Diameter at nest Utilization
height frequencies
0-10cm 0%

10.1-20 cm 5%
20.1-30cm 60%
30.1-40 cm 25%
40.1-50 cm 5%

50 cm< 5%

Table 11.

11.tdbldzat Az egyes

Frequency distributions of tree dia-
meter at nest height

koltéodukndl becsilt
torzsvastagsag kategoridk gyakori-
sadg-eloszlasai
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75% of nest trees were in “decaying” condition. 15% of the utilized trees were dead and
10% were living. The preferred condition stages were the “decaying” and the “dead”, where
decaying trees were more preferred. Living trees were avoided (Table 10).

60% of nesting cavities were excavated in parts of trees with the diameter at nest height
of 20.1-30 cm. Other categories were represented less and less (Table 11). 75% of nesting
cavities were excavated in decaying substrates (Table 12).

Discussion

Within the literature one can rarely find studies on nest site use of the Great-spotted Wood-
pecker in riparian forests. These studies were carried out mostly in oak-ash-elm forests
(Fraxino-Ulmetum) (Kosinski & Winiecki 2004, Kosifiski ef al. 2006), while none of them
took place in willow-poplar alluvial forests (Populo-Salicetum). Besides, we could not find
any example of woodpecker nest site studies in habitats transformed by invasive tree spe-
cies. There is a huge lack of knowledge on these topics so far.

Among native trees, nest site plots had more trees from all of the available three spe-
cies, but the difference was proportionately bigger in terms of willow and black poplar hyb-
rid trees, than white poplar hybrids. In one of our earlier studies made in the same study
area, through weekly standard, year-round foraging observations, we found, that invasive
tree species were avoided (Onodi & Csorgd 2014). In spite of that, among other tree spe-
cies, the rough barked native willow and black poplar hybrids were the most preferred trees
for foraging (Onodi & Csorgé 2014). The green ash and boxelder maple were scarcely used
for foraging by the study species (Onodi & Csorgd 2014). This could be due to that these
tree species have very few prey items in them. Both non-native species have anti-herbivore
secondary metabolic products in their tissues, in the leaves and in the living wood as well
(Csiszar & Bartha 2008, Udvardy 2008, Csiszar 2009). Among the few insect species that
can inhabit the wood of green ash, the most common is the Ash Bark Beetle (Leperisinus
fraxini, Scolytidae) that lives in the bark of the trees (Udvardy 2008). According to the li-
terature, there is not any documented wood boring insect species, which could inhabit the
wood of boxelder in Europe (Csiszar & Bartha 2008).

Foraging woodpeckers preferred bigger, older native trees, which could be the reason why
nest site plots had more abundant thicker, older trees and less young trees than random plots.
This phenomenon is similar to the results of Kosinski and Winiecki (2004). They found in
Quercus-Fraxinus-Ulmus and Quercus-Carpinus stands in Poland, that Great-spotted Wood-
peckers used nest sites with proportionately bigger and older trees of higher total basal area.

Most trees were decaying at both nest site and random plots. Nest site plots had more de-
caying and dead trees and less living trees. Although living trees were preferred by the for-
aging birds, nest site plots had proportionately less living trees than random plots. This
could be from the fact that most of the living trees in the study area are invasive and thus
avoided by the foraging birds for both foraging and nesting (Onodi & Cs6rgd 2014).

According to our results, nest site plots had higher diversity in terms of all three studied
variables, as birds chose nest sites with more thick, decaying or dead native trees, while the
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overall characteristics of this transformed habitat are less diverse, due to the high frequen-
cies of young, living invasive trees.

As there are so few studies on the nest site utilizations of the Great-spotted Woodpecker
and we could not find any studies held in poplar-willow riparian forests so far, it is hard to
compare their nest tree utilizations as well. In other studies, willow trees were not among
the preferred nest trees, although these trees were sporadically present in those study sites
(Kosinski & Winiecki 2004, Kosinski et al. 2006). Willow trees were only mentioned by
Kosinski et al. (2006) as highly preferred nest tree species for the Middle-spotted Wood-
peckers. In our study area, these tree species provide the most suitable, 20-30 c¢m thick sub-
strates with the proper volume of soft decaying wood. As white poplar hybrid trees are hy-
brids of white poplar and aspen trees, our studied woodpeckers used these trees similarly
to Aspens that were used in other studies as well. Aspens were preferred by Great-spotted
Woodpeckers for example in Bialowieza National Park in Poland (Wesolowski & Tomia-
lojc 1986), in Norway (Hagvar et al. 1990) and in Sweden (Hansson 1992). The used as-
pen cavity trees were described as dead and decaying trees in case of Bialowieza, but were
considered to be living trees in both the Norwegian and Swedish studies. Such high prefe-
rence could be related to its soft wood, which can mean less effort for excavation (Kosinski
& Kempa 2007). The other preferred trait of this species is its smooth bark. The latter trait
could lower the success of scansorial nest predators such as Pine Marten (Martes martes)
and Stone Marten (M. foina) (Glue & Boswell 1994, Walankiewicz & Czeszczewik 2005).

Great-spotted Woodpecker chose dead and decaying trees for nesting in other studies as
well (Glue & Boswell 1994, Smith 1995, Smith 1997, Kosinski & Winiecki 2004, Smith
2007), although, among other European woodpecker species, the Great-spotted Woodpeck-
er use living trees the most. In some studies the species used near exclusively living trees
for nesting (Kosinski & Kempa 2007). Compared to other Dendrocopos species, like the
dead wood specialist White-backed Woodpecker (D. leucotos) which has a slightly grea-
ter body size and considerably greater bill length (Gorman 2004), the Great-spotted Wood-
pecker’s shorter and deeper bill occurred to be more efficient for excavating nesting cavi-
ties in hard, living trees (Aulén & Lundberg 1991). According to the condition of such
transforming riparian habitats, high proportion of native trees suitable for nesting are in
decaying or dead condition as well. Older willow and white poplar hybrid trees are most-
ly decaying under these soil water conditions. In contrary to other studies in which cavi-
ties were found in old, larger trees with 50-60 cm diameter at breast height (Kosinski &
Winiecki 2004), our study birds mainly excavated their nesting cavities in medium diame-
ter trees of 3040 cm. These trees represented 10% of the available stems applicable for
cavity excavation by Great-spotted Woodpecker. Equivocally with other studies, our stu-
died species made cavities in substrates between 20 and 30 cm diameter at nest height
(Glue & Boswell 1994).

In their native habitats, in particularly in green ash woodlands, green ash and boxelder
maple support a high diversity of forest bird species, including cavity-nesting species (Rum-
ble & Gobeille 2008). According to our results, we predict that the population decrease of
native, alluvial tree species could lead to a suboptimal habitat for numerous members of ri-
parian forest communities (Magura et al. 2008). In that case, the density of woodpecker
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species could decrease. As the main cavity excavator, the Great-spotted Woodpecker plays
a key role in riparian forest ecosystems. Its decrease in density caused by habitat alteration
would supposedly have a considerable influence on the cavity-dwelling community. Among
the secondary cavity-nesters of this species we can find tits (Paridae), nuthatches (Sittidae),
sparrows (Passeridae), starlings (Sturnidae) and flycathcers (Muscicapidae) (Kotaka & Ma-
tsuoka 2002), even though the Great-spotted Woodpecker is one of the most important nest
predators for cavity-nesting species, for example in the Bialowieza National Park, where
certain species even avoid nesting in woodpecker cavities (Wesolowski 2007). Decaying
processes of natural cavities could be initiated by the foraging excavations of woodpeckers,
as they can inoculate wood-decaying fungi. Such holes, within decades can become nest-
ing cavities. The wood of the invasive tree species is much harder, so these trees can pro-
duce hollows slower than willow and poplar trees; thereby, the importance of nesting and
foraging cavities made by the generalist Great-spotted Woodpecker will undoubtedly rise
(Jackson & Jackson 2004).

Through their above mentioned processes, green ash and boxelder maple are considered
to be such transforming species. In the making of conservation management plans, it is ade-
quate to use the “novel ecosystem” approach. Certain transforming species can change fair-
ly entire ecosystems in irreversible ways. The restoration of such habitats could be impos-
sible or so resource intensive, that it could even cause great harm to the processes of the
ecosystem. In our case, these invasive tree species support the essential midstorey and se-
condary canopy layer as important microhabitats for various forest-dwelling species. Mana-
gers should secure the current processes of such altered ecosystems while taking efforts to
conserve the indigenous habitat as much as possible (Milton 2003, Hobbs et al. 2006, Lin-
denmayer et al. 2008, Hobbs et al. 2013).

As the green ash and boxelder maple are considered to be mid-successional species in
their North-American, native alluvial habitats (Iverson et al. 2008, 2009), through river
control managements the more straight, deeper riverbeds of Central Europe happened to be
more optimal for these species, than the native riparian tree species. The conditions of na-
tive riparian woodland ecosystems could be mitigated by the restoration of natural, mean-
dering and flooding processes of such riverbeds (Scott et al. 1997, van Turnhout et al. 2010),
though this consideration is yet to be an utopistic approach due to inter alia economic rea-
sons.
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Abstract This paper presents the European fossil, subfossil and recent representatives of the Pi-
cidae family. Following the list of fossil and subfossil remains, the author analyzes and presents
images of the osteological characteristics of the order’s 10 recent European species.

Skeletal parts that are usually present both in the fossil and subfossil material were examined (mandibula, cora-
coideum, scapula, humerus, ulna, metacarpus, the first phalanx of the second finger of the wing, femur, tibiotar-
sus, tarsometatarsus and distal phalanx). The text is complemented with the bibliography concerning the fossi-
lized material, tables and figures and a size chart.

Keywords: paleornithology, osteology, Paleogene, Neogene

Osszefoglalas A dolgozatban a harkalyok rendjének eurdpai fosszilis, szubfosszilis és recens képviseldit mutatja
be a szerzd. A fosszilis és szubfosszilis maradvanyok felsorolasat kovetéen a szerzé a rend 10 eurdpai recens fa-
janak csonttani jellegeit elemzi és mutatja be képeken is. A vazrészek koziil azok keriilnek vizsgalatra, amelyek
a fosszilis és szubfosszilis anyagban is rendszerint jelen vannak (als6 allkapocs, hollocséresont, lapocka, felkar-
csont, singcsont, kézkozépesont, a szarny 1. ujjanak elsé ujjperce, combcesont, 1abszarcsont, csiid és karomcsont).
A szoveget kiegésziti a fosszilis anyagot felolelé konyvészeti jegyzék, 8 tablakép és egy mérettablazat.

Kulcsszavak: paleornitologia, csonttan, paleogén, neogén

Department of Paleontology, Eotvés Lorand University, 1117 Budapest, Pazmany Péter sétany 1/c, Hungary,
e-mail: kessler_jeno@yahoo.com

Introduction

Representatives of the order Picidae were present in Europe already in the beginning of the
Paleogene, represented by species of the presently exclusively tropical family (Capitonidae) or
the now extinct family (Zygodactylidae). These are, for example, the Primozygodactylus eun-
Jjoae Mayr and Zelenkov, 2009 (Mayr 2005¢, 2006, Mayr & Zelenkov 2009), from the Middle
Eocene of Messel Grube, Germany, the Zygodactylus luberonensis Mayr, 2008, from the Low-
er Ogliocene of France (Mayr 2005b, 2008) and multiple findings from the Miocene of France
and Germany (Zygodactylus ignotus Ballmann, 1966, and Capitonides europaeus Ballmann,
1966, from the Middle Miocene of Wintershof (West) bei Eicstitt, Z. grivensis Ballmann, 1969,
and Z. gaudryi (Depéret 1887), from the Middle Miocene of La Grive-Saint-Alban) (Ballmann
1966, 1969a, 1969b). The small Rupelramphastoides kopfi Mayr, 2005 from the Lower Oligo-
cene site of Freuenweiler, Germany, is thought to belong to the Ramphastidae family (Mayr
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2005a). Picavus litencicensis Mayr and Gregorova (2012) described from the Litencice site of
the Czech Republic also comes from the Lower Oligocene (Mayr & Gregorova 2012).

The recent Picidae, however, are only known from the Neogene of Europe in quite scarce
numbers and without exception represented by modern genera:

— Picus peregrinabundus Umans’ka, 1981 from the Upper Miocene of Novoelisavetovka,
Ukraine (MN 11-12) (Umanska 1981, Mlikovsky 2002)

— Picus pliocaenicus Kessler, 2013 from the Lower Pliocene of Beremend 26, Hungary
(MN 15) (Kessler 2013)

— Dendrocopos praemedius Janossy, 1974 from the Upper Pliocene of Villany 3, Hungary
(MN 16-17) (Janossy 1974) and subsequently from site Beremend 26 (Kessler 2009, 2013)

—the extinct Dendrocopos submajor Janossy, 1974 was described by Dénes Janossy (1974)
from the Upper Pleistocene of Hundsheim, Austria, but Mlikovsky (2002) synonymized the
latter with the species D. major as he did the former with the recent D. medius. Given that
the author identified both species from the much older site of Beremend 26, we are on the
opinion that according to the sizes and characteristics, the former should be viewed as a
valid species, while the latter as a subspecies (D. major submajor).

The marking of the recent Pogoniulus genus belonging to the Ramphastidae family by
Mlikovsky (2002) from the Upper Miocene of Austria is also worth mentioning (Kohfidisch
— Gyepiifiizes).

Recent species of the Picidae family are only specific to the Pleistocene and Holocene of
Europe:

— Jynx torquilla Linnaeus, 1758

Known from the Lower Pleistocene: Betfia 2 (Kormos 1913, Capek 1917) and Upper Pleis-
tocene of the Carpathian Basin: the shelter cave of Hamor-Puskaporos (Lambrecht 1912,
1916, 1933, Janossy 1977, 1986), as well as the Middle Pleistocene of France and the Up-
per Pleistocene of Austria, the Czech Republic, France, Croatia, Germany, Switzerland and
Romania (Tyrberg 1997).

— Picus viridis Linnaeus, 1758

Known from the Lower Pleistocene: Betfia 9 (Gal 2002), Somssich Hill 2 (Janossy 1981a,
1982b, 1983, 1986), Middle Pleistocene: Tarkd 1-16 (Janossy 1977) and Upper Pleistocene:
Varbé-Lambrecht Kalman Cave (Janossy 1977), the Holocene: Kazanszoros-Toroklik Cave
(Kessler 1974), Korosbanlaka Cave (Kessler 1982), Varsonkolyos-Izbindis Cave, (Kessler
1977, Gal 2002), the caves of Varsonkolyos (Kessler 1982), as well as the Middle Pleisto-
cene of France, Italy, Spain and the Upper Pleistocene of England, Austria, the Czech Re-
public, France, Croatia, Germany, Italy and Spain (Tyrberg 1997).

— Picus canus Linnaeus, 1758

Known from the Upper Pleistocene of the Carpathian Basin: Fels6tarkany-Peské Cave (Lam-
brecht 1912, 1933, Janossy 1977), Nandor-Nandori Cave (Janossy 1965, Fischer & Stephan
1977, Kessler 1985, Jurcsak & Kessler 1988, Gal 2002, 2003), Oruzsin-Antal Cave (Nehring
1880, Roth 1881, Lambrecht 1912, 1933), shelter cave 1. of Pilisszantod (Lambrecht 1915, 1933,
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Janossy 1977, 1986), Répashuta-Balla Cave (Lambrecht 1912, 1933), Varbo-Lambrecht Kalman
Cave (Janossy 1977), Velika Pecina (V. Malez 1975, 1984, 1988), Velika pec na Lipi (V. Malez
1975, 1984, 1993, V. Malez-Baci¢ 1975), the Holocene: Felsétarkany-Petény Cave (Janossy
1977), as well as the Middle Pleistocene of the Czech Republic, France and the Upper Pleisto-
cene of Austria, the Czech Republic, France, Germany, Italy and Switzerland (Tyrberg 1997).

— Picus sp.

Known from the Upper Pleistocene of the Carpathian Basin: the shelter cave of Himor-Puska-
poros (Lambrecht 1912, 1916, 1933, Janossy 1977, 1986), as well as the Upper Pleistocene
of Luxemburg and Germany (Tyrberg 1997).

— Dryocopus martius (Linnaeus, 1758)
Known from the Upper Pleistocene of Georgia, France and Poland (Tyrberg 1997).

— Dendrocopos major (Linnaeus, 1758)

Known from the Middle Pleistocene: Vindija (M. Malez 1961, V. Malez 1973, 1988, 1991),
and Upper Pleistocene: Bajot-Jankovich Cave (Lambrecht 1933, Janossy 1977), Buda-
pest-Remetehegy Shelter Cave (Kormos & Lambrecht 1914, Lambrecht 1933, Janossy
1977, 1986), the shelter cave of Haimor-Puskaporos (Lambrecht 1912, 1916, 1933, Janossy
1977, 1986), Hamor-Herman Ott6 Cave (Lambrecht 1915, 1933), Merkenstein (Wettstein
& Miihlhofer 1938), shelter cave 1. of Pilisszantd (Lambrecht 1915, 1933, Janossy 1977,
1986), Szegyestel-Magura Cave (Kessler 1982, 1985, Gal 2002), Szilvasvarad-Istalloskd
Cave (Lambrecht 1912, 1933, Janossy 1952, 1955, 1977), Tatabanya-Szelim Cave (Janossy
1977), Velika Pecina (V. Malez 1975, 1984, 1988) and from the Holocene of Ecsegfalva n.
23 (Pike-Tay et al. 2004, Gal 2007b), Felsotarkany-Petény Cave (Janossy 1977), Legény
Cave (Lambrecht 1914), the shelter cave of Répashuta-Rejtek (Janossy 1977), Teufelslu-
cken (Soergel 1966), as well as the Lower Pleistocene of France and Spain, the Middle
Pleistocene of the Czech Republic, France, Croatia, Germany, Italy, Spain, and the Upper
Pleistocene of England, Bosnia and Herzegovina, the Czech Republic, France, Ireland, Po-
land, Germany, Italy, Spain, Switzerland and Ukraine (Tyrberg 1997).

— Dendrocopos medius (Linnaeus, 1758)

Known from the Lower Pleistocene: Betfia 2, 9 (Kormos 1913, Capek 1917, Lambrecht
1933, Kessler 1975, Janossy 1977, Gal 2002), Middle Pleistocene: Hundsheim (Janossy
1974), Tarké 4, 11 (Janossy 1977) and Upper Pleistocene, Oruzsin-Antal Cave (Nehring
1880, Roth 1881, Lambrecht 1912, 1933), Velika Pecina (V. Malez 1975, 1984, 1988), as
well as the Lower Pleistocene of Ukraine, the Middle Pleistocene of France, the Upper
Pleistocene of France, Germany, Italy and Ukraine (Tyrberg 1997).

— Dendrocopos minor (Linnaeus, 1758)

Known from the Lower Pleistocene of the Carpathian Basin: Betfia 9 (Gal 2002), as well as
the Lower Pleistocene of England, middle Pleistocene of France, and Upper Pleistocene of
England, France and Croatia (Tyrberg 1997).
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— Dendrocopos leucotos (Bechstein 1803)

Known from the Holocene of the Carpathian Basin: Fels6tarkany-Petény Cave (Janossy
1977), as well as the Middle Pleistocene of France, Italy, and the Upper Pleistocene of
Austria, Belgium, France, Greece and Italy (Tyrberg 1997).

— Picoides tridactylus (Linnaeus, 1758)
Known from the Middle Pleistocene of France and the Upper Pleistocene of Germany (Tyr-
berg 1997).

Palaeoecological conclusions

The changes in climate across Europe by the end of the Miocene, seasonal cooling and
warming were not favorable for fruit-eating types (Coliiformes, Musophagiformes, Psitaci-
formes, beside Trogoniformes from among the families of Piciformes (the representatives of
Capitonidae, Ramphastidae and Zygodactylidae) — thus, these receded back to tropical are-
as. Members of the Picidae family in the Piciformes order were able to withstand the seaso-
nal changes in temperature as insectivores, mostly specializing on invertebrates living under
tree bark. The sole exception is the less specialized Eurasian wryneck with beaks incapable
of carving, which is the only migrating species of the family and not only does it not show
any specialization in its skull, but also its flight capabilities and tail feathers are unlike those
of other species.

For the latter, the thickening of the parietal bones, the rather strong lower and upper jaws,
the remarkably long tongue, the flight feathers capable of weight support all had significant
effects on flight capabilities, and consequently the shape and size of the wings. The distinc-
tively wavelike trajectory and low flight speed would not allow for longer migration at this
point, which they do not need in their woodland habitats, however, it serves perfectly well
motion in this environment. The geographic spread of the approximately 300 species of the
family supports the above statement, since they were unable to reach Oceania, Madagas-
car, Australia and New-Zealand. An extremely complex, data-rich study appeared recently
(Winkler 2015), which perfectly complements this work.

Osteological characteristics of Picidae

From an osteological perspective, their skeletal parts can easily be identified, but the current
paper only takes into account those that easily remain, fossilize and can be identified up to
species level. These are the mandible, the coracoid bone of the pectoral girdle, the scapula,
bones of the upper and lower limbs (apart from the radial bone, fibula and certain phalan-
ges), so we do not examine neither the otherwise typical skull, sternum and pelvis, nor the
vertebrae, ribs and furcula (Plate 1).
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Plate I.

Tablakép |.

Picus viridis Linnaeus, 1758 osteology characters:
A. Mandible - a. te end of the beak; b. the recess
between the stems; c. the stems. B. Coracoideum - a.
the processus acrocoracoidalis; b. the medial part of
the sternal end; c. the lateral part of the sternal end.
C. Scapula - a. the lateral projection; b. the dorsal
projection. D,E. Humerus - a. the crista biccipitalis; b.
the processus supracondylaris dorsalis. F,G. Ulna - a.
oleocranon; b. cotyla dorsalis; c. tuberculum carpale.
H. Carpometacarpus — a. the trochlea carpalis; b.
the processus extensorius; c. the distal end of the
metacarpus major. |. Phalanx proximalis digiti majoris
- a. the proximal end; b. the distal end; c. the distal
end of the dorsal side. J. Femur - a. the condylus
lateralis. K. Tibiotarsus - a. the tuberositas retinaculi. L.
Tarsometatarsus — a. trochlea metatarsi |l.; b. trochlea
metatarsi IV.; c. trochlea metatarsi |. M. Distal phalanx
- claw - a. the tuberculum extensorium; b. the cotyla
articularis; c. the tuberculum flexorium.

Picus viridis Linnaeus, 1758 csonttani jellegek: A. Al-
s6 allkapocs — a. a csér vége; b. a csér szarai kozti mé-
lyedés; c. a csér szarai. B. Hollécséresont - a. processus
acrocoracoidalis; b. a mellcsonti rész medidlis vége; c.
a mellcsonti rész laterdlis vége. C. Lapocka - a. oldal-
s6 nyulvany; b. dorsadlis nydlvany. D,E. Felkarcsont - a.
crista biccipitalis; b. processus supracondylaris dorsalis.
F.G. Singcsont - a. oleocranon; b. cotyla dorsalis; c. tu-
berculum carpale. H. Kézkozépcsont - a. trochlea carpa-
lis; b. processus extensorius; c. a metacarpus major disz-
talis vége. I. A nagy kézujj elsé ujjperce - a. proximdlis
vég; b. disztalis vég; c. a disztalis vég dorsélis része. J.
Combcsont - a. condylus lateralis. K. Ladbszarcsont - a.
tuberositas retinaculi. L. Cslid - a. trochlea metatarsi Il.;
b. trochlea metatarsi IV.; c. trochlea metatarsi 1. M. Ka-
romcsont — a. tuberculum extensorium; b. cotyla articu-
laris; c. tuberculum flexorium.
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Plate 2.

Tablakép 2.

Mandibula, dorsal aspect: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dendrocopos
minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius; 7. Picus
canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

Alsé dllkapocs, dorsélis nézet: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dendro-
copos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius; 7. Pi-
cus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla
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Plate 3.

Tdblakép 3.

A. Coracoideum, right side, ventral surface: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Scapula, left side, medial surface: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

A. Hollécséresont, jobboldali, ventralis nézet: 1. Dendrocopos major; 2. Dendrocopos me-
dius; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryoba-
tes martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla.

B. Lapocka, baloldali, medidlis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla
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Plate 4.

Tdblakép 4.

A. Humerus, left side, caudal surface: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Jynx torquilla.
B. Humerus, left side, cranial surface: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Jynx torquilla
A. Felkarcsont, baloldali, caudalis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Jynx torquilla.
B. Felkarcsont, baloldali, cranidlis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Jynx torquilla
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Plate 5.

Tdblakép 5.

A. Ulna, right side, dorsal surface: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dend-
rocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius;
7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Ulna, right side, medial surface: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dend-
rocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius;
7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

A. Singcsont, jobboldali, dorsélis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Singcsont, jobboldali, mediélis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla
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Plate 6.

Tdblakép 6.

A. Carpometacarpus, left side, ventral aspect: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla.

B. Phalanx proximalis digiti majoris, left side, dorsal aspect: 1. Dendrocopos major; 2. Dend-
rocopos medius; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus;
6. Dryobates martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

A. Kézkozépcsont, baloldali, ventrélis nézet: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla.

B. II. jj, 1.ujjperc, baloldali, dorsélis nézet: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla
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Plate 7.

Tdblakép 7.

A. Femur, left side, caudal aspect: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dend-
rocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius;
7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Tibiotarsus, left side, cranial aspect: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

A. Combcsont, baloldali, caudélis nézet: 1. Dendrocopos major; 2. Dendrocopos medius;
3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Labszércsont, baloldali, cranidlis nézet: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla
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Plate 8.

Tablakép 8.

A. Tarsometatarsus, left side, dorsal aspect: 1. Dendrocopos major; 2. Dendrocopos medi-
us; 3. Dendrocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates
martius; 7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Claw, lateral aspect: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dendrocopos mi-
nor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Picus canus; 7. Picus viridis; 8. Pi-
coides tridactylus; 9. Jynx torquilla

A. Csuid, baloldali, dorsélis nézet: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dend-
rocopos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Dryobates martius;
7. Picus canus; 8. Picus viridis; 9. Picoides tridactylus; 10. Jynx torquilla

B. Karomcsont, oldalsé nézet: 1. Dendrocopos major; 2. Dendrocopos medius; 3. Dendro-
copos minor; 4. Dendrocopos leucotos; 5. Dendrocopos syriacus; 6. Picus canus; 7. Picus viri-
dis; 8. Picoides tridactylus; 9. Jynx torquilla
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Respectively to skeletal parts, their characteristics are the following:

1. Mandibula (Plate 2):

— a. the tip of the beak is:

— very short: Jynx

— short: Picus

—long: Dendrocopos, Dryobates, Picoides
—b. the recess between the stems is:

—ovoid: Jynx, Picoides, Picus

— ovoid, with recess in the middle: Dendrocopos, Dryobates
— c. the stem is:

— very long: Jynx

—long: Picus

— short: Dendrocopos, Dryobates, Picoides

2. Coracoideum (Plate 34):
— a. the processus acrocoracoidalis is:
— straight, clublike: Picus
— medially protuberant: Dendrocopos, Dryobates
— medially pointening in a hook shape: Jynx, Picoides
—b. the medial part of the sternal end is:
— short and pointed: Dendrocopos major, D. minor, D. syriacus, Dryobates
— shortly protrusive: Picus
— protractedly protrusive: Dendrocopos leucotos, D. medius, Jynx, Picoides
— c. the lateral part of the sternal end:
— curves downward sharply: Picoides
— curves upward sharply: Picus
— curves downward bluntly: Dendrocopos leucotos, D. medius, Jynx
— straight: Dendrocopos major, D. minor, D. syriacus, Dryobates

3. Scapula (Plate 3B):

— a. the lateral projection is:
— cone-shaped: Dendrocopos
— curved, sharp: Dryobates
— thick, with a cut-off end: Picus
— narrow, long: Jynx, Picoides

—b. the dorsal projection is:
— cone-shaped: Dendrocopos, Dryobates, Jynx, Picus
— long, narrow: Picoides

4. Humerus (Plate 4):
— a. the crista biccipitalis is:
—rounded: Dendrocopos
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— cone-shaped: Dryobates, Jynx, Picus

—b. the processus supracondylaris dorsalis is:
—rounded: Jynx, Picus
— slightly protruding cone shape: Dendrocopos
— strongly protruding cone shape: Dryobates

5. Ulna (Plate 5):

—a. olecranon:
— pointed cone: Dendrocopos medius, D. syriacus, Jynx
— blunt cone: Dendrocopos minor, Dryobates, Picoides, Picus
— straight: Dendrocopos major, D. leucotos

—b. cotyla dorsalis:
— pointed cone: Dendrocopos, Dryobates, Picoides, Picus
— straight: Jynx

— c. the tuberculum carpale is:
—rounded: Dendrocopos minor, D. syriacus, Picus
— strongly protruding: Dendrocopos major, D. medius
— slightly protruding: Dendrocopos leucotos, Dryobates, Jynx, Picoides

6. Carpometacarpus (Plate 6A4):
— a. the trochlea carpalis is:
— simple: Dendrocopos
— double: Dryobates, Jynx, Picoides, Picus
—b. the processus extensorius is:
— straight, with a rounded end: Dendrocopos leucotos
— straight blunt cone: Jynx
— oblique with a cut-off end: Picus
— oblique with a rounded end: Dendrocopos major, D. medius, D. minor,
D. syriacus, Dryobates, Picoides
— c. the distal end of the metacarpus major is:
— straight, wavy: Dendrocopos leucotos, Jynx
—rounded: Dendrocopos major, D. medius, D. minor, D. syriacus
— oblique: Dryobates, Picoides, Picus

7. Phalanx proximalis digiti majoris (Plate 6B):
—a. the proximal end is:
— straight, wavy: Jynx
— oblique: Dendrocopos, Dryobates, Picoides, Picus
—b. the distal end is:
— straight: Picus canus
— protruding: Dendrocopos, Dryobates, Jynx, Picoides, Picus viridis
— c. the distal end of the dorsal side is:
—rounded: Jynx
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— cone-shaped: Picus viridis
— straight: Dendrocopos leucotor, D. syriacus, Dryobates, Picoides, Picus canus
— oblique: Dendrocopos major, D. medius, D. minor

8. Femur (Plate 74):
— a. the condylus lateralis is
— laterally rounded: Dendrocopos minor, D. syriacus, Jynx, Picoides
— laterally protruding: Dendrocopos leucotos, D. major, D. medius, Dryobates,
Picus canus, P. viridis

The morphological homogeneity is significant in the case of this skeletal part. What differs
is the relative length of the diaphysis: it is long and slim in the Jynx, medium length in the
Picus, while shorter in other genera.

9. Tibiotarsus (Plate 7B):
— a. the tuberositas retinaculi is:
—well-developed: Dendrocopos leucotos, D. major, D. medius
— moderately developed: Dryobates, Jynx, Picoides, Picus
—undeveloped: Dendrocopos minor, D. syriacus

Homogeneity is significant in the case of this skeletal part. In case of Dendrocopos syriacus
and the Dryobates, a protrusion can be located above the epicondylus medialis. The diaphy-
sis of the Jynx is long and slim, that of the Dryobates, however, is relatively short and thick-
set, whereas in case of the other genera, it is medium-size.

10. Tarsometatarsus (Plate 8A):
— a. trochlea metatarsi I1I:
— pointed: Dendrocopos major, D. medius, D. minor, Dryobates, Picoides
—rounded: Dendrocopos leucotos, D. syriacus, Jynx, Picus
—b. trochlea metatarsi [V.:
— semicircular: Dendrocopos minor, D. leucotos, Picoides, Picus
— ovoidal: Dendrocopos major, D. medius, D. syriacus, Dryobates, Jynx

This bone is the most typical skeletal part of the Picidae, i.e. on the distal end of the cau-
dal side of the tarsometatarsus and on the medial side of the trochlea, a well-developed,
spur-like rowel can be found. This is none other than the trochlea metatarsi I. (¢). In case
of other bird species, the . metatarsus holding the first finger is not grown to the tarsome-
tatarsus, while for the Picidae, it is, and its trochea leans forward between trochlea meta-
tarsi I1. and III. This is also valid for the Picoides and the Jynx, even though the Picoides
have three fingers.

11. Distal phalanx (Plate 8B):
— a. the tuberculum extensorium:
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— leans toward the apex: Dendrocopos major, D. minor, D. leucotos. Picoides
— leans forward: Dendrocopos medius, D. syriacus, Picus, Jynx
—b. the cotyla articularis is:
— symmetrically concave: Dendrocopos medius, D. minor, D. leucotos,
D. syriacus, Picus, Jynx
—asymmetrically concave: Dendrocopos major, Picoides
— c. the tuberculum flexorium is
— cone-shaped: Picoides
— protruding, rounded: Dendrocopos leucotos, D. medius
— protruding, prismatic: Dendrocopos major, D. minor, D. syriacus, Picus
— flattened: Jynx

The fact that the distal phalanges of the 4 toes can differ in size and somewhat in appearance
has to be taken into account. Thus, the characteristics presented here are provided for infor-
mation purposes only, as well as their lengths in the size chart. The Picoides only has 3 dis-
tal phalanges respectively to the three toes. We did not have the opportunity to examine the
distal phalanges of the Dryobates, since they were not present on the single skeleton found
in the collection.

Name
TL-mand
TL-corac

TL-scap.
TL-hum
TL-ulna
TL-cmcp.
TL-ppdm
TL-fem
TL-tibts
TL-tmts
TL-p.ung.

Dryobates martius 71.12 | 4041 | 3241 | 53.81 | 62.51 | 31.41 | 18.52 | 42.51 | 51.31 | 35.31
Dendrocopos major 35.65 | 27.21 | 22.51 | 33.51 | 40.31 | 20.31 | 10.94 | 25.61 | 38.61 | 25.51 | 6.44
Dendrocopos medius | 34.11 | 21.01 | 19.41 | 28.81 | 34.21 | 1831 | 10.56 | 20.21 | 32.31 | 21.06 | 6.61
Dendrocopos minor 2047 | 17.06 | 13.53 | 20.01 | 24.01 | 1141 | 6.77 | 16.06 | 24.31 | 15.01 | 5.05
Dendrocopos syriacus | 35.88 | 27.24 | 22.48 | 32.57 | 40.69 | 18.51 | 9.94 | 23.59 | 35.84 | 24.01 | 5.23
Dendrocopos leucotos | 39.58 | 31.81 | 25.91 | 38.65 | 43.81 | 22.58 | 10.53 | 29.29 | 40.66 | 27.55 | 6.82

Picus viridis 5521 | 31.21 | 27.01 | 35.71 | 44.06 | 21.51 | 12.96 | 28.81 | 41.71 | 26.31 | 9.64
Picus canus 51.03 | 30.21 | 27.02 | 36.21 | 42.41 | 2042 | 11.06 | 28.51 | 41.21 | 26.51 | 9.31
Picoides tridactylus 3641 | 2596 | 20.71 | 30.01 | 3561 | 1853 | 9.98 | 24.63 | 33.89 | 22.71 | 7.66
Jynx torquilla 25.84 | 20.81 | 2431 | 23.21 | 26.08 | 16.12 | 9.07 | 19.88 | 31.63 | 19.73 | 6.65

Table 1. Size table of recent woodpeckers

Abbreviations: TL-mand. - total lenght of mandible in mm; TL-corac. - total lenght of coracoid;
TL-scap. - total lenght of scapula; TL-hum. - total lenght of humerus; TL-uln. - total lenght of ulna;
TL-cmcp. - total lenght of carpometacarp; TL-ppdm. — total lenght of phalanx proximalis digiti majo-
ris; TL-fem. — total lenght of femur; TL-tibts. - total lenght of tibiotars; TL-tmts. - total lenght of tarso-
metatars; TL-p.ung. - total lenght of phalanx ungularis

1. tabldzat A recens harkalyok mérettablazata

Roéviditések: TL-mand. - allkapocs teljes hossza mm-ben; TL-corac. — holl6csércsont teljes hossza;
TL-scap. - lapocka teljes hossza; TL-hum. - felkarcsont teljes hossza; TL-uln. — singcsont teljes hosz-
sza; TL-cmcp. — kézkdzépcsont teljes hossza; TL-ppdm. — II. kézujj, 1 ujjpercének teljes hossza; TL-fem.
- combcsont teljes hossza; TL-tibts. — labszarcsont teljes hossza; TL-tmts. — cslid teljes hossza; TL-p.
ung. - karomcsont teljes hossza
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Summary Different experiences from the past may have influence on individual’s behaviour through feedback mecha-
nisms that can weaken or preserve the within-individual consistency of behavioural traits. Here, we aimed to find evi-
dence for such feedback mechanisms that may operate on risk-taking behaviour via the effect of former experience to
potential predation events in male Collared Flycatchers (Ficedula albicollis). We predicted that risk-taking of males
would decrease after experiencing a predator’s attack in previous breeding seasons (negative feedback). We assessed
risk-taking by flight initiation distance (FID) that is the distance at which an individual flees from an approaching pre-
dator, which was estimated for 234 individuals from different breeding seasons. Information on predation experience
(i.e. occurrence of nest predation, the incidence of capture by human observers) was available from our long-term da-
tabase on individual life histories. In a horizontal approach, we found no difference in FID when comparing males with
former experience to predation with males naive to predators. A longitudinal approach relying on the repeated tests of the
same individuals from different years yielded analogous results, we could not show a significant change in the risk-ta-
king behaviour of the males as a consequence of experience to predation in past years. However, we found that individu-
als systematically took less risk over the years, which might be a consequence of acquiring general experience with age.

Keywords: feedback mechanisms, predation, human handling, flight initiation distance

Osszefoglalas A kiilonbozé multbéli tapasztalatok visszacsatolasos mechanizmusokon keresztiil hatassal lehetnek az
egyedek személyiségére, mert az ilyen visszajelzések gyengithetik vagy konzervalhatjak az egyedek viselkedésének
konzisztencigjat. Kutatasunkban visszacsatolasos mechanizmusok létezésére kerestiink bizonyitékot a multbéli predaci-
6s események egyedek kockazatvallalo viselkedésére gyakorolt hatasanak vizsgalataval him 6rvos 1égykapok (Ficedula
albicollis) esetén. Predikcionk szerint a korabbi predacios tapasztalattal rendelkezd himek kockazatvallaldsa csokken a
predacios eseményt kovetd koltések soran (negativ visszacsatolas). Az egyedek kockazatvallalo viselkedését a menekii-
lési tavolsaggal (FID, Flight Initiation Distance) becsiiltikk meg, ami azt a tavolsagot jelenti, amelynél a madar elrepiil az
6t megkozelité ragadozo eldl. Az egyedek predacios multjanak feltérképezéséhez a hosszl tava koltési adatbazisunkat
hasznéltuk. Osszehasonlitva a predaciés multtal rendelkezé és nem rendelkezé himek FID adatait (horizont4lis megkd-
zelités), eredményeink alapjan a predacios tapasztalattal biro egyedek és naiv tarsaik kockazat vallalasaban nem tudtunk
kiilonbséget kimutatni. Az egyedek kiilénbozé évekbol szarmazo ismételt mérésén alapul¢ vizsgalatai (longitudinalis
megkozelités) esetében sem tudtunk szignifikans kiilonbséget kimutatni a predacios tapasztalat alapjan elkiiloniil6 egye-
dek kockazatvallalo viselkedése kozott. Azonban azt talaltuk, hogy az egyedek szisztematikusan kisebb kockazatot val-
lalnak az évek mulasaval, ami a korral torténo altalanos tapasztalatszerzésnek lehet a kovetkezménye.

Kulcsszavak: visszacsatolasos mechanizmusok, predacio, emberi kezelés, menekiilési tavolsag
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Introduction

In the field of behavioural ecology, recent studies have discovered that there are consistent
differences in behaviour among individuals within a population. Such variations describe
animal personality, and have important evolutionary implications (Bell 2007). Behaviour
can be considered consistent within an individual if it reacts similarly and displays more
or less the same behavioural responses in different temporal and environmental contexts
(Sih et al. 2004, 2012). However, behaviours can also vary within individuals, and such
flexible responses could help animals to cope adaptively with the changing environmental
conditions (behavioural plasticity, Dingemanse et al. 2009).

Animal personality and behavioural plasticity could be influenced by experiences
through feedback mechanisms (Stankowich & Blumstein 2005). The future state of the
individual could be affected by its current behaviour through experience, either in a ne-
gative or a positive way by further weakening or preserving the consistency of the gi-
ven behaviour (Luttbeg & Sih 2010). For instance, if an individual is bolder, it may show
more courage to protect the nest from an approaching predator. By defending the nest suc-
cessfully, the individual could increase its reproductive success which permits the main-
tenance of the bold behaviour towards other predators (positive feedback, Sih 2011).
However, being bolder may lead to injuries when defending the nest from predators thus
jeopardizing the future survival of the offspring and the individual as well (negative feed-
back). Therefore, relying on past experiences, an individual has to optimise the expres-
sion of its particular behaviour in order to find the balance between the benefits and the
costs in predatory situations.

In behavioural ecology, different behavioural traits can be classified into categories ac-
cording to the underlying ecological challenge (Reale et al. 2007). One of these major do-
mains is the risk-taking domain, which defines how individuals react in a predatory or in
other risky situations, and it bears with a strong evolutional and ecological significance.
Risk-taking behaviour has been shown to have fitness consequences between individu-
als (Smith & Blumstein 2008). Bolder individuals in various species have higher repro-
ductive success than their shier conspecifics, but they have a shorter lifespan (Reale et al.
2000, Korhonen et al. 2001). Like other behavioural traits, risk-taking behaviour can be
consistent and plastic at the same time within individuals. Individuals depict behaviour-
al reaction norms, which show how behaviour changes within individuals along an envi-
ronmental gradient. The slope of these reaction norms indicates plasticity, while a sys-
tematic difference in their intercepts signifies consistent behavioural differences among



K. Krenhardt, G. Marko, E. Szasz, M. Jablonszky, S. Zsebok, 117
J. Torok & L. Zs. Garamszegi

individuals. The most common influential factors that have been identified to trigger plas-
tic risk-taking behaviour are predation (e.g. density of predators, Brown et al. 2005), the
phase of the breeding season (Montgomerie & Weatherhead 1988) and the physiological
condition of the individual such as parasite infections (Meller & Nielsen 2007) or testos-
terone level (Martins et al. 2007). As risk-taking behaviour can show remarkable plastici-
ty, it can be hypothesized that former experiences induced by different stimuli influence
the future risk-taking strategies of individuals through feedback mechanisms. Positive ex-
periences may facilitate the maintenance of the current risk-taking behaviour as the indi-
vidual can benefit from it, while experiences decreasing future reproductive success will
alter the individual’s risk-taking decisions.

Individual risk-taking can be measured as flight initiation distance (FID, Ydenberg &
Dill 1986, Blumstein 2003) in different taxa, which is an inverse scale quantifying the dis-
tance at which a prey individual starts to flee when a predator is approaching. Collared
Flycatchers (Ficedula albicollis) are proven to be a good model species to study risk-ta-
king behaviour, as FID varies at the between-individual level, and individual-specific es-
timates of FID correlate with other behavioural traits like aggression in a Hungarian po-
pulation (Garamszegi et al. 2015). In contrast to considerable within-year repeatability,
between-year repeatability appeared to be low, which raises the question whether indivi-
duals can adaptively change their risk-taking behaviour from one year to the next, and
such plasticity in FID can be attributed to former experiences to predation.

The aim of the present study was to explore the relationship between the risk-taking
behaviour of male flycatchers and former experience to predation based on two differ-
ent approaches (Gil ez al. 2001, Van De Pol & Verhulst 2006). First, in a horizontal app-
roach, we compared FID across individuals based on the presence or absence of for-
mer experience to predation. Such a horizontal approach, based on individual-specific
(phenotypic) mean estimates does not allow discriminating the within-individual and be-
tween-individual effects statistically (Dingemanse & Dochtermann 2013, Garamszegi et
al. 2013). Therefore, second, we also applied a longitudinal approach, in which we com-
pared FID within the same males that were tested more than once during the study years,
prior and after a predation event. We considered two stressful stimuli that can potentially
contribute to the experience to predation. We distinguished 1) whether individuals experi-
enced any predation event at their nests during their life; and ii) whether individuals ex-
perienced any stress due to capturing and handling by humans during the standard ring-
ing protocols. For the horizontal approach, we predicted that if former experience works
as negative feedback, then males with experience to any of the two stimuli would take
less risk compared to their naive conspecifics, so their FID would be higher. In case of
the longitudinal analysis, we predicted that males experiencing nest predation or human
handling between the two behavioural tests will generally take less risk in the second test
compared to naive males.
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Material and Methods

Study area and model species

Our research was carried out in the Pilis Mountains, Hungary. The study area is within an
unmanaged, mainly oak-dominated, continuous woodland, which is protected by the Du-
na-Ipoly National Park. There are around 800 nest boxes on the study plots, where our mod-
el species, the Collared Flycatcher breeds together with other hole-nesting passerines such
as the Great Tit (Parus major) and the Blue Tit (Cyanistes caeruleus). The populations of
these small passerine birds have been regularly monitored since 1983 (Torok & Toth 1988).
The Collared Flycatcher nests naturally in tree cavities, and is a long-distance migratory
species arriving to our breeding site from Africa in the middle of April. Male Collared Fly-
catchers arrive earlier than females, and compete for the best territories. Males and females
do not differ in size, but they show sexual dimorphism in terms of feather colouration. Both
sexes bear white wing patches, which are condition-dependent ornaments signalling indi-
vidual quality (Torok e al. 2003, Hegyi ef al. 2008), while only males have a white fore-
head patch, which also has a signal function. It signals the physical condition of the indi-
vidual, and it plays an important role in mate choice (Hegyi et al. 2010). Males with bigger
forehead patches tend to find a mate earlier during courtship than males with smaller fore-
head patches.

Field work

For this study, we used data from nine years, from 2007 to 2015, in which we assessed the
risk-taking behaviour of males by measuring FID (Garamszegi et al. 2009). We collect-
ed data only from males, because during courtship only their behaviour can be assessed
around the nest-box, while a similar procedure cannot be established for females. The as-
sessment of risk-taking started with provoking the focal male into a territorial dispute by
placing a decoy male flycatcher in a small cage as an intruder on the focal male’s terri-
tory (by doing so we achieved that each focal bird was engaged in the same background
behavioural activity before assessing FID). When the focal male was observed on the stim-
ulus cage, the observer began to approach it from about 30 m, until it took notice of the
presence of the potential predator, and flew away from the decoy’s cage. If the resident
male returned to continue the territorial dispute within 1 minute, the experimenter proceed-
ed walking towards the focal bird. The process was repeated up to the point where the fo-
cal male did not come back anymore to the cage within a minute (all individuals returned
at least once). FID was measured by the number of steps (approx. 1 m) between the decoy’s
cage and the last position of the observer where the male did not return. After the behaviou-
ral tests, we caught the males at their nest boxes by using conventional spring traps and
ringed them for long-term identification.

We considered two different stressful stimuli as components of predation experience in
the analyses. In one hand, we specified whether the tested individual suffered nest preda-
tion (former experience to predators). We considered a nest predated if any of the following
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events were detected during the standard nest box monitoring between egg laying and
chick-feeding period: nest structure was disarranged and/or nest material was pulled out of
the nest box and/or torn feathers covered the surroundings. The most common nest predators
of flycatchers are stoats, weasels, martens and woodpeckers (Lundberg & Alatalo 1992).
On the Hungarian study site, flycatcher nests are mainly predated by small mammalian nest
predators such as weasels, martens and cats. On the other hand, we defined whether the male
flycatcher experienced any incidence of human handling prior to the behavioural test. Every
male wearing a ring for identification was considered experienced to handling, as males al-
ways have to be captured for ringing. We used our long-term database to determine the his-
tory of these events within each male’s lifetime.

Statistical approaches

We studied the relationship between experience to predation (true predator or human hand-
ling) and risk-taking behaviour using two different approaches. In the horizontal approach,
we aimed to capture the presence of the feedback mechanism by comparing FID of males
with former experience to predation or human handling to FID estimates of males naive to
predators or humans, sampling the whole population. In this case, we could utilize a larger
sample size (N=234). In the longitudinal approach, we focused on males, for which we had
repeated FID estimates from different years. In this sample, we determined how the FID va-
lue changed between the two tests of the same individuals. Furthermore, we assessed whe-
ther this change differed between experienced and naive males with respect to predation. In
the case of experience to nest predation, the sample size was 16, while the sample size was
19 when the former experience was related to human handling. In these longitudinal tests,
we used different groups of individuals for each type of experience (naive to either nest pre-
dation or human handling), as control reference (N=10 and N=7 respectively).

We used general linear mixed models to determine the possible role of a life-threatening
experience on individual risk-taking decisions. We used the log10-transformed form of FID
in all statistical analysis to ensure the normal distribution of model residuals. We run three
different statistical models. In the horizontal approach, the model contained the experiences
to predation and human handling, the age of the individuals and the day when the test was
carried out as predictors. We included random factors in the model to control for the hierar-
chical structure of the data. We used the same decoy bird in several experiment to provoke
aggressive behaviour before the assessment of FID, thus we used the ring number of decoy
males as a random factor (N=36 decoy males). In a few cases, we had multiple data from the
same individual, thus we also entered the ring number of tested males to control for pseu-
doreplication (note that within-individual and temporal order effects are tested in the longi-
tudinal model). Finally, we considered observer and year effects to partition variance com-
ponents in the model via the appropriate random factors. In our dataset, there were several
naive males not experiencing any predation events (N=211) that could all be used as con-
trols, but these controls could have different association with males experiencing nest pre-
dation. We discriminated between historical and true controls (Kramer & Font 2015) based
on whether they were tested on the same day as the experienced males. To achieve this we
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created a new binary variable, named ‘day code’, characterising whether naive individu-
als in the analysis were tested on the same day or not with regard to the experienced males.
This variable was used as random factor to model historical and true controls. In the longi-
tudinal approach, we defined two models based on the type of experience, which contained
the experience itself, the relative order of the two behavioural tests, and the age of the males
as predictors. We entered the same random effects in these models than in the previous one.

We used likelihood ratio tests to determine %> and p-values corresponding to particular
predictors (achieved by comparing models including and lacking the respective predictor).
As the main question of our research was to investigate whether former experience has any
effect on the risk-taking behaviour of the males when controlling for the effects of poten-
tially interfering factors, primarily we were interested in the full model and accordingly we
did not perform further model selection for the fixed effects (we note however that if we ex-
clude non-significant terms from our models, the main findings of the study do not change
with respect to those we report below). Concerning the random effects, we simplified our fi-
nal models by excluding terms that had lower variances than 0.001.

Before interpreting the model outputs, we performed appropriate model diagnostics to de-
termine whether all the necessary model assumptions were valid by checking the normal
distribution of model residuals with g-q plots, checking the normality of the random effects
and inspecting multicollinearity by calculating VIF (O’Brien 2007). All statistical analyses
were performed in R statistical environment (R Development Core Team 2015) using ‘/me4’
package (Bates et al. 2015).

Results

Horizontal approach

The results of the statistical model built to test the effects of former experience on risk-ta-
king behaviour are given in Table 1. We found no significant difference in FID between
males with and without former experience to predation. Males experiencing nest preda-
tion at least once in their lifetime did not take less risk during the tests than their conspeci-
fics that were naive to predators. The experience to human handling also had no significant
effect on FID. Ringed males did not tend to be more cautious than males without experi-
ence to humans. Similarly, the date of the test had no significant effect on risk-taking be-
haviour. On the other hand, the FID estimates depended significantly on the age of the in-
dividuals, older males taking less risk than younger conspecifics. We excluded the ring of
the tested males, the observer and the day code from the random factors because of their
low variance (<0.001).

Longitudinal approach

Studying the relationship between experience to predation and risk-taking behaviour of re-
peatedly tested males, we found no significant effect of former experience on FID (Figure 1,
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Predictor variables B(SE) t LRT x2 P
experience to predation 0.031 (0.069) 0.447 0.185 0.667
experience to handling 0.019 (0.045) 0.265 0.094 0.759
date 0.0003 (0.004) 0.073 0.001 0.977
age 0.036 (0.017) 2.158 4.826 0.028
Random effects Variance ::’?:t?;:

male decoy 0.004 0.066

year 0.005 0.070

residual 0.077 0.278

Table 1.  The results of the horizontal analysis representing the relationship between flight
initiation distance (FID) and the examined predictor variables: the experience to
predation and human handling, the day when the tests were carried out and the age of
the males. The random factors in this model were the ring of the male decoys and the
year when the tests were carried out. P-values are shown based on likelihood ratio tests
(LRT). N=234

1. tdbldzat A multbéli tapasztalatok és a menekulési tavolsag (FID) kozotti kapcsolat horizontélis
megkozelités esetén. A modellben magyarazo valtozoként szerepel a predaciés mult, az
emberi kezelésbél szarmazo tapasztalat, a tesztek datuma (nap) és a himek kora. Random
véltozéként a csali him gy(r{iszdma és a kisérlet éve szerepel. A P-értékek a likelihood-
hanyados tesztekbdl (likelihood ratio test) szarmaznak. N=234

Table 2). However, the order of the tests was a significant predictor of risk-taking in case of
experience to predation with increasing FID values from year to year. In this model, the FID
estimates did not depend significantly on the age of the individuals. We excluded the ring
of the decoy male, the year, the observer and the day code as their variance was lower than
0.001. The results of the other model studying experience to human handling showed that
males experiencing human handling did not take significantly less risk than their conspeci-
fics without experience (Figure 2, Table 3). Neither the order of the tests, nor the age of the
individuals correlated significantly with the FID estimates. We excluded the ring of the de-
coy male, the year, the observer and the day code because of their low variance (<0.001).

Discussion

In this study, we investigated the relationship between former experiences to potentially
life-threatening stimuli and risk-taking behaviour in male Collared Flycatchers. The main
hypotheses were that individuals with experience to predation or human handling would
take less risk than their naive conspecifics. We found no evidence that former experience
to predation had any effect on the risk-taking decisions, neither in the horizontal, nor in the
longitudinal approaches. When studying the effect of experience to human handling, we got
the same results as mentioned above. However, in the horizontal analysis the risk-taking be-
haviour of the males depended on their age.
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1st test Nest predation 2nd test

The changes in the flight initiation distance (FID) of flycatcher males that were repeatedly
tested in two consecutive years. The triangles and dashed lines represent males with
experience to predation, while the circles and continuous lines describe individuals naive
to predators

1.dbra A FID valtozasa a két kiilonb6z6 évben elvégzett teszt kozott. A predacids multtal rendel-
kezé egyedeket haromszoggel és szaggatott vonallal, a predacids multtal nem rendelkezé
egyedeket pedig korrel és folytonos vonallal jel6ltiik
Predictor variables B(SE) t LRT x2 P
experience to predation 0.037 (0.090) 0.406 0.188 0.664
order 0.181 (0.079) 2.302 4.446 0.035
age 0.011 (0.028) 0.389 0.229 0.632
Random effects Variance Star-rdz:xrd
deviation
ring 0.012 0.111
residual 0.034 0.184
Table2.  The results of the longitudinal analysis representing the relationship between flight ini-

tiation distance (FID) and the examined predictor variables: the experience to predation,
the chronological order of the tests and the age of the males. The random factor in this
model was the ring of the tested males. P-values are shown based on likelihood ratio
tests (LRT). N=16

2. tdbldzat A predacids mult és a menekuilési tavolsag (FID) kozotti kapcsolat az egyedek ismételt

mérése esetén. A modellben magyardzé véltozoként szerepel a predacids tapasztalat, a
tesztek sorrendje és a himek kora. Random vaéltozéként a tesztelt him azonositdja szere-
pel. P-értékek a likelihood-hanyados tesztekbdl (likelihood ratio test) szarmaznak. N=16
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Figure 2. The changes in the flight initiation distance (FID) of flycatcher males that were repeatedly
tested in two consecutive years. The triangles and dashed lines represent naive males with
no experience to human handling, while the circles and continuous lines describe experi-
enced individuals

2.dbra A kockazatvallalé viselkedés valtozésa a két kiilonb6z6 évben elvégzett teszt kozott. A gyu-
rtivel nem rendelkezé egyedeket hdromszdggel és szaggatott vonallal, a gytr(vel rendel-
kezé egyedeket pedig korrel és folytonos vonallal jel6ltiik

Predictor variables B(SE) t LRT x2 P
experience to handling 0.135(0.077) 1.738 3.263 0.071
order 0.127 (0.074) 1.722 3.129 0.077
age -0.0004 (0.023) -0.018 0.0002 0.988
Random effects Variance ::’?:t?;:

ring 0.001 0.028

residual 0.037 0.193

Table3.  The results of the longitudinal analysis showing the relationship between flight initia-
tion distance (FID) and the examined predictor variables, the former experience to hu-
man-handling, the chronological order of the tests and the age of the males. In this mo-
del the random factor was the ring of the tested males. P-values are shown based on
likelihood ratio tests (LRT). N=19

3. tdbldzat Az emberi megfogdsbdl szarmazo tapasztalat és a menekiilési tavolsag (FID) kozotti kap-
csolat a longitudindlis elemzés esetén. A modellben magyarazé véltozéként szerepel a
multbéli tapasztalat emberrel, a tesztek sorrendje és a himek kora. Random valtozoként a
tesztelt him azonositdja szerepel a modellben. P-értékek a likelihood-hanyados tesztek-
bél (likelihood ratio test) szarmaznak. N=19
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In the horizontal approach, we investigated the between-individual component of the phe-
notypic change in risk-taking behaviour. Using all available data, we could operate with a
bigger sample size and thus we were able to search for patterns in risk-taking behaviour
in general based on former experience. As the horizontal approach could not give infor-
mation about within-individual changes, we applied a longitudinal approach to separate
the between- and within-individual effects of the risk-taking behaviour. In this case, we
could focus on the within-individual changes but we had to operate with a smaller sample
size. Despite of the two different statistical approaches, neither proved that a negative feed-
back mechanism via former experience to predation or human handling would mediate the
risk-taking behaviour of male flycatchers, as individual experience to any of the two stimu-
li did not predict FID estimates.

For the lack of any effect of the experiences on risk-taking behaviour, we suggest the fol-
lowing explanations. In case of experience to predation, a possible reason behind our ob-
servations may be that the influence of a single predation event (that we considered in our
study) is too small to be detected in our sample by using observational data instead of per-
forming targeted experiments. For example, one event of nest predation can have no detect-
able influence on the risk-taking decisions, because the males may need repeated stimuli to
alter their behaviour as it was shown in mice (Kinsey et al. 2007). Additionally, experienced
males may not necessarily take less risk than their conspecifics naive to predation but may
also increase risk-taking (Oosten et al. 2010). Based on our observations, predators do not
always destroy the whole nest, which could be a consequence of successful nest defence of
the focal male. Saving part of the nestlings could encourage the male to take greater risk
next time when encountering a predator to save even more of its offspring. Note that in the
longitudinal approach, we operated with a relatively small sample size, so it remains plau-
sible that if we could collect more data from repeatedly tested males in the next few years,
the relationship between risk-taking behaviour and experience to predation would turn sig-
nificant.

We note that some of the non-significant effects in relation to human handling involved
biologically meaningful tendencies that fall in the expected direction (which were close to
statistical significance). This may suggest that we would need a larger sample size by re-
peatedly testing the same male in different years to make strong conclusions about these ef-
fects. In any case, this also implies that our analysis for human handling may partially suffer
from insufficient statistical power. As an explanation, it is possible that one encounter with
humans at the ringing procedure is not a sufficient stimulus to alter individual risk-taking
decisions, just like in case of real predation. Another reason for the failure of finding a sig-
nificant effect is that males were ringed far from their nest boxes at our field station, and the
ringing process did not have serious impact on the birds, thus such an experience may serve
as a weaker stimulus. It is possible that the stress connected with the ringing procedure was
not sufficient enough to alter considerably the future risk-taking behaviour of ringed males.

We found a significant relationship between the FID and the age of male flycatchers
in the horizontal approach, similarly to another study (Jablonszky et al. 2016 submitted)
showing that older individuals have higher FID values and are more cautious than their
younger conspecifics. Moreover when studying the effect of the experience to predation in
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the longitudinal approach, we were able to show within-individual changes in risk-taking
behaviour, individuals taking less risk during the second than in the first tests. In the back-
ground of these observed patterns, the following causes may stand. The relationship be-
tween risk-taking decisions and age could be explained through the process of aging. With
age, the physiology of the individual alters and its physical condition decreases (Vleck et al.
2011). For an older individual, it might be more important to pursue an energy saving stra-
tegy (Lecomte et al. 2010) thus avoiding acting bolder (Patrick et al. 2013). On the other
hand, experiences collected through the years could stand in the background of the relation-
ship as well (Dill 1974, Ydenberg & Dill 1986). An older male may be more skilful detect-
ing the approaching predator than its younger conspecifics, so it flees away earlier to avoid
the rush (Blumstein 2010).

Furthermore, the results could also be mediated by effects due to aging or experience that
are acting on aggression and not on risk-taking per se. In another study of our Hungarian
population, a relationship has been shown between the aggressive behaviour and the age of
male flycatchers. The latency of the first attack of the focal male on the cage of the stimu-
lus male was shorter in yearlings than in adult individuals, which means that older individu-
als were less aggressive (Garamszegi et al. 2006). Huntingford and his colleagues (2012)
showed a positive relationship between territorial aggression in the breeding season and
risk-taking behaviour, aggressive Three-spined Stickleback (Gasterosteus aculeatus) males
being significantly bolder than their unaggressive conspecifics. If aggression and risk-taking
behaviour depends on each other in a positive way, and aggression decreases with age, than
it is possible that risk-taking behaviour shows a similar decreasing pattern with age. More-
over, since we brought each individual into a territorial conflict prior to the assessment of
FID, it is also plausible that older/experienced individuals that did not invest heavily into
aggressive territorial defence could notice the approaching predator earlier. This mechanism
mediated by the detection of the predator would also result in longer FID in older males.

In conclusion, we did not find any significant influence of former experience to predation
or human handling on the risk-taking behaviour of male Collared Flycatchers, thus we were
unable to provide support for a negative feedback mechanism. However, in the horizontal
approach, we found an age effect indicating that older individuals decrease their risk-taking
over the years, which might be a consequence of aging or experience.
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Abstract Understanding the migration routes of the Central European Spoonbill population is important for their
conservation. Here we analysed movements of 3186 individuals of Eurasian Spoonbills marked with colour rings
in the Carpathian Basin (Hungary, Croatia and Serbia) between 2003 and 2015, and a satellite tagged individual,
which was equipped in Italy in 2013, and later moved to the Carpathian Basin. Migration routes of these Spoon-
bills predominantly followed the Adriatic Flyway, however, some birds were also found to both east and west
from this flyway. We identified 59 stopover sites, 55 of which were located along the Adriatic Flyway. Colour-
ringed juveniles (1cy), on average, spent 4.0+0.9 (SE) days on the stopover sites along the Adriatic Flyway dur-
ing autumn migration, while non-juveniles (> 1cy) spent 2.6+1.0 (SE) days during autumn and 2.1+0.4 (SE) days
during spring migration there. These durations were not significantly different. Duration of stops of the satellite
tracked individual was between 7 and 15 days during autumn and between 1 and 12 days during spring migration.
Our results indicate the existence of two alternative routes of the Adriatic Flyway between the Carpathian Basin
and the wintering areas in southern Italy and the central part of coastal North-Africa. The North-Adriatic Flyway
includes stopover sites in north-eastern Italy at the river mouth of River Isonzo, Lagunes of Venice and wetlands
around River Po. The South Adriatic Flyway leads through the Balkan Peninsula, with stopover sites at the karst
lakes of Bosnia and Herzegovina, mouth of the river Neretva (Croatia), Ulcinj Salinas (Montenegro) and wetlands
in Gulf of Manfredonia (Italy). This hypothesis was also supported by the migration of the satellite tagged indi-
vidual, the paths of which was described here in detail. The average coordinates of spring and autumn stopover
sites were located at different parts of the flyway: it was in south-western Italy during autumn migration, while it
was close to the western coast of the Balkan Peninsula during spring migration. We found examples for Spoon-
bills using the same migration paths along the same route year by year on both spring and autumn migration, but
also noticed shifts between routes. Some observations indicate that individuals may show site fidelity to stopover
sites between years, although the sample size was low for statistical significance.

Keywords: colour ring, GPS tracking, nature conservation, Black Sea/Mediterranean Flyway, Adriatic Flyway

Osszefoglalas A kanalasgémek vonulasi Gitvonaldnak ismerete lényeges a védelmiik szempontjabol. Ebben a dol-
gozatban 3186 szines gyiriivel jeldlt és egy jelados kanalasgém vonulasat elemeztiik. Ezeket a madarakat 2003 és
2015 kozott a Karpat-medencében (Magyarorszagon, Horvatorszagban és Szerbiaban) gytiriizték, mig a jeladot
2013-ban Olaszorszagban helyezt¢k fel, ez a madar kés6bb a Karpat-medencében is felbukkant. A Karpat-meden-
cei kanalasgémek vonulasuk soran elsddlegesen az adriai vonulasi utat kovették, de kisebb szamban ettdl keletre
és nyugatra is megjelentek. Osszesen 59 megallohelyet hatdroztunk meg, melybél 55 az adriai vonulasi atvona-
lon talalhatd. A szines gytiriis fiatalok dsszel atlagosan 4,0+0,9 (SE) napot toltottek a megallohelyeken az adriai
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vonulasi utvonal mentén, mig az ettdl 6regebb madarak &sszel 2,6+1,0 (SE), illetve tavasszal 2,1+0,4 (SE) nap-
ra alltak meg. Ezek az értékek nem kiilonboztek szignifikdnsan. A jelados madar dsszel 7-15, mig tavasszal 1-12
napra allt meg. Az adriai vonulasi Gton beliil két alternativ Ut létezik a Karpat-medence, illetve a dél-olaszorszagi
és észak-afrikai telelShelyek kozott. Az észak-adriai ag megallohelyei Eszakkelet-Olaszorszagban az Isonzé tor-
kolatanal, a Velencei-lagtinakon és a P6 koriili vizes élohelyeken talalhatoak. A dél-adriai ag a Balkan-félszige-
ten vezet at, megallohelyei a Bosznia-Hercegovina teriiletén elhelyezkedd karszt-tavakon, a Neretva torkolataban
(Horvatorszag), az Ulcinj (Montenegro) melletti soleparlokon talalhatoak és a Manfredoniai-6bol (Olaszorszag)
vizes ¢él6helyein. Ezt a mintézatot a jeladés madar kovetése is alatdmasztotta. Az 0szi és a tavaszi koordinatak
atlagai eltérnek: ¢sszel Délnyugat-Olaszorszagra, mig tavasszal a Balkan-félsziget nyugati partvidékére esnek.
A madarak egy része évrél-évre ugyanazon a vonuldsi agon vonul dsszel és tavasszal is, de ismert olyan egyed
is, ami két szezonban kiilonbdz6 agon vonult. Vannak a megalloteriilet-hiiségre utalo adatok, de a mintaszam ala-
csony volt a statisztikai kiilonbségek kimutatasahoz.

Kulcsszavak: szines gytiri, GPS nyomkdvetés, természetvédelem, fekete-tengeri/mediterran vonulési ut, adri-
ai vonulasi ut
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Introduction

Avian migration is a regular, endogenously controlled, seasonal movement of birds between
breeding and non-breeding areas. Migration includes two trips: from breeding grounds to
non-breeding grounds and back (Salewski & Bruderer 2007). These journeys are repeated
in the same time of the year (Newton 2008).

Three major flyways used by shorebirds have been recognised between Eurasia and Af-
rica together with the Middle East (Stroud et al. 2004). The East Atlantic Flyway runs
along the Atlantic coasts of Europe and Africa (Stroud et al. 2004, Triplet et al. 2008).
The West Asian/East African Flyway links the central Siberian tundra to the Caspian Sea,
the Middle East (especially the Gulf Region) and eastern and southern Africa (Stroud et
al. 2004, Schneider-Jacoby 2008). The Black Sea/Mediterranean Flyway joins arctic and
boreal regions with final destinations in the Mediterranean Basin and West Africa (Stroud
et al. 2004). The Black Sea/Mediterranen Flyway is used not only by shorebirds, but also
by several other waterbird species during their migration. This flyway is the only one that
crosses the Mediterranean Basin. Part of the Black Sea/Mediterranean Flyway is referred
to as the Adriatic or Central European Flyway, which is one of the most important flyways
for Central European waterbirds (Schneider-Jacoby 2008, Stumberger & Schneider-Jacoby
2010). The wintering areas of waterbirds along the Adriatic Flyway are found at the Medi-
terranean coast, mainly in Tunisia, but large number of birds may continue the migration to
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the Niger Basin after crossing the Sahara (Schneider-Jacoby 2008, Stumberger & Schnei-
der-Jacoby 2010).

Birds usually do not choose the most direct and shortest routes during their migration, but
rather fly along detours (Alerstam 2001). For example, birds preferably migrate along de-
tours to avoid crossing large barriers (desert, large mountains, sea) (Alerstam 2001, Aler-
stam et al. 2003). Several other factors affect the decision to take detours, including diffe-
rences in wind and weather conditions, availability of stopover sites, risk of predation and
starvation, drift and disorientation (Alerstam 2001).

A number of sites between breeding and non-breeding areas, called stopover or staging
sites, connect migratory paths during bird migration (Navedo et al. 2010b, Warnock 2010).
These are important for birds as feeding, drinking, moulting and resting sites (Kirby et al.
2008, Navedo et al. 2010b, Warnock 2010). These are also used during stochastic adverse
weather events as emergency sites as these areas often provide shelter for migrating birds
(Overdijk & Navedo 2012). There are three main strategies in the use of stopover or stag-
ing sites, regarding the duration of stay and the distance between sites: hopping, skipping
and jumping. Birds employing hopping or skipping strategies have short stops (often on-
ly for few of days) and relatively short subsequent flights to the next stop with relatively
low fuelling rates and fuel loads. The distance between sites can be as large as hundreds of
kilometres, with the distance covered by hoppers being shorter than that covered by skip-
pers. Areas used by birds with hopping or skipping strategies have been referred to as stop-
over areas (Warnock 2010). In contrast, jumpers that cross barriers during their migration,
where there is little chance of stopping, usually carry large amount of fuel that exceeds the
optimally predicted amounts. To accumulate this fuel, birds usually stay on staging sites for
longer periods (often for weeks), and they usually fly thousands of kilometres after depar-
ture (Warnock 2010).

Migratory waterbirds usually find only some patchily scattered stopover and staging are-
as and, the distances among these are usually relatively large. This is especially true for
long-distance migrants (Navedo ef al. 2010a, 2010b). A large number of bird species and in-
dividuals use these sites during an energetically demanding part of their annual cycle, there-
fore, it is important to identify and protect these stopover and staging sites. Additionally, con-
ditions experienced at stopover or staging sites may affect not only the success of migration,
but also future individual survival and reproduction, often referred to as carry-over effect,
with potential consequences for population dynamics (Navedo et al. 2010b, Warnock 2010).

The Eurasian Spoonbill (Platalea leucorodia) has a large breeding area spanning between
the Atlantic coast of Europe and the Pacific coast of Asia with two small populations in
sub-Saharan Africa (Triplet ef al. 2008). The Spoonbill is a specialist waterbird, largely de-
pending on the presence of wetlands with water of suitable depth, as they are able to forage
only in shallow water (Pigniczki & Végvari 2015).

A part of the Central European Spoonbill population breeds in the Carpathian Basin with
the largest population located in Hungary. Large numbers (100+ pairs) of breeders are also
found in Austria, Croatia and Serbia, while only small populations exist in Slovakia, and ir-
regular breeders in small numbers occur in western Romania (Pigniczki & Végvari 2015).
Spoonbills also breed regularly in the Czech Republic, from where birds migrate across the
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Carpathian Basin (Cepak 2008). Spoonbills from Central Europe winter mainly in Tunisia,
with a large number of wintering individuals also found in Italy. Only a few wintering indi-
viduals are known from Turkey, Greece, Egypt, Sudan, Libya, Algeria, Morocco, sub-Saha-
ran Africa between Niger and Mauritania, as well as from the Carpathian Basin (Pigniczki
2009, 2010, 2015, Kralj et al. 2012, Pigniczki & Karcza 2013).

The Eurasian Spoonbill is a characteristic species of the Adriatic Flyway (Schneider-Jaco-
by 2008, Pigniczki 2010, Kralj et al. 2012), thus Schneider-Jacoby (2008) recommended it
as one of the flagship species along this flyway to improve the protection of key sites. The
Spoonbill is an umbrella species (Pigniczki & Végvari 2015) and this increases the need for
the conservation of its habitats used around the entire annual cycle. Although its main stop-
over sites have already been identified in the northern part of West Balkan between Slovenia
and Northwest Albania (Stumberger et al. 2013), information on migration routes and other
stopover sites are still missing (Schneider-Jacoby 2008) and knowledge of the connectivity
among different stopover sites along the flyways is very limited.

The aims of this study were to (1) identify the migration routes, stopover and staging are-
as of the Central European Spoonbill population using individually marked individuals, and
(2) identify the possible connection of those wetlands.

Materials and Methods

We used resights of colour-ringed Spoonbills marked as chicks in the Carpathian Basin for
our analyses. The original database consists of 6867 recovery and resight records of 3186
individuals spanning between 2003 and 2015 in 13 cohorts. 1750 individuals were marked
in Hungary (54.9%), 751 were ringed in Croatia (23.6%), while 685 were marked in Ser-
bia (21.5%).

The colour-ringing program, started in Hungary, Croatia and Serbia in 2003 (Pigniczki
2010, Kralj ef al. 2012), has used three different types of colour-ringing schemes: (1) two
engraved plastic rings with two characters of an alphanumerical code; some possible com-
binations of six colours on the two rings; used between 2003 and 2008; (2) colour combi-
nations of six rings with a flag; six possible colours on rings; used between 2007 and 2009,
and (3) a white engraved plastic ring with three or four characters of alphanumerical code
with a possible use of a bar code; used since 2009.

Further data were obtained from an adult female equipped with a GPS-GSM transmitter
(model DUCK 3 produced by Ecotone Telemetry) and ringed with metal and an engraved
plastic ring. The bird was captured at the nest in the Comacchio lagoons in Italy in June
2013. The transmitter provided accurate information on the geographical location of the bird
once every 0.5-6 h (usually every 2 or 4 h). The sampling intervals were manually changed
via an online panel accordingly to season and location to optimise control frequency of SMS
delivery and battery usage.

We used the calendar year age category for each record as follows: a bird is one year old
(1% calendar year old, hereafter 1cy) in the year of hatching until the 31 of December that
year; two years old (in its 2™ calendar year, hereafter 2cy) after the year of hatching, and so
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on. We defined five different age-groups: one year old Spoonbills (1cy or juveniles); two and
three year old birds (2cy and 3cy or immature); four year old birds (4cy or sub-adults) and
finally, birds older than four years (4+ or adults). Our preliminary results suggest that four
year old (4cy) Spoonbills in the Pannonian population do not breed or, if they do, they breed
in very low proportions (Pigniczki 2010, Pigniczki & Végvari 2015).

Resighting data were collected opportunistically by an international network of ama-
teur and professional birdwatchers and bird photographers scattered along the flyways and
across the wintering areas. In addition, six colour-ring-reading expeditions were organised
to Tunisia between November and February to find wintering birds in 2010, 2012, 2013
(two times) and 2014 (two times), and one was targeted the western Balkans between late
September and mid-October of 2014 to check possible stopover sites. In Tunisia and Libya,
during the International Waterbird Census (IWC), special attention was given to look for
Spoonbills with colour-rings and to read the combination of colour and code.

We used stopover and wintering records of 1cy as well as records of 2cy birds seen until
the end of March, as this is the end of the first-winter period, during which birds undertake
their first migration to their wintering areas from the Carpathian Basin. We also used the re-
cords of 4cy individuals, and adults (4+), as they return to the natal area in high frequencies.
We used all the stopover records of Spoonbills from the age of 4cy, because they return to
their general natal or breeding area, the Carpathian Basin. Our observations confirmed this,
because a large proportion of subadults and adults was found in the natal area during sum-
mer, but birds from these age groups were rarely observed in the stopover zones or winter-
ing sites during breeding time. We only used the records of those immatures that returned to
their natal area in the Carpathian Basin. Movements of immature birds (2cy and 3cy), unlike
that of adults and subadults, are often not considered migratory: these individuals can stay
on the wintering grounds or move northwards, but usually do not reach their natal grounds
as they do not breed that year (Pigniczki 2009, 2015, Pigniczki & Végvari 2015). Due to
similar reasons, we excluded one record of a 4cy individual from our analysis, because that
individual was observed only in western Europe.

We used two approaches to identify migratory paths. The direct approach uses observa-
tions from the natal/breeding, stopover and wintering areas collected during the same migra-
tory season from the same year. The indirect approach defines supposed paths as observa-
tions from the natal/breeding, stopover and wintering sites of one individual from different
years. Spoonbills often show fidelity to their wintering areas after their first winter (Lok et al.
2011), and we also found site fidelity to the Carpathian Basin as breeding area (Pigniczki &
Végvari 2015), so we assumed those locations are used year by year by the same individuals.

Most of the wintering areas of Spoonbills from the Carpatian Basin are found below the
latitude of 42°N (Pigniczki 2015). A Spoonbill was treated as wintering bird in a particular
area, if: (1) it was observed between November and January at any age; (2) in the case of 2¢cy
and 3cy birds, we treated data from February and March also as indicators of wintering; and
if (3) a subadult or an adult bird was seen in October, but known to be present on the same
location for at least 50 days before or after that observation. Similarly, (4) a sub-adult or an
adult bird that was seen in February and that stayed for at least 30 days on the same location
before or after the observation was also treated as wintering record.
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Figure 1. Migration paths (lines) of Spoonbills Figure 2. Migration paths (lines) of Spoonbills

between the Carpathian Basin (n1, n2, between the wintering location (w1)
n4) and the wintering location (w1) and the Carpathian Basin (n1) including
including stopover sites (s1, s2) dur- stopover sites (s1, s3) during spring
ing autumn migration within one mig- migration within one migration season
ration season for each individual. The for each individual. The numbers after
numbers after the letters indicate the the letters indicate the number of
number of individuals individuals

1.dbra Kanalasgémek Oszi vonuldsi Utvonalai 2. dbra Kanalasgémek tavaszi vonuldsi Utvona-
(vonal) a Karpat-medence (n1, n2, n4) lai (vonal) a telel6helyek (w1) és a Kar-
és a telel6helyek (w1) kdzott a megal- pat-medence (n1) kdzoétt a megalldhe-
I6helyekkel (s1, s2), egy vonulési szezo- lyekkel (s1, s3), egy vonulasi szezonon
non bellli megfigyelések alapjén, egye- beluli megfigyelések alapjan. A jelolé-
denként. A jelolések mellett a szamok sek mellett a szdmok az egyedszamot
az egyedszamot jelentik jelentik

We classified spring stopovers where birds were observed between February and May
for subadults and adults, and autumn stopovers where records came from a period be-
tween June and October for juveniles, sub-adults and adults. These periods were used al-
so in the case of immature birds, but only for those that returned to the Carpathian Basin.

Using this approach, we analysed 201 stopover and migration records of 119 colour
ringed individuals. We obtained information on (1) both wintering areas and a single stop-
over site in the case of 34 individuals, or (2) two stopover sites in the case of five speci-
mens, or (3) two distinct wintering sites of one individual in connection with a wintering
area shift, which together allowed us to identify 42 migration paths (16 by direct approach
and 26 indirectly), as two individuals were seen at stopover sites in two different seasons.

To calculate average coordinates, we treated spring and autumn migrations separately.
Observations of the same individuals from one location were considered only once. Data
received from the bird with satellite transmitter were not included in this analysis.

When calculating the number of days spent at the stopovers, we treated two localities as
one stopover site, if the same individual was observed in both of them, and the distance
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Figure 3. Migration paths (lines) of Spoonbills Figure 4. Migration paths (lines) of Spoonbills be-

between the Carpathian Basin (n1, n2) tween the wintering location (w1, w2,
and the wintering locations (w1, w2) in- w3) and the Carpathian Basin (n1, n2)
cluding stopover sites (s1, s2, s3) during including stopover sites (s1, s2, s3) dur-
autumn migration with observations ing spring migration with observations
from different years. The numbers after from different years. The numbers after
the letters indicate the number of indi- the letters indicate the number of indi-
viduals viduals

3.dbra Kanalasgémek 6szi vonulasi utvonalai 4.dbra Kanalasgémek tavaszi vonulasi Utvona-
(vonal) a Karpat-medence (n1, n2) és a lai (vonal) a telel6helyek (w1, w2, w3)
telel6helyek (w1, w2) kdzott a megallo- és a Karpat-medence (n1, n2) kézott a
helyekkel (s1, s2, s3), kiildnb6z6 évek- megallohelyekkel (s1, s2, s3), kiilénbo-
bél szarmazd megfigyelések alapjan. z6 évekbdl szdrmazé megfigyelések
A jel6lések mellett a szamok az egyed- alapjan. A jeldlések mellett a szamok az
szamot jelentik egyedszamot jelentik

between the two localities was not more than 50 km. Spoonbills are rather mobile birds
and may cover up to 50 km between feeding sites, or between feeding and roosting sites
during their regular daily movements. It is difficult to estimate the real length of stopover
duration of colour ringed individuals, as we suppose there was no possibility for the ob-
servers to regularly follow the birds in all cases. Probably, in most occasions the observa-
tions were casual, and that is why a lot of stopover durations were detected as one-day-
long stays. Therefore these data probably do not provide exact values, but may indicate
the minimum length of stopover. We calculated the mean values and standard errors (SE)
to describe the differences between age groups (juvenile and non-juvenile) and migra-
tion seasons (spring and autumn), but the distribution of the data was not normal in any
of these cases.

We used only records raising no doubts about the circumstances of the observations.

All statistical analyses were performed using the PAST statistical software (Hammer et
al. 2001).



Cs. Pigniczki, J. Kralj, S. Volponi, A. Zuljevié, M-A. Dakhli,
T. Mikuska, H. Azafzaf & Zs. Végvari

135

Results

Colour-ringed Spoonbills

Our results suggested 16 distinct, direct migration paths of 16 individuals, which were ob-
served within one autumn or one spring migration season (Figure I, 2). Further, using the
indirect approach, from movements of 24 individuals we outlined another 26 paths during
the autumn and spring migration (Figure 3, 4, 5).

We identified 59 stopover sites of the Central European Spoonbill population of 118 indi-
viduals (this number does not include the observation of wintering area shift in West Africa).
39 stopover sites were used during autumn migration, while 24 on spring migration. Only
four of them were used on both spring and autumn migrations (Figure 6, 7).

We analysed the stopover localities of 119 individuals (including the individual which
wintered in West Africa). 55 stopover sites were identified along the Adriatic Flyway, used
by 114 individuals (95.8% of 119). Four stopover sites were found east of the Adriatic Fly-
way, used by four individuals (3.4% of 119). We know of only one individual (0.8% of 119)
that was seen on the East Atlantic coast of Africa, which started to spend its first winter in
Morocco, and was observed later in Mauritania until its 6¢y (Figure 5).

Our findings indicate the existence of two main routes in the Adriatic Flyway (Figure I, 2,
3, 4). One of them starts in the Carpathian Basin and proceeds south of the Alps to the north
of Italy, then further to Sardinia, Tunisia and
probably also to south Italy, Libya and Al-
geria, referred to as North-Adriatic Flyway.
The other route leads across the Bosnian karst
lakes, to the coastal areca between the Ne-
retva river mouth and the Bojana/Buna river
mouth, and runs further to south Italy, Tuni-
sia and probably also to north African winter-

" ing areas in Libya, referred to as South-Adri-
. atic Flyway. Records between the two main
routes across the Adriatic Sea indicate lower
importance for Spoonbill movements.

The average coordinates of the spring
(43.66°N, 15.10°E) as opposed to their au-

Figure 5. Migration route (line) of a Spoonbill
(B/W [TN]) from the Carpathian Basin
(n) with shift in its wintering locations
(w). The individual was seen in Morocco

in its first winter (juvenile), but was ob-
served as a wintering individual in Mau-
ritania in its second winter (immature)
and 6¢y-old adult age

A B/W [TN] kodu kanalasgém vonulasi ut-
vonala (vonal) a Karpat-medencébdl (n)
telel6hely-valtassal (w). Els6 telesként (fia-
tal) Marokkoban figyelték meg, de méso-
dik telesként (immatur) és hatodik naptari
éves 6reg madarként mar Mauritanidban
azonositottak mint telelé egyedet

5. dbra

tumn (40.64°N, 13.11°E) stopover sites are
different along the Adriatic Flyway (Figure
6, 7). The average spring stopover coor-
dinates are closer to the western coast of
Balkan Peninsula, while the average au-
tumn coordinates are located closer to the
south-western coast of Italy.

We have records from both the autumn
and the spring migration periods for eight
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Figure 6. Autumn stopover sites (1, 2, 3, 4, 6, Figure7. Spring stopover sites (1, 2, 3, 4, 6, 10,
10, 11) of Spoonbills between the Car- 11) of Spoonbills between the Carpat-
pathian Basin and the wintering areas. hian Basin and the wintering areas. (x)
(x) indicates average coordinates of au- indicates average coordinates of spring
tumn stopover sites. The numbers after stopover sites. The numbers after the
the symbols indicate the number of in- symbols indicate the number of indivi-
dividuals duals
6.dbra Kanalasgémek 8szi megallohelyei (1,2, 7.dbra Kanalasgémek tavaszi megall6helyei
3,4, 6,10, 11) a Karpat-medence és a (1,2,7,9) aKarpat-medence és a telel6-
telel6helyek kozt. Az (x) az 6szi meg- helyek kozt. Az (x) a tavaszi megalléhe-
alléhelyek &tlagkoordinatait mutatja. lyek atlagkoordinatait mutatja. A jel6lé-
A jel6lések mellett a szamok az egyed- sek mellett a szamok az egyedszdmot
szamot jelentik jelentik

individuals (Figure 8). Five of these birds used stopovers along the same routes: three birds
were reported from the North-Adriatic Flyway, while two from the South-Adriatic Flyway.
One bird chose the South-Adriatic Flyway and stopped exactly on the same stopover site in
the salinas of Ulcinj during its autumn and spring migration. For the last three individuals,
it was not possible to determine whether there was a shift between the spring and the au-
tumn migration paths.

Observations from stopover sites in different years were collected for only four individuals,
all of them seen during spring migration (Figure 9). Three of them had stopover sites along
the same route, and two of them were seen exactly on the same locations, or nearly at the same
sites, where they had been observed previously. In the case of the fourth individual, it was not
possible to determine if there was a shift between the two spring migration paths from one
year to the next.

We analysed 92 records of autumn and 43 records of spring stopover durations along Adri-
atic Flyway. During autumn migration (n=92) the average stopover length was 3.6+0.696
(mean+SE) days. The mean length of stay for juveniles (n=70) was 4.0+£0.856 (mean=SE)
days, whereas it was 2.6+1.023 (mean+SE) days for non-juveniles (1cy <, n=22), but the
two age groups are statistically not different with respect to stopover length (Mann-Whit-
ney test, p=0.520). The detected longest stopover duration was 35 days for juveniles, and
23 days for non-juveniles during the autumn migration. The mean length of spring stop-
over duration was 2.1+£0.398 (mean+SE) days among non-juveniles (n=43). The detected
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Figure 8. Autumn and spring stopover sites of

8.dbra

eight colour marked Spoonbills seen
during both autumn and spring migra-
tion along the Adriatic Flyway. The letter
‘a’ after ring code indicates autumn stop-
over, while the letter 's’ indicates spring
stopover. The North-Adriatic Flyway was
used by W/WI[7X], B/O[ZX] and W[J151],
while the South-Adriatic Flyway was
used by B/B[0OA] and L/L[YE] during both
spring and autumn migration. It was not
possible to determine whether there was
a shift between migration paths in the
case of YRa/RY(Bf), B/R[RB] and B/O[XC]
Nyolc szines gy(rds kanalasgém 6&szi és a
tavaszi vonulasi dllomdsa az adriai vonu-
lasi uton. Ezek az egyedek mind az 8szi,
mind a tavaszi vonulas soran megfigye-
lésre kerliltek. Az egyed kédja utén az,a”
az 6szi, mig a ,s" a tavaszi megalléhelyet
jeloli. A tavaszi és az 6szi vonulds soran
is az észak-adriai vonulasi utat hasznalta
a W/W[7X], a B/O[ZX] és a W[J151] kédu
egyed, mig a dél-adriai vonulasi uton vo-
nult a B/B[OA] és a L/L[YE] kédu példany.
AzYRa/RY(Bf), a B/R[RB] és a B/O[XC] kodu
madarak esetén nem donthet6 el, hogy
tavaszi és 6szi vonuldsuk alatt az egyik ad-
riai vonuldsi utrél valtottak-e a masikra,
vagy ugyanazon vonultak

s

m> 4+ 0

(BfaG/RLG
B/O [ND]
L/L [HE]

/L [RA]

9.dbra

Figure 9. Spring stopover sites of four individ-

uals along the Adriatic Flyway. These
individuals were seen in different years
during their spring migration. Three
individuals were observed along the
same migration route where they had
been observed previously; (Bf)aG/
RLG stopped in two years along the
South-Adriatic Flyway, while B/O[ND]
and L/L[HE] stopped along the North-
Adriatic Flyway in two and three years,
respectively. It was not possible to de-
termine whether there was a shift be-
tween migration paths in the case of
L/LIRA]

Négy szines gyurus kanalasgém tava-
szi vonulasi allomasai az adriai vonu-
lasi uton. Ezek az egyedek legaldbb
két tavaszi vonulds soran is megfigye-
|ésre kerliltek. Harom egyed ugyanazt
a vonulasi utvonalat haszndlta, mint
korabban; a (Bf)aG/RLG kodu egyed
két évben allt meg a dél-adriai vonu-
lasi aton, mig a B/O[ND] két évben,
a L/L[HE] pedig hdrom évben kerilt
megfigyelésre az észak-adriai vonula-
si uton. A L/L[RA] esetén nem donthe-
t6 el, hogy a madar véltott-e vonulasi
utat
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Figure 10. Autumn movements of the GPS Figure 11. Spring movements of the GPS tagged

tagged individual between the breed- individual between the wintering ar-
ing/summering areas and the win- ea and the breeding/summering are-
tering area. The numbers next to the as. The numbers next to the symbols
symbols indicate the year of migra- indicate the year of migration. The
tion. The meanings of letters after meanings of letters after numbers: st -
numbers: b — breeding area; st - stop- stopover site; w — wintering area; su —
over site; w — wintering area; su — sum- summering area; m — migration path
mering area; m — migration path 11.dbra A jeladds kanalasgém tavaszi vonula-

10.dbra A jeladds kanalasgém 6szi vonuldsai sai a telel6hely és a kolté-/nyaraléhely
a kolté-/nyaraldhely és a telelSterdilet kozott. A szamok a szimbolumok mel-
kozott. A szamok a szimbdlumok mel- lett a vonulds évét jelentik. A bet(ik je-
lett a vonulds évét jelentik. A bet(k je- lentése a szdmok mellett: st - megallé-
lentése a szamok mellett: b - fészkels- hely; w - teleléhely; su — dtnyaraldhely;
hely; st — megalldhely; w - telel6hely; m - vonulasi ut

su — atnyaraldhely; m — vonulasi Ut

longest stopover duration during spring migration was 14 days. The difference between the
autumn and spring stopover duration is not significant either between non-juveniles (1cy <)
(Mann-Whitney test, p=0.993) or between all individuals (Mann-Whitney test, p=0.487).

A few lucky observations allowed us to derive information on the speed of migration.
One juvenile individual was observed in the natal area in Hungary on the 2" of October,
and was next observed on the coast of Djerba Island, Tunisia in the wintering area on 9™ of
October. The distance between the two sites (1698 km) was covered by the Spoonbill with-
in seven days, which indicates a minimum speed of 243 km/day. During spring migration
a Scy individual was observed at a stopover site in Italy on 26" of April, and was resighted
in the breeding area in Serbia on 29" of April. That individual moved 651 kilometres with-
in 3 days, with an average speed of 217 km/day.

Our database includes records of four individuals, which used two stopover sites with-
in one migration season. The distance between two stopovers was between 70 and 546 km
(Table 1), with no information on any other stops.
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Spoonbill with GPS device

The adult Spoonbill equipped with a GPS tag provided detailed information on five jour-
neys: three from breeding/summering areas to wintering grounds and two from the return
flights, which occurred between late summer of 2013 and the autumn of 2015 (Figure 10,
11, Table 2, 3).

In 2013, southward migration started on 1% of October from the wetlands around Co-
macchio (Italy), where it bred in that year. After a non-stop flight, it stopped for two weeks
in Cagliari in Sardinia, and then continued its journey to Tunisia, to the Gulf of Gabes. The
bird spent the winter there, mainly in the coastal, tidal wetlands west of the town of Gourine.

The bird’s path at the start of the following spring migration in 2014 was less linear. The
Spoonbill flew to Sicily (Trapani saltpans) between 1* and 4™ of April but after two days,
on 6" of April returned back to the Gulf of Gabes and stayed there for 12.5 days. On 21% of
April the Spoonbill moved again and reached wetlands south of Catania in Sicily. It resumed
migration on the 3™ of May and the route strictly followed the Tyrrhenian coast to the Lake
of Fogliano. After a 40-hour stop the Spoonbill flew to the Comacchio lagoons where it vis-
ited the breeding colony, but then moved to rice fields nearby and spent 9.5 days there. The
journey continued with a two-day stop at the lagoon of Venice, and a one day long stop in
the river mouth of Isonzo and finally finished on the Fishpond Sumony (S Hungary) on 20™
of May. It probably did not breed in 2014 because it moved back and forth from wetlands in
south and central Hungary to fishponds along the Sava river in Croatia and Bosnia and Her-
zegovina between its arrival to Hungary and the end of July, never stopping in the same area
for more than 10-15 days.

The following autumn, movement towards south started on 13 of October. The adult
Spoonbill departed from Fishpond Jelas (Croatia), and in a single journey crossed the
mid-Adriatic Sea south of Split and finally settled in the Gulf of Manfredonia for 11 days.
Then it took three more steps with stops in the salinas of Trapani (Sicily) and Chebba (Tuni-
sia) and arrived to the Gulf of Gabes, the same region where it had spent the previous winter.

In the spring 2015, the return migration started on 26™ of April, directly from the winter-
ing ground in the Gulf of Gabes. A three-step movement through the wetlands of Campa-
nia and Manfredonia (Italy) and across mid-Adriatic Sea finished close to Fishpond Jelas

Individual | Stopover coordinates 1 | Stopover coordinates 2 | Distance | Elapsed time (day)
W/W [3P] 41.40°N; 12.88°E 42.43°N; 11.20°E 181 km 5
B/L [YP] 44.88°N; 11.07°E 44.57°N; 11.83°E 70 km 26
W [J240] 41.02°N; 13.92°E 40.72°N; 17.80°E 328 km 9
W [J224] 40.57°N; 15.07°E 36.83°N; 10.98°E 546 km 36

Table 1. Coordinates of stopover sites of four individuals found on two stopovers during the same
autumn migration and the distance between the stopover sites and the time between
the observations. See also Figure 1.

1. tdbldzat Az 6szi vonulds soran két megalldhelyen is megfigyelt négy példany megallohelyeinek
koordinatai, valamint a megallohelyek tavolsaga és a megfigyelések kozott eltelt id6.
Lasd az 1. dbrdt is



s . " A Distance .
Migration Time and date . Time and date Location of Time (hour)
season, year | of departure Location of departure of arrival arrival between between stops
stops (km)
6:00-6:30, 1 o . 21:30-22:00, 1 o
A2013 October Valli di Comacchio (1) October Cagliari (1) 755 17-18
20:00-21:00, 16 o 6:00-7:00, 17 - .
A2013 o Cagliari (1) el Sidi Mansour (To) 536 9-11
A2013 12:00-18:00, 17 Sidi Mansour (To) <24:00, 17 October | Kneiss Island (To) 78 6-12
October
A2013 >0:00, 20 October | Kneiss Island (To) <12:00, 20 October | Gourine (To) 78 <12
52014 1 April Gourine (To) 1 April Kneiss Island (To) 78
$2014 | 6:00-12:00,2 April | Kneiss Island (To) <18:00, 2 April sl 212 6-12
’ e e Manzel (To)
52014 00:0_0»1 2:00,3 Sebkhet Halk el Manzel 12:00-18:00, 3 April Barrage Lebna 95 612
April (To) (To)
$2014 | >6:00,4 April Barrage Lebna (To) <18:00, 4 April g;apa"' FizpanE 203 <12
52014 >6:00, 6 April Trapani saltpans (I) <24:00, 6 April Kneiss Island (To) 428 <18
$2014 | >6:00,19 April | Sfax (To) <18:00, 19 April ?fg)r agelebna 240 <12
. . - ; ) Mouth River
$2014 >6:00, 21 April Sidi Abdel Monaam (To) | <24:00, 21 April Simeto, Catania () 370 <18
$2014 | 8:00-12:00,3 May | S of Catania (I 14:00-16:00,3 May | Mouth River 204 28
Savuto (1)
$2014 | 2:00-400,4May | Mouth River Savuto () | 14:00-16:00,4 May | Mouth River 297 10-14
Volturno (1)
52014 4:00-6:00, 5 May | Mouth River Volturno (1) | 6:00-14:00, 5 May Sabaudia (1) 99 <10
$2014 | >6:00,7 May Sabaudia (1 18:00-20:00,7 May | COMacchio 368 12-14
lagoons (1)
52014 ;231 00017 1 codigororice fields (1) | <18:00, 17 May h?goon el 85 812
$2014 | 2:00-4:00,19 May |Lagoon of Venice () | 8:00-14:00, 19 May l"f::zts (‘l’)f river 80 412
s | R AT o e ) | | el 340 10-13
May Sumony (H)
A2014 >8:00, 13 October | Fishpond Jelas (Hr) <24:00, 13 October | Manfredonia (1) 515 16
8:00-12:00, 27 . 18:00-20:00, 27 . !
A2014 October Manfredonia (1) October Trapani (1) 519 6-12
18:00-20:00, 2 . 6:00-8:00, 3 .
A2014 November Trapani (1) November Chebba (To) 372 10-12
>22:00,3 <24:00,3
A2014 November Chebba (To) November Sfax (To) 51 <2
A2014 | 218008 Sfax (To) 20:00-22:00,8 Gourine (To) 108 24
November November
$2015 >6:00, 26 April Gourine (To) < 24:00, 26 April NW Sicily (1) 567 18
00:00-6:00, 27 - . . Mouth river :
52015 April NW Sicily (1) <18:00, 27 April Volturno (1) 342 12-18
52015 6:00-8:00, 7 May | Mouth river Volturno (I) | <16:00, 7 May Manfredonia (1) 162 8-10
$2015 |>800,9May  |Manfredonia (1) 18:00-20:00, 9 May E‘_fgpmd Jelas 435 10-12
a2015 | 200120015 petcitas (H) <15:00,15 October | D0ni Mioliac 122 36
October (Hr)
A2015 | 250022 Doniji Miholiac (Hr) <1800, 22 October | Fishpond Jelas 78 9
October (Hr)
. ! . Lakes of
A 2015 >6:00, 30 October | Fishpond Jelas (Hr) <21:00, 30 October . 408 15
Lesina-Varano (I)
A2015 | 2120031 Lakes of Lesina-Varano | _» 4.4 0ctober 31 | Manfredonia 59 <12
October 0}
Table 2. Migration pattern of the Spoonbill with GPS device."A” means autumn migration, “S”means spring

migration. Distance between two stops was calculated based on the signals of the GPS device
2.tdbldzat A jelad6s kanalasgém vonuldsi mintazata. Az, A" az 6szi, mig a,S” a tavaszi vonulast jelenti. A ta-
volsagot két megallas kozott a jeladd adatai alapjan szamitottuk
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Migartion . Arrival to Departure from Duration of stay at
Stopover site 1 A .
season, year stopover site stopover site stopover site (days)
- 21:30-22:00, 1 20:00-21:00, 16
A 2013 Cagliari (1) October October 15
. 6:00-7:00, 17 12:00-18:00, 17
A 2013 Sidi Mansour October October 0.2-0.5
. 18:00-24:00, 17 00:00-6:00, 20 ~
A 2013 Kneiss Island (To) October October 2-25
S2014 Kneiss Island (To) 1 April 2 April
Sebkhet Halk el 12:00-18:00, 2 . . . :
S2014 Manzel (To) April 00:00-6:00, 3 April 0.5-0.75
S2014 Trapani saltpans (I) 18:00, 4 April 6:00, 6 April 15
52014 :(Trzs'ss Island = Sfax | .50, 7 April 6:00-12:00, 19 April 12,5
Barrage Lebna / Sidi | 6:00-18:00, 19 A5k .
S2014 T [ April 6:00-12:00, 21 April 2
$2014 Wetlands 5 of 18:00-24:00, 21 18.00-10:00, 3 May 1.5
Catania April
52014 ?I/)"’“th river Savuto | 1504 16:00, 3 May | 2:00-4:00, 4 May 05
$2014 ?I’)'Wth river Volturno | 15.36.14.00, 4 May | 4:00-6:00, 5 May 05
S2014 Sabaudia (I) 6:00-14:00, 5 May | >6:00, 7 May 2
Rice fields near
S$2014 Comacchio lagoons | 18:00-20:00, 7 May | 6:00-10:00, 17 May 9.5
and Codigoro (1)
S2014 Lagoon of Venice () | <18:00, 17 May 2:00-4:00, 19 May 15
S2014 Mouth river Isonzo (I) | 8:00-14:00, 19 May | > 6:45-10:00, 20 May 0.75
. <24:00, 13 8:00-12:00, 27
A 2014 Manfredonia (1) October October 13.5
. 18:00-20:00, 27 18:00-20:00, 2
A2014 Trapani (1) October November 6
A2014 Chebba(To) 8:00, 3 November | 22:00-24:00,3 0.5-0.75
November
A2014 Sfax (To) 00:00, 4 November | 16:00-18:00,8 475
November
S$2015 NW Sicily (1) < 24:00, 26 April 00:00-6:00, 27 April 0.25
$2015 ?I’)'Wth riverVolturno | 14,00, 27 April | 6:00-8:00, 7 May 95
S2015 Manfredonia (1) <16:00, 7 May > 8:00, 9 May 1.75
A 2015 Donji Miholiac (Hr) <15:00, 15 > 9:00, 22 October 6.75
October
A 2015 Fishpond Jelas (Hr) SR, o2 >6:00, 30 October 7.5
October
Lakes of <21:00, 30 .
A 2015 Lesina-Varano () October >12:00, 31 October 0.63
Table 3. Arrival and departure date and stopover duration of Spoonbill with GPS device during

migration. "A” means autumn migration, “S” means spring migration.
3. tdbldzat A jeladds kanalasgém érkezése és elvonuldsa az egyes megalldhelyeken, illetve a rajtuk
toltott idé. Az, A" az 6szi, mig a,S” a tavaszi vonulast jelképezi
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(Croatia) on 9" of May. The Spoonbill spent the following summer moving among wet-
lands located in central Hungary or along the Danube and the Sava rivers and, likely, again
skipped breeding.

In 2015, autumn migration started on 15" of October from Fishpond Rétszilas in central
Hungary. After a two-step movement to Fishpond Jelas, the Spoonbill made another long
flight across mid-Adriatic to coastal lakes of Lesina and Varano and finished its journey on
I** of November in Manfredonia. Data collected in the following days contained a series of
points concentrated in an arable field suggesting that the bird died. We suppose it was shot
dead by poachers.

The distances of flights between two stopovers were 283.0+£67.3 km (SE) during autumn
migration, and 255.8+34.3 km (SE) during spring migration. Stopover duration was 5.7+1.0
(SE) days during autumn migration and 3.9+1.2 (SE) days during spring migration. The cal-
culated maximal speed of flight was between 48.7-59.6 km/h.

Discussion

Our resight records indicate that Spoonbills from Central Europe mainly use the Central
Mediterranean or the Adriatic part of the Black Sea/Mediterranean Flyway. Waterbirds (in-
cluding Spoonbills) may fly along the Adriatic coast and they can also cross the Adriatic
Sea (Sackl et al. 2014). Kralj et al. (2012) reported Spoonbills crossing the central part of
the Adriatic Sea. Smart et al. (2007) supposed that Spoonbills cross the Adriatic Sea at the
Straight of Otranto, but we did not find evidence for that. Our results from colour-ringed
birds indicate that high number of Spoonbills may cross the Adriatic Sea between Gulf of
Manfredonia (Italy) and (1) Ulcinj (Montenegro), or (2) the coastline among Split and Met-
kovi¢ (Croatia). GPS tracks of the adult Spoonbill also support this hypothesis. Resights al-
so confirm that individuals breeding/summering in the Carpathian basin or NE Italy may fly
along the west Adriatic coast before crossing the Appenines, stop in coastal wetlands of cen-
tral Italy before flying to the wintering grounds in Tunisia. Alternatively, North Africa can
be reached both via Sicily or Sardinia. The same routes can be used during spring migra-
tion. A few Spoonbills were reported from the East Mediterranean area, where West Asian/
East African and Black Sea/Mediterranean Flyways overlap while a few birds were detec-
ted along East Atlantic coast, where the East Atlantic and Black Sea/Mediterranean Fly-
ways overlap.

We have identified two routes used by Spoonbills within the Adriatic Flyway, the
North-Adriatic and the South-Adriatic Flyways. We suppose that these routes are defined
by suitable wetlands, as the North Adriatic Flyway includes wetlands in north-eastern Italy
and follows mainly the north Adriatic coast and as far as we know does not cross the Adri-
atic Sea. In contrast, the South-Adriatic Flyway involves wetlands across the western Bal-
kan Peninsula (the karst lakes of Bosnia and Herzegovina and coastal wetlands between
Split and northern Albania) and crosses the Adriatic Sea. Between those two routes there are
few or no wetlands suitable for Spoonbills as resting or refuelling sites both along the Adri-
atic coasts of the Balkans and Italy. This is also confirmed by field observations that report
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only small number of Spoonbills from the intermediate coastal Croatian areas (Stumberger
etal. 2013), as there are only a few wetlands appropriate for this species. Similarly, the Itali-
an coast between Cervia and Lesina is hilly and highly anthropized without wetlands suit-
able for waterbirds. GPS tracks suggest that the two Adriatic routes may overlap in S Italy
and join between W Sicily and Cape Bon where birds chose to address towards the winter-
ing grounds located along the West or South coast of Tunisia. Our results imply that most in-
dividuals may use stopover sites along the same migration route (North- or South-Adriatic
Flyway) during both spring and autumn migrations. Furthermore, most Spoonbills showed
high fidelity to the same stopover sites or areas in their vicinity in following years, although
we also detected in a single occasion (in the case of adult fitted with GPS) where Spoonbill
shifted from the North-Adriatic Flyway to the South-Adriatic one. The bulk of our observa-
tions indicate fidelity to stopover sites during both migrations, but further studies are needed
because of the small available sample size.

We have identified 59 stopover sites in the Balkan Peninsula, Italy, the Middle East and
North Africa by the resights of colour ringed Spoonbills ringed in Central Europe and an-
other four by the signal of the GPS device. We believe that we were able to delineate the
most important stopovers along the Adriatic Flyway using these methods. However, there
could be further important stopover sites in Albania and western Greece, from where ob-
servations are lacking, and probably we were not able to recognise several stopovers in
North-Africa after birds left Cape Bon or Lake Tunis in Tunisia. The GPS-tagged Spoon-
bill’s track revealed that birds may stop at additional sites along the northern and eastern
coast of Tunisia but preferably move to the more suitable tidal areas located in the Gulf of
Gabes which are largely used in winter (Smart et a/. 2007). Interestingly, two stopover sites
were also found in the Carpathian Basin by tracking the Spoonbill with the GPS tag. Stop-
over sites of Spoonbills from Central Europe were previously identified only in the west
Balkan Peninsula (Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, northwest Al-
bania) (Stumberger et al. 2013). As most of the Central European Spoonbills migrate to
Tunisia and Italy (Smart et al. 2007, Pigniczki 2009, 2010, Kralj et al. 2012, Pigniczki &
Karcza 2013), this study covered large part of the most important stopover sites for this
population along the Adriatic Flyway. The estimated number of wintering individuals in
Tunisia is high; between 3447 and 4033 individuals were counted by January IWC between
2008 and 2014 (Azafzaf et al. 2015). In Italy, the number of wintering Spoonbills recor-
ded by mid-January IWC, increased from less than 100 individuals distributed across eight
sites in 1991-1995, to almost 800 individuals spread over 44 sites in 2006-2010 (Zenatel-
lo et al. 2014).

We have only few records of stopovers from the central and eastern part of the Balkan
Peninsula, and we have only limited numbers of records from the Middle East. These sites
seems to belong to another route used by Spoonbills, with known wintering areas in Turkey
and mainly old winter recoveries along the Egyptian and Sudanese part of the Nile (Pignicz-
ki 2009, 2010, Pigniczki & Karcza 2013). However, the East-Mediterranean area is not
the main migratory and wintering area for the Central European population: those sites are
mainly used by Eastern European Spoonbills as a large proportion of individuals ringed in
the Danube Delta (Romania) were observed in Israel and also in Turkey, Cyprus and Oman
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(Kiss et al. 2007). Israel is an important area both during autumn migration, with up to 900
individuals observed, and as a wintering site hosting around 800—1500 individuals in north
of the country (Shirihai et al. 1996). Furthermore, flocks of up to 70 individuals were seen
in Egypt during migration in the 1980s, with no wintering records from the Nile Delta from
the same period (Goodman & Meininger 1989); however, no recent records are available in
the literature from this location. Wintering Spoonbills (including a Serbian ringed individu-
al) were observed in 2008-2015 along the Nile at Abu Simbel (maximum of 11 individuals)
and at Aswan (maximum of 40 individuals) (D. Hoek & H. Ibrahim pers. comm.). As there
is only a small overlap between the flyways of Central European and East European Spoon-
bills (Kiss et al. 2007, Kralj et al. 2012, Pigniczki 2015) our results support the proposal of
splitting the Central and the East European Spoonbill populations, which have been consi-
dered to belong to the same population in the recent international action plan of the species
(Triplet ef al. 2008). This would help to best address future conservation actions (Pignicz-
ki et al. in press).

Staging areas of trans-Saharan migrants remained completely unknown. Spoonbills from
the Carpathian Basin and NE Italy reach wetlands in Niger, Nigeria and Mali (Spina &
Volponi 2008, Volponi et al. 2008, Pigniczki 2009, 2010, Kralj et al. 2012, Pigniczki &
Karcza 2013). We suppose that trans-Saharan migrants may have staging areas in the coast-
al wetlands of Gulf of Gabes and stopover sites in desert wetlands of Tunisia and Algeria.
Trans-Saharan migration is a risky journey, as several individuals with Carpathian Basin ori-
gin were found dead in the middle of the desert in Algeria (Pigniczki & Karcza 2013). Re-
cent observations indicate that only small numbers of Spoonbills are found in the wetlands
of the Sahel (Triplet ez al. 2008, Zwarts et al. 2009, J. Broower pers. comm.).

Some colour-ringed individuals reached the Atlantic coast of Africa and spent the win-
ter in Morocco and Mauritania (Pigniczki & Karcza 2013). However, we have only limited
numbers of observations of Central European individuals from this route, thus this wintering
area seems to be only marginally important for this population. However, West African sites
are essential wintering areas of the Spanish and Dutch populations (de le Court & Aguilera
1997, Lok et al. 2011). Central European Spoonbills may reach the east Atlantic coast after
flying along the coast of the Mediterranean Sea.

From earlier recoveries of metal-ringed individuals we know that Spoonbills used stop-
over sites along the coasts of Italy and Montenegro, the karst lakes of Bosnia and Herze-
govina, wetlands along the River Danube in southern Romania, and further away in Ca-
margue (France) and the European part of Turkey (Pigniczki 2010). These data complement
recent records of colour-ringed birds, in the sense that Spoonbills also used the eastern part
of the Balkans in the past, and reached the coastal Mediterranean Sea west of Italy. Spoon-
bills probably still use these sites in low numbers, but we suspect the observation effort is
low in the Balkan Peninsula, and this resulted in few records from these sites (Pigniczki &
Végvari 2015).

Certain stopover sites were used more often in spring while others were preferred in au-
tumn along the Adriatic Flyway: for example, wetlands in the Po Delta, Margherita di Sa-
voia saltpans and water reservoirs of Cape Bon were used dominantly during autumn, while
the delta of Neretva River and the mouth of the River Isonzo (NE Italy) were used mainly
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during spring migration. Different autumn and spring migration strategies may result in dif-
ferential preferences for stopover sites in autumn and spring. This pattern could be also a re-
sult of observational bias, as it could be difficult to detect Spoonbills during the short time
of spring stopovers in Tunisia or in southern Italy, where also transient and wintering birds
may mix. The track of the Spoonbill with the GPS tag indicates that birds may also use the
water reservoirs of Cape Bon during spring migration. Further, the Delta of Neretva River
is not used during autumn migration because human disturbance is heavier that time than in
spring (Stumberger et al. 2013, Pigniczki et al. in press).

We also found that: (1) stopover duration may last longer for juveniles than for non-ju-
veniles (< lcy), and (2) Spoonbills may have longer stopover duration during autumn than
spring migration. However, we did not find statistical support for these results. Juveniles
generally stay longer on stopover sites than adults, as it could be expected because 1cy are
unexperienced individuals (Nilsson et al. 2013). Furthermore, adults during spring migra-
tion have generally shorter stopover duration than on autumn migration, as they try to ar-
rive back to the breeding areas as fast as it is possible to occupy the best territories to breed
(Nilsson et al. 2013).

Interestingly, the average autumn stopover duration of Spoonbills seems to be longer
along the Adriatic Flyway than in the north Iberian stopover site on the East Atlantic Fly-
way, which site is mostly used by long-distance migrants (Navedo et al. 2010, Kralj et
al. 2012). Those individuals of the East Atlantic population which cross the Sahara spend
on average 2.7 days at stopovers, while Spoonbills wintering in South-Iberia spend 1.5
days there (Navedo et al. 2010). These stopover durations seem to be different from that of
Spoonbills from the Central European population, which indicate that the two populations
may have different migration and stopover strategies. However, further studies are needed
to confirm our result of longer stopovers along the Adriatic Flyway.

Distances between stopover sites used by the same individual within one season were be-
tween 70 and 546 km, and the bird with GPS device showed similar distances (between 78
and 755 km). This indicates that Spoonbills that use the Adriatic Flyway may employ hop-
ping or skipping migration strategy (Warnock 2010), but our sample size is very small. As
several stopover sites are found halfway between the natal or breeding area located in the
Carpathian Basin and the wintering area in southern Italy or northern Africa, this also sup-
ports the assumption that most of the Central European Spoonbills belong to hoppers or
skippers. However, a small number of Central European Spoonbills that cross the Sahara
(Smart et al. 2007, Kralj et al. 2012, Pigniczki & Karcza 2013), may belong to jumpers dur-
ing their trans-Saharan migration (Warnock 2010).

Data provided by the Spoonbill fitted with the GPS device showed that migration could be
both diurnal and nocturnal. Cramp and Simmons (1977) described the migration of Spoon-
bills as a mainly diurnal activity. Our focal individual spent up to 17-18 hours in the air be-
tween two stops with active flights. The bird retreated after departing during its spring mig-
ration in 2014 and returned to the Gulf of Gabes. After a long stay in the wintering area,
it eventually reached its previous breeding site in Italy, then later moved to the Carpathi-
an Basin. The reason of the unusual spring retreat to the wintering site remained unknown.
On those days no extreme weather conditions were recorded, but on the 5% and 6™ of April
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winds turned from W to NW blowing with speed of 7.6 to 44.6 km/h (data source: https://
weatherspark.com). Similarly, that individual arrived to the Carpathian Basin also very late
in 2015. Birds may reverse their heading and retreat during migration if encounter harsh or
extreme weather events (Strandberg et al. 2009). If migrants start their spring migration too
late or retreat during the course of the journey, they are likely arrive later at their breeding
area, and either skip breeding or if they breed, generally have low breeding success (car-
ry over effect) (Strandberg et al. 2009, Zwarts et al. 2009, Lok 2013). The state of wetlands
in the breeding area may also have a significant influence on the decision to whether or not
start to breed. For instance, adult Spoonbills in the Carpathian Basin may skip breeding un-
der dry conditions (Pigniczki 2015, Pigniczki & Végvari 2015). We suspect the adult bird
with GPS device was shot dead in Italy, as the same happened to two out of three young that
started to winter in this area. Poaching pressure is high along Adriatic Flyway, especially on
the Balkans (Schneider-Jacoby 2008).

Our results highlight the importance of the Adriatic Flyway for Spoonbills. Similarly,
most waterbird species breeding in Central Europe also use the Adriatic Flyway (Schnei-
der-Jacoby 2008). The wintering areas of waterbird species using the Adriatic Flyway are
mostly located in North Africa, with large concentrations of wintering individuals in the
Gulf of Gabes (Tunisia and Libya) and in the Niger Basin (Schneider-Jacoby 2008). Migra-
tory bird censuses indicate the special importance of the Adriatic Flyway for ducks at Bo-
jana-Buna river delta, as thousands of Garganeys (Anas querquedula), Northern Shovelers
(Anas clypeata) and Eurasian Wigeons (4nas penelope) were seen during their migration
over the Adriatic Sea (Sackl et al. 2014). Furthermore, the Adriatic Flyway has special im-
portance for the Common Crane (Grus grus) as well. Large numbers of Cranes use the two
main routes of the Adriatic Flyway (North and South), similarly to what we described here
for Spoonbills (Stumberger & Schneider-Jacoby 2010).

Stopover sites have key importance during migration (Navedo et al. 2010b, Warnock
2010), so we believe that our results are useful for Spoonbill and wetland conservation pro-
jects along the Adriatic Flyway. The AEWA Single Species Action Plan for the Eurasian
Spoonbill provides limited information on migration routes and has no description of stop-
over sites for the Central European population (Triplet et al. 2008). Our study aims to fill
this gap. Assuring habitat and bird protection at stopover sites is of crucial importance, es-
pecially in the Balkan Peninsula, where several wetlands have been destroyed or exposed
to unsustainable levels of hunting or poaching pressure (Schneider-Jacoby 2008, Stumber-
ger et al. 2013, Pigniczki et al. in press). Furthermore, it is important to identify major mig-
ration routes to prevent the establishment of wind farms along the important routes and in
the vicinity of key sites, as collision with wind turbines is often fatal for birds (Desholm &
Kahlert 2005, Kirby et al. 2008).

Combining regular surveys of Spoonbills with colour ring readings is an important me-
thod to determine which stopovers are used, and which migration routes connect these stop-
overs among the Central European breeders. As we have only limited numbers of recoveries
and there are no continuous data on individual movements, new technologies such as GPS-
GSM or GPS-GSM-UHF trackers could greatly help to understand movements of birds and
integrate that information with traditional survey data (Pigniczki et al. in press). As shown
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by the information gathered by one of the adult Spoonbills equipped with GPS-GSM de-
vice in Italy, the use of GPS trackers would allow us to answer open questions, such as the
existence of a proposed link between the Balkans and east Libya across the Mediterrane-
an Sea for Spoonbills, which connection has been found for the Montagu’s Harrier (Circus
pygargus), the Saker Falcon (Falco cherrug) and the Red-footed Falcon (Falco vespertinus)
(Palatitz et al. 2009, Zwarts et al. 2009, Prommer et al. 2012, Pigniczki 2015). Furthermore,
the connections between colonies of Spoonbills in the Carpathian Basin and wintering sites
through the trans-Saharan and the East Mediterranean routes are not known well enough.
The need to deploy GPS-trackers on Spoonbills, particularly on individuals breeding in the
Carpathian Basin is thus high as the species has a large conservation importance along the
Adriatic Flyway (Schneider-Jacoby 2008, Pigniczki et al. in press).
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Abstract We examined the autumn migration phenology of nine Siberian breeding songbirds:
Thick-billed Warbler (Iduna aedon), Black-browed Reed Warbler (Acrocephalus bistrigiceps), Pallas’s Grass-
hopper Warbler (Locustella certhiola), Lanceolated Warbler (L. lanceolata), Yellow-browed Warbler (Phyllo-
scopus inornatus), Arctic Warbler (Ph. borealis), Dusky Warbler (Ph. fuscatus), Radde’s Warbler (Ph. schwarzi),
Two-barred Warbler (Ph. plumbeitarsus) and compared the migration dynamic characteristics with their Europe-
an occurrence time. The study was carried out within the Amur Bird Project in the Russian Far East along the ri-
ver Amur at Muraviovka Park between 2011 and 2014. The birds were caught with mistnets and ringed with indi-
vidually numbered rings. For the characterization of the migration, we used timing, the intervals and the peaks
of the migration, the percentage of the recaptures and the average time between the first and the last captures.
The timing of migration in the studied species differed in the timing, the intervals (30—67 days) and the migration
peaks (14 August — 17 September).

Considering the size and location of the distribution area, the timing and annual patterns of European occurren-
ces, it is likely that most individuals of Thick-billed Warbler, Pallas’s Grasshopper Warbler, Dusky Warbler, Rad-
de’s Warbler and Two-barred Warbler get to Europe due to the impact of Siberian cyclones. In case of Yel-
low-browed Warblers, other factors (reverse migration, weather conditions, dispersal movements) may also
play a role. Because of their Scandinavian breeding populations, dispersion movement is the most likely reason
for vagrants of Arctic Warbler and Lanceolated Warbler. The distribution of the Black-browed Reed Warbler is
limited to the eastern edge of the continent, and therefore this species has no European record to date.

Keywords: reverse migration, weather anomalies, dispersion, Muraviovka Park, Siberian Passerines

Osszefoglalas Szibériaban fészkel6 kilenc énekesmadar — vastagesérii nadirigod (Iduna aedon), keleti foltos nadi-
poszata (Acrocephalus bistrigiceps), csikos tliicsokmadar (Locustella certhiola), foltos tiicsokmadar (L. lanceola-
ta), vandorfiizike (Phylloscopus inornatus), északi fiizike (Ph. borealis), barna fiizike (Ph. fuscatus), vastagcsori
litottuk 6szi vonulasdinamikai jellemzoiket az eurdpai megkeriilésiik idejével. A vizsgalatokat az Oroszorszag
Amur menti részén elhelyezkedé Muraviovka Parkban végeztiik 2011-2014-ben, az 6szi vonulas soran. A mada-
rakat japan tipust fliggényhalokkal fogtuk, és egyedileg szamozott gytirtivel jelltiik. A vonulés jellemzésére a
vonulas id6zitését, intervallumat, csucsat, a visszafogott madarak szazalékat, a befogas és visszafogas kozotti at-
lagos id6tartamot hasznaltuk. A vizsgalt fajok vonuldsa kiilonbozott mind az id6zités, mind az intervallum (30—
67 nap), mind a vonulasi csucs (augusztus 14. — szeptember 17.) vonatkozasaban.

Az elterjedési teriilet méretét és elhelyezkedését, az europai megkeriilések idejét és évi mintazatat figyelembe vé-
ve a legtobb vastagesorii nadirigd, csikos tiicsokmadar, barna fiizike, vastagesorti flizike, szalagos flizike példany
a szibériai ciklonok hatasa miatt juthat el Eurdpaba. A vandorfiizike esetében minden egyéb tényezé (reverz vonu-
las, id6jarasi tényezok, nagy diszperzios elmozdulasok) szerepet jatszhatnak. Az északi fiizike és a foltos tiicsok-
madar skandinaviai fészkeldallomanya miatt a diszperzios mozgasbol eredé megkeriilés a legvalosziniibb. A keleti
foltos nadiposzata koltési areaja kicsi és a legkeletebbi eléfordulasu, valoszintileg ezért nincs europai megkeriilése.

Kulcsszavak: reverz vonulas, iddjarasi anomaliak, diszperzid, Muraviovka Park, szibériai énekesmadarak
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Introduction

In the last decades, a significant number of Siberian species appeared in many Europe-
an countries, and both the number of species and the observations are increasing (Gilroy
& Lees 2003). Possibly the increase in the number of observers in the past decades plays
a considerable role. Nevertheless, the question arises, how and why the otherwise mostly
in Southeast Asia wintering individuals occur in the opposite or at least very different di-
rection? Answers could include weather anomalies, migration defects (reverse or mirror
migration), dispersal movements and changes in the wintering areas (Rabel 1969, Baker
1977, Folvik 1992, Berthold 1996, Thorup 1998, 2004, Phillips 2000, Elkins 2002, Gilroy
& Lees 2003, Kriiger & Dierschke 2004, Harrup 2007, De Juana 2008, Jiguet & Bar-
bet-Massin 2013).

The migration of Siberian species which winter in South-South East Asia is less known,
we have information only on the autumn migration of some species (Nisbet 1967, Cramp
1992, Marchetti et al. 1995, Halmos et al. 2000, Katti & Price 2003, Duckworth 2007, Raess
2008). To understand the causes of the European vagrancies, information on migration phe-
nology of this species is needed.

This study aims to describe the migration phenology of nine species: Thick-billed Warbler
(Iduna aedon), Black-browed Reed Warbler (Acrocephalus bistrigiceps), Lanceolated War-
bler (Locustella lanceolate), Pallas’s Grasshopper Warbler (L. certhiola), Yellow-browed
Warbler (Phylloscopus inornatus), Arctic Warbler (Ph. borealis), Dusky Warbler (Ph. fusca-
tus), Radde’s Warbler (Ph. schwarzi), Two-barred Warbler (Ph. plumbeitarsus), which mig-
rate in relatively large numbers at Muraviovka Park, and assess the validity of the different
vagrancy theories.

The Thick-billed Warbler is a common breeder and abundant migrant in the Muraviovka
Park (Heim 2014). Separation of the migratory birds and dispersion of breeding individu-
als is therefore not possible. The species migrate in one wave within a relatively narrow in-
terval and rather fast. The migration peak is in mid-August. Of the studied species, this one
spent the shortest time at the study site. The last individuals were captured in mid-Septem-
ber, by which time the first individuals can arrive to Central China (Williams 2000, Carey et
al. 2001). In Beidaihe, which lies nearly halfway on the migration route, app. 800 km south-
west of the Muraviovka Park, this species migrates through from August to mid-October
with a peak in mid-September (Williams 2000, Harrop 2007). They reach the northern part
of their wintering area between the end of September and end of October (Harrop 2007).

It is a very rare vagrant in Europe, with only six records from Western and Northern Europe
(Norway, Great-Britain) since 2001 (www.tarsiger.com), typically between mid-September
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Thick-billed Warbler 2,670,000 2000 5000 800
Black-browed Reed Warbler 2,320,000 1500 5000 600
Pallas’s Grasshopper Warbler 1,620,000 2000 5000 1500
Lanceolated Warbler 2,960,000 g ||| EepEE e 2000

in Skandinavia
Yellow-browed Warbler 11,000,000 3000 2500 2000
Artic Warbler 3,360,000 2500 | Preeding population 2000
in Skandinavia

Dusky Warbler 3,830,000 2000 2000 1500
Radde’s Warbler 1,170,000 2500 4000 500
Two-barred Warbler 4,640,000 2500 6000 1000

Table 1. The size of the breeding area, the avarage migration distance and the distance between
the breeding area and W-Europe, as well as the distance between breeding area and win-
tering sites (BirdLife International 2013)

1. tdbldzat Az egyes fajok fészkel6teriiletének mérete, atlagos vonulasi tavolsédga, az area tdvolsaga
Nyugat-Eurépa és a telel6teriiletek kozt (BirdLife International 2013)

and mid-October (Harrop 2007). This covers approximately the second half / end of the
migration period of the species. The western border of its distribution area lies 5000 km
from Western Europe, which is much more than the average migration distance (7able 1).
Thus, it seems likely that Thick-billed Warblers could appear in Europe mainly because of
weather anomalies.

The Black-browed Reed Warbler is one of the most abundant breeding birds at Muravi-
ovka Park, and a common migrant as well (Heim 2014). It has only some long-term recap-
tures from the first part of the study period. These individuals should be local breeders. The
western border of the breeding area is app. 5000 km away from Western Europe. The length
of the migration route is the shortest of the studied species (Table 1). There is no Europe-
an record.

The Pallas’s Grasshopper Warbler is an abundant breeder and a common migrant in Mu-
raviovka Park (Heim 2014). The species migrate in a month and a half interval. The migra-
tion peak is in mid-August. The migration is fast, with only few and short-term recaptures,
despite the fact that the study site is on the southern part of the breeding area, so the north-
ern birds have to migrate 1500 km to reach this site. The last individuals were captured in
mid-September. By this time, the first individuals can arrive to the wintering area in Ma-
laysia (Nisbet 1967). In Europe, this species appears in small numbers between the begin-
ning of September and the end of October (www.tarsiger.com, www.netfugl.dk), which co-
incides with the arrival to the wintering area. These individuals can thus be reverse migrants,
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however, the distance between the breeding and wintering areas (2000 km) is much less than
the distance between the breeding area and Europe (5000 km) (7able 1). This reduces the
possibility of reverse migration and predicts that Pallas’s Grasshopper Warblers reach Eu-
rope due to weather anomalies.

The Lanceolated Warbler is a common breeder and regular migrant at Muraviovka Park
(Heim 2014), although only few individuals were captured. Birds captured at the begin-
ning of the study period most likely belong to the local population. Migration begins be-
tween mid-August and the beginning of October and peaks at the beginning of September.
Only few individuals were trapped at the study site, which spent only a short time here, de-
spite the distance between the northern border of the breeding area and Muraviovka Park be-
ing around 2000 km. At Beidaihe, this species can be observed from August to mid-October
with a peak in the end of September (Williams 2000, Harrop 2007). Here, only migrants and
no local breeders occur, which could explain the narrower interval of observation than at the
Park. They arrive to Hong Kong in the northern part of their wintering area in October (Har-
rop 2007). The first individuals arrive to the Malay Penninsula during the beginning of Oc-
tober (Nisbet 1967). In Europe, it is a rare vagrant between the beginning of September and
the end of October (Hudson & the Rarities Committee 2007, 2008, 2009, 2010, 2011, Ro-
gers & the Rarities Committee 2001, 2002, 2003, 2004, www.tarsiger.com).

The northwestern edge of its distribution area extends into Europe (BirdLife International
2013). In Finland, 20 singing males were observed in 2000 and in the same year, one week
before its earliest occurrence ever, the species appeared on 1% of September in Shetland
(Rogers & the Rarities Committee 2000). Concidering the species” distribution area and
migration dynamics, some individuals could get to Europe from Siberia by reverse migra-
tion and weather anomalies, but some most likely originate from the European population.

The Yellow-browed Warbler is not a breeder, but an abundant migrant at Muraviovka Park
(Heim et al. 2012, Heim & Smirenski 2013). It migrates in a broad interval, covering almost
two months. Only few individulas stay for a short time at the study site, despite the northern
border of the breeding area being 2000 km from Muraviovka Park. It has the largest distri-
bution area among the studied species: 2.4 times higher than the second largest and 9.4 times
higher than the smallest (7able ). The migration peak is at the beginning of September.

In Beidaihe it occurs between mid-September and the end of October (Williams 2000,
Harrop 2007), while in Hong Kong, which is the northern part of the wintering area, it ar-
rives during mid-September (Harrop 2007). The first half of its migration to Hongkong and
Beidaihe overlaps with its occurence in Europe.

Of the Siberian species, the Yellow-browed Warbler is the most commonly recorded in Eu-
rope. Some authors explain this with weather factors (Williamson 1959, Baker 1977, Howey
& Bell 1985, Baker & Catley 1987, Elkins 1988), whereas others with genetic defects (birds
are misorientated, defective ones, mirror migration) (Rabel 1969, 1986, De Sante 1983,
Thorup 1998, 2004), or with the establishment of a new wintering area (De Juana 2008).

Furthermore, it has the largest distribution area of the studied species (BirdLife Interna-
tional 2013). The distance between the wintering and breeding areas (3000 km) is only a litt-
le more than the distance to Western Europe (2500 km). In some years, there are mass mig-
rations not only in Western and Northern Europe, but also even further south, for example
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in the Carpathian Basin (Hadarics & Zalai 2008, www.birding.hu, www. rombird.ro) and in
the Mediterranean (De Juana 2008). The westernmost record comes from Senegal (De Jua-
na 2008).

In Northern and Western Europe, this species occurrs typically between mid-September
and mid-November, with a peak in mid-October (Harrop 2007). The number of spring re-
cords is much lower — for example, in Germany, this rate is 40:1 (Kriiger & Dierschke
2004). These individuals must be successful wintering survivors (Dymond et al. 1989). It
appears earliest in Finland, Sweden and Denmark, then two weeks later in the Netherlands
and the United Kingdom. In the latter country, there is a difference between the Northeast-
ern Scottish and southern English areas, and the north of Sweden experiences their arrival
one week earlier than the south of the country (Baker & Catly 1987, Marchant 2002). The
number of observed individuals grows in time southward (De Juana 2008).

The temporal pattern of European observations render reverse migration probable, how-
ever, the large differences in the number of individuals can be explained by annual weather
anomalies (for example in Finland, it had only 79 records in 2010, while in 2011, it had 230
records) (www.tarsiger.com). Individuals might reach Europe from the north-western part
of their breeding area during dispersal movements, but it could also reflect different success
on the breeding areas: if the species has a good breeding success in a given year, it can oc-
cur in larger numbers in Europe.

The Arctic Warbler is a common migrant at Muraviovka Park (Heim 2014). It migrates
in a narrow, one month interval between the beginning of August and mid-September. The
migration peak is in the second half of August. The northern border of the breeding area is
2000 km north of the Park (Table 1), but only a few individulas spend a short time in the
study site.

It occurs in Western Europe primarily in September (www.tarsiger.com). There is a sig-
nificant breeding population in Scandinavia, so some of the European occurrences could
originate from dispersion movements. The European occurrences do not show large annual
differences (Rogers & the Rarities Committee 2000, 2001, 2002, 2003, 2004, Fraser et al.
2005, 2006, Hudson & the Rarities Committee 2007, 2008, 2009, 2010, 2011), so they are
probably not the consequences of weather anomalies, but of stable dispersal movements.

The Dusky Warbler is a common breeder and migrant at Muraviovka Park (Heim &
Smirenski 2013, Heim 2014). It shows a protracted migration from July to the first part of
October, however, breeding birds and migrants cannot be separated. This might explain the
long interval, which is three times longer than that of the Two-barred Warbler. The migra-
tion peaks in the second half of September. The birds spent longer time at the study site than
the other studied species, and their migration is the slowest.

In Beidaihe, it occurs in October (Williams 2000, Harrop 2007). Since there are not lo-
cal breeders there, the observation interval is narrower than at the Muraviovka Park. Hong
Kong, which is the northern part of the wintering area, is reached by migrating birds by the
second half of October (Harrop 2007).

In the British Islands, this species is most common from mid-October to mid-Novem-
ber (Harrop 2007). Records from Central and Eastern Europe are between September and
February. Most of the European records are from the migration peak, but in some cases,
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individuals were also trapped after this period (Rogers & the Rarities Committee 2001,
2002, 2003, 2004, www.tarsiger.com). The specific European observation times overlap
with the arrival times to the wintering sites. The distance between the wintering sites and
the breeding area is comparable to the distance between the western border of the area and
Europe (app. 2000 km) (7able 1), which makes reverse migration a possible explanation for
the occurrences of vagrants. However, the role of weather factors is more probable, since
there is a high variation in the annual number of records in Europe (Rogers & the Rarities
Committee 2000, 2001, 2002, 2003, 2004, Fraser et al. 2005, 2006, Hudson & the Rarities
Committee 2007, 2008, 2009, 2010, 2011, www.tarsiger.com).

The Radde’s Warbler is a regular migrant and rare breeder at Muraviovka Park (Heim ef
al. 2012, Heim 2014). It migrates in a reatively narrow interval from the second part of Au-
gust to the second part of September. The migration peak is in mid-September. The northern
border of the breeding area is the closest to the Park among the studied species (Table 3).
In Beidaihe, it occured from the end of September to mid-October (Williams 2000, Harrop
2007). Hong Kong, which is the northern part of the wintering area, is reached from the last
week of October to the third week of November (Harrop 2007). In Europe, it occurs typical-
ly in October (Harrop 2007) as a rare vagrant, primarily in the northern and western coun-
tries (Rogers & the Rarities Committee 2001, 2002, 2003, 2004, www.tarsiger.com). The
low number of records might be explained by the long distance between the breeding area
and Europe. The number of observed birds shows annual variability in Great Britain (Ro-
gers & the Rarities Committee 2000, 2001, 2002, 2003, 2004, Fraser et al. 2005, 2006, Hud-
son & the Rarities Committee 2007, 2008, 2009, 2010, 2011), which strengthens the wea-
ther hypothesis.

The Two-barred Warbler is a regular migrant at Murviovka Park (Heim 2014). It migrates
in a narrow interval from mid-August to the beginning of September. The migration peak
is in the end of August. The migration is fast, the individuals spent only a short time at the
study site.

In Beidaihe, it migrates from September to October, the peak is in mid-October (Williams
2000, Harrop 2007). It arrives to the northern part of the wintering area in the end of Sep-
tember, the peak is in the end of October (Harrop 2007).

In Europe it is a very rare vagrant from mid-September to the end of October (Harrop
2007). It is one of the rarest vagrants, until 2013 it had only 14 European records between
the end of September to the end of November in the western and northern countries (Www.
tarsiger.com). It has the largest distribution area of all studied species, however, the distance
between the breeding area and Europe is the longest (7able 1). The low numbers of records
might be explained by weather anomalies.

Methods

The study was carried out during the autumn migrations in 2011-2014 at Muraviovka Park
along the middle stream of the Amur River in the Russian Far East. The study site is located
60 km southeast of the city of Blagoveshchensk (Map 1).
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Map 1. Theringing places of the studied species in East-Asia
1. térkép A vizsgalt fajok gytirizési helyei Kelet-Azsiaban

Up to 34 mist nets (12 and 6 meters in length with 5 packets) were set up in a variety of
habitats: homogeneous reed beds, sedges and grassy swamps interspersed with willows and
raspberries, rich shrub-layered mixed forest, very dense scrub and stubble. The work was
carried out from sunrise to sunset and the nets were checked every hour. The nets were con-
trolled also during the night in 2014.

The study periods were the following: in 2011, from 7" September to 24" October; in
2012, from 29" August to 16" November; in 2013, from 25" July to 23" October, while in
2014, from 25" July to 29" September. In 2011 and 2012, the work began later due to fi-
nancial reasons, while in 2013, the Amur flooded, which had a strong impact on the work.

For the calculations, we used the earliest common starting date of all years (25% July).

The data analysis was carried out based on 5256 individuals of the nine species. Rings
were supplied by the Moscow Ringing Centre. Identification of the species was based on
Svensson (1992) and Brazil (2009).
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species captures (n) | recaptures (n)
Thick-billed Warbler 628 82
Black-browed Reed Warbler 353 25
Pallas’s Grasshopper Warbler 341 56
Lanceolated Warbler 100 13
Yellow-browed Warbler 1580 123
Artic Warbler 122 14
Dusky Warbler 1107 347
Radde’s Warbler 217 30
Two-barred Warbler 98 20

Table 2. Number of studied species
2. tabldzat A vizsgalt fajok egyedszama

We pooled the daily trapping data of the four years and fittedkernel smoothed arrival dis-
tribution curves. Subsequently we determined the migration period for each species (the first
and last day when the species was captured) and the location of the maximum value as the
peak of the smoothed migration curve. We also calculated the percentage of recaptures and
the stop-over timing.

All statistical analyses and graphs were made by the R 3.2.2 program (R Development
Core Team 2015) and the smoothed curves were fitted by the “mgcv” package (Wood 2006).

Results

Thick-billed Warbler

Of all the studied species, this one was the third most abundant with 628 ringed individuals
(Table 2). The migration took place between the 1% and the 55" day. The peak of the migra-
tion wave was on the 2 1% day. Of the ringed birds, 13.1% have been recaptured, 65.9% with-
in two days. An average of 2.7 days elapsed between the first and last capture, only one bird
was re-trapped after one week (Figure I, Table 3).

species interval length (day) peak
Thick-billed Warbler 25 July - 17 Sept. 55 14 Aug.
Black-browed Reed Warbler 25 July - 29 Sept. 67 15 Aug.
Pallas’s Grasshopper Warbler 25 July - 21 Sept. 59 15 Aug.
Lanceolated Warbler 27 July - 5 Oct. 71 3 Sept.
Yellow-browed Warbler 26 July - 13 Oct. 80 3 Sept.
Artic Warbler 1 Aug. - 17 Sept. 48 22 Aug.
Dusky Warbler 25 July - 11 Oct. 79 17 Sept.
Radde’s Warbler 5 Aug. — 26 Sept. 49 11 Sept.
Two-barred Warbler 4 Aug. - 29 Sept. 57 23 Aug.

Table 3.  Characteristics of the migration of the studied species
3.tdbldzat A vizsgalt fajok vonulasanak jellemzéi
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Figure 1. Daily number of ringed Thick-billed Warbler annually and pooled with the fitted smoothed
curve. The vertical grey lines show the first, peak and last captures

1.dbra A gy(rlzott vastagesérd nadirigo napi gyakorisdga éves bontdsban és egyesitve a simitott
gorbével. A figgbleges szlirke vonalak az elsé, a maximalis és az utolsé megfogast mutatjak

Black-browed Reed Warbler

The fifth most abundant species with 353 ringed individuals (7able 2). The migration took
place between the 1* and the 67" day. The peak of the migration wave was on the 22" day.
Of the ringed birds, 7.1% have been recaptured, 48% within two days. An average of 4.5
days elapsed between the first and last capture, only five birds were re-trapped after one
week (Figure 2, Table 3).
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Figure 2. Daily number of ringed Black-browed Reed Warbler annually and pooled with the fitted
smoothed curve. The vertical grey lines show the first, peak and last captures

2.dbra A gyurizott keleti foltos nadiposzata napi gyakorisdga éves bontdsban és egyesitve a simitott
gorbével. A fliggbleges sziirke vonalak az elsé, a maximalis és az utolsé6 megfogdast mutatjak

Pallas’s Grasshopper Warbler

The fourth most abundant species with 341 ringed individuals (7able 2). The migration
took place between the 1% and the 59" day. The peak of the migration wave was on the 22
day. Of the ringed birds, 16.4% have been recaptured, 39% within two days. An average of
5.4 days elapsed between the first and last capture, 17 birds were retrapped after one week
(Figure 3, Table 3).
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Figure 3. Daily number of ringed Pallas’s Grasshopper Warbler annually and pooled with the fitted
smoothed curve. The vertical grey lines show the first, peak and last captures
3.dbra A gy(rdzott csikos tiicsokmadar napi gyakorisaga éves bontasban és egyesitve a simitott
gorbével. A figgbleges szlirke vonalak az els6, a maximalis és az utolsé megfogast mutatjak
Lanceolated Warbler

The eighth most abundant species with 100 ringed individuals (7able 2). The migration
took place between the 3™ and the 73™ day. The peak of the migration wave was on the 41%
day. Of the ringed birds, 13% have been recaptured, 23% within two days. An average of
8.5 days elapsed between the first and last capture, only seven birds were re-trapped after
one week. One bird was recaptured one year and five days after the first capture (Figure 4,
Table 3).
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Figure 4. Daily number of ringed Lanceolated Warbler annually and pooled with the fitted smoothed
curve. The vertical grey lines show the first, peak and last capture.

4.dbra A gy(r(zott foltos tiicsokmadar napi gyakorisaga éves bontasban és egyesitve a simitott
gorbével. A figgbleges szlirke vonalak az els6, a maximalis és az utolsé megfogast mutatjak

Yellow-browed Warbler

Of all the studied species, this one was caught in the highest numbers with 1580 ringed in-
dividuals (Table 2). The migration took place between the 2™ and 81* days. The peak of the
migration wave was on the 41" day. Of the ringed birds, 7.8% have been recaptured, 67.5%
within two days. An average of 2.8 days elapsed between the first and last capture, only se-
ven birds were retrapped after one week (Figure 5, Table 3).
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Figure 5. Daily number of ringed Yellow-browed Warbler annually and pooled with the fitted

smoothed curve. The vertical grey lines show the first, peak and last captures

5.dbra A gylr(izott vandorfuizike napi gyakorisdga éves bontasban és egyesitve a simitott gorbé-

vel. A figgéleges sziirke vonalak az elsé, a maximalis és az utolsé megfogdast mutatjak

Arctic Warbler

The seventh most abundant species with 122 ringed individuals (7able 2). The migration
took place between the 8" and 55" days. The peak of the migration wave was on the 29"
day. Of the ringed birds, 11.5% have been recaptured, 78.5% within two days. An average
of 2.8 days elapsed between the first and last capture, only two birds were retrapped after
one week (Figure 6, Table 3).
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Figure 6. Daily number of ringed Artic Warbler annually and pooled with the fitted smoothed curve.
The vertical grey lines show the first, peak and last captures

6.dbra A gyuriizott északi flizike napi gyakorisdga éves bontdsban és egyesitve a simitott gorbével.
A fuggéleges sziirke vonalak az els6, a maximalis és az utolsé megfogast mutatjak

Dusky Warbler

The second most abundant species with 1107 ringed individuals (7able 2). The migration
took place between the 1% and 79™ days. The peak of the migration wave was on the 55 day.
Of the ringed birds, 31.3% have been recaptured, 35.2% within two days. An average of 6.4
days elapsed between the first and last capture, 96 birds were retrapped after one week and
have three one year and one two years recaptures (Figure 7, Table 3).
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Figure 7. Daily number of ringed Dusky Warbler annually and pooled with the fitted smoothed curve.
The vertical grey lines show the first, peak and last captures

7.dbra A gyUrizott barna flizike napi gyakorisdga éves bontasban és egyesitve a simitott gérbével.
A fuggéleges sziirke vonalak az els6, a maximalis és az utolsé megfogast mutatjak

Radde’s Warbler

The sixth most abundant species with 217 ringed individuals (7able 2). The migration took
place between the 12" and 64™ days. The peak of the migration wave was on the 49" day. Of
the ringed birds 13.8% have been recaptured, 58.3% within two days. An average of three
days elapsed between the first and last capture, only two birds were retrapped after one week
(Figure 8, Table 3).
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Figure 8. Daily number of ringed Radde’s Warbler annually and pooled with the fitted smoothed
curve. The vertical grey lines show the first, peak and last captures

8.dbra A gyl(r(izétt vastagcsor flizike napi gyakorisdga éves bontasban és egyesitve a simitott
gorbével. A figgbleges szlirke vonalak az els6, a maximalis és az utolsé megfogast mutatjak

Two-barred Warbler

Of all the studied species, this one was caught in the lowest numbers with 98 ringed individu-
als (Table 2). The migration took place between the 11" and 67" days. The peak of the migra-
tion wave was on the 30" day. Of the ringed birds, 20.4% have been recaptured, 61.1% within
two days. An average of 2.8 days elapsed between the first and last capture, only one bird was
retrapped after one week (Figure 9, Table 3).
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Figure 9. Daily number of ringed Two-barred Warbler annually and pooled with the fitted smoothed
curve. The vertical grey lines show the first, peak and last captures
9.dbra A gyUrizott szalagos fuizike napi gyakorisdga éves bontasban és egyesitve a simitott gorbé-
vel. A figgéleges sziirke vonalak az elsé, a maximalis és az utolsé megfogdast mutatjak
Discussion

Most of the Siberian Passerines use the traditional autumn migration routes for the wintering sites
in SE-Asia. However, many species have european, american and african occurrence data, far
away from the usual migration routes and wintering sites, even in the opposite direction (Aler-
stam 1990). There have been many explanations developed for this in the last decades.

Based on the weather hypothesis, these species appear in Europe due to the Siberian an-
ticyclones (Baker 1977, Howey & Bell 1985, Baker & Catley 1987, Elkins 1988). In favor
of the hypothesis is the fact that the birds cannot compensate the effect of strong easterly
winds (Liechti 2006), which can sweep them far away from their traditional distribution area
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by hundreds or thousands of kilometers (Elkins 1988). This hypothesis is confirmed by the cap-
tures of several individuals of different species. For example, 58 individuals of 13 species were
detected in autumn 1975 in Britain, most of them on the Eastern coast (Baker 1977). There
was a similar ‘megadrift’ in October 1982, when Pallas’s, Dusky and Radde’s Warbler (which
have partially overlapped breeding areas) were observed in high numbers, in contrast with the
Yellow-browed Warbler, which has more northerly breeding area, and the Artic and Green-
ish Warbler, which migrate earlier. These species occurred in lower numbers than the previous
ones (Howey & Bell 1985).

The number of observations about a given species shows large variation between the years
(Rogers & the Rarities Committee 2000, 2001, 2002, 2003, 2004, www.tarsiger.com, Fraser et al.
2005, 2006, Hudson & the Rarities Committee 2007, 2008, 2009, 2010, 2011). For example, in
2013, 420, while in 2004, only 31 Yellow-browed Warbler individuals were observed in Finnland
(www.tarsiger.com), due to the different intensity of cyclones (Baker 1977). An indirect confir-
mation of this hypothesis is that the number of yearly observations of species with different dis-
tribution areas and migration timing do not show correlation (Howey & Bell 1985).

The argument against this hypothesis is that the effect of wind velocity should be different on
animals of different sizes, although this could not be proven (Pfeifer et al. 2007). Also, Europe-
an occurrence data of certain Siberian species overlap with their migration peaks, which indicates
regularity (Harrop 2007). The number of Yellow-browed Warbler in Britain increased sharply
from 1984. The annual average was 81 (27-182) between 1968—1983, and it was 382 (211-
739) between 1984-1998 (Fraser et al. 2000). The Siberian vagrants caught in North Ronaldsay
(Great-Britain) were in better condition on arrival than the general run of commoner migrants.
The reason for this might be that their build-up of fat reserves must have occurred during their mi-
gration (Woodbridge & Duncan 1998).

On the basis of the reverse migration hypothesis, some individuals could occur in Europe due
to genetic defect. In many cases, the migration direction of the observed birds differ by 180 de-
grees from the generally assumed direction (Rabel 1969, 1976, Cottridge & Vinicombe 1996,
Thorup 1998). The distribution pattern of the occurrences falls in the shadow of the area cove-
red by the correct migration route (vagrancy shadow) (Cottridge & Vinicombe 1996). According
to this hypothesis, in these birds, the inherited navigation mechanism is incorrect and the north
— south pole or the spring — autumn programme is reversed (Gilroy & Lees 2003, Pfeifer et al.
2007). In favor of the hypothesis is that the most of the European data of Siberian species over-
lap with their migration peaks and the flight distance correlates with the traditional migration
distance (Harrop 2007). In addition, the Yellow-browed and Arctic Warbler with more norther-
ly breeding areas occur in northern areas of Great Britain, compared to the Pallas’s Leaf Warbler
and Two-barred Warbler with more southerly breeding areas (Rabel 1969).

In principle, the individuals that choose the wrong direction are supposed to be under strong
selection, as they can get to areas, where the weather is unfavourable and the food supplies are
scarce. However, it seems that some individuals that choose the wrong direction can survive the
winter. Orientation experiments show that the migration direction of the survivors in spring is
easterly, so they can get back with good chance to the original breeding area, and the wrong di-
rection factor can also be inherited (Thorup 1998). The Yellow-browed Warbler has a stabile win-
tering population in Great Britain (Thorup 1998, Marchant 2002).



168 ORNIS HUNGARICA 2016. 24(1)

This species had only a few observations before 1958, but between 1958—1985 it had already
2648 occurrences, and between 19862003 there were 9093 observations. The record was 853 ob-
servation data in one year. Similarly, the Pallas’s Warbler had only a few observations before 1951
in Great Britain (Baker 1977), but between 19862003 it had already 1783 observation data with
a 303 individuals year record (Dymond et al. 1989, Gilroy & Lees 2003, Fraser & Rogers 2006).

The argument against this hypothesis is that the yearly occurrences of most species show a big
variability both in the British Isles and Scandinavia, despite the fact that the monitoring network
is relatively stable, so the observations well approximate the actual numbers, or at least are pro-
portionate (Rogers & the Rarities Committee 2000, 2001, 2002, 2003, 2004, www.tarsiger.com,
Fraser et al. 2005, 2006, Hudson & the Rarities Committee 2007, 2008, 2009, 2010, 2011). Ge-
netically, the only likely explanation is that in some years, many mutations arise, whereas in other
years only a few, and these mutations are rare and their probability is constant (Freeman & Her-
ron 2001, Gilroy & Lees 2003). In case of reverse migration, it could be expexted that the obser-
vations fall more-or-less at the same time within the distance from the breeding area. However,
the data show that the birds appear earlier in the northern regions than in the southern ones, and
the date of observations shifts to later towards the south. This time pattern is observable both in
the Scandinavian countries and Great Britain and also in continental scale (September — Scandi-
navia, December — Canary Islands) (De Juana 2008).

The long-range dispersal hypotesis says that the occurrences not typical for the species may be
in any direction (Philips 2000, Gilroy & Lees 2003). With the analysis of capture-recapture da-
ta, observations on captive birds and radio telemetry, it can be detectable in some species that in
the beginning of the migration, the birds can depart to any — even opposite — direction. These in-
dividuals migrate in the right direction only later (Berthold 1996). Dispersional movements have
amain role in the discovery of new breeding areas and in the modification of the breeding area.

In favor of the hypothesis is that the Yellow-browed Warbler, the Olive-backed Pipit (Anthus
hodgsoni), the Rustic Bunting (Emberiza rustica), the Little Bunting (E. pusilla) are regular visi-
tors in Israel (Shirihai ez al. 1996), while the Red-throated Thrush (Turdus ruficollis) has data
from Northern-Europe, Israel, Egypt, Greece, France, Spain, Taiwan, Japan and Alaska (Gilroy
& Lees 2003).

One Yellow-browed Warbler was observed in 1999 in an Alaskan Island (Lehman 2000), it
has been found in Senegal (De Juana 2008) and appeared from Iceland to Morocco, and from
the Canary Islands to Kuwait (Snow & Perrins 1998). One Lanceolated Warbler landed on a
ship 110 km north of Bjerneya in the Arctic Ocean (Lewington et al. 1991). These observa-
tions fall very far from the ’revers migration shadow’. The argument against this hypothesis
is that the Yellow-browed and Arctic Warbler with more northerly breeding areas show diffe-
rent pattern in Great Britain than the Pallas’s Leaf Warbler and Two-barred Warbler with more
southerly breeding areas (Rabgl 1969). Maybe it is more important that the length of dispersal
movements of long-distance migratory species is much shorter than the migratory distance it-
self (Berthold 1996).

Nowadays it is seems, that these birds are not really vagrants, but also regular migrants, which
have Western-European or Western-African wintering sites. The high survival rate would ex-
plain that why increased the numnber of observed individuals of some species on the last decads
(Gilroy & Lees 2003, De Juana 2008), because of the *west-orientating’ genotypes are inherited.
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In favor of the hypothesis that going to south the number of spring observations are significantly
increased. This also means that the birds use different migrations journays in spring and autumn
(loop migration) (De Juana 2008).

A positive impact of climate change on range and population size could promote vagrancy,
while the increasing use of such alternative migration flyways could provide adaptive advantages
in a changing environment (Jiguet & Barbet-Massin 2013).

From the foregoing it seems to be very difficult — may be impossible — generalize, coherent
explanation for this phenomenon. For explanation several other parameters have to be tested for
influence to the probability of the occurrences. For example, the number of individuals (unfor-
tunately there are no good estimates of the Siberian species), the size of distribution area, the dis-
tance between the breeding and wintering sites, the migratory distance, the timing of migration,
the length of the migration intervals, the variability of the European occurrences, the characte-
ristics of the yearly autumn Siberian weather etc. The possibility of the detectation is greater, if
the distribution area and the number of individuals are larger, the distance is shorter between the
breeding and wintering sites (Pfeifer et al. 2007). There is lesser probability of the effects of the
weather anomalies, if the migration of the individuals is faster and in species-level is narrow in-
terval than a species with slower migration and broader interval.

The studies species have large distribution area, expect the Yellow-browed Warbler and Two-
barred Warbler which have very large distribution area (BirdLife International 2013), but in the pre-
vious category there are big differences. The average migration length is 1500-3000 km, while the
distance between the breeding area and Western-Europe is 2000—6000 km. The average distance
between the studied site and the northern border of the breeding area is 800-2000 km (7able 1).

As mentioned above, the occurrence of Siberian species in Europe cannot be explained by any
of the hypothesis alone, since the distribution area, timing of migration and intervals of the spe-
cies differ. The observations of species which have breeding populations in Europe are most
likely explained by dispersal movements. In case of the other species, it cannot be excluded
that reverse migration takes place. This suits the occurrence data of the Yellow-browed Warbler,
whereas the large annual differences might be explained by differences in the intensity of wea-
ther conditions.

Climate change will surely have an impact on the distribution areas of the species, but at pre-
sent, weather anomalies might be a better explanation for the occurrence of Siberian vagrants in
Europe.

The expected increase in the number of records, a comparison of the results of studies along
the migration routes and the examination of the orientation capabilities of vagrants in Europe will
help to understand the observed patterns.
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Abstract This paper is the second part of our bird ringing data analyses series (Harnos et al.
2015a) in which we continue to focus on exploring data using the R software. We give a short
description of data distributions and the measures of data spread and explain how to obtain basic descriptive sta-
tistics. We show how to detect and select one and two dimensional outliers and explain how to treat these in case
of avian ringing data.
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Osszefoglalas A sorozat masodik részében folytatjuk a madargytirlizési adatok kezelését, elemzését az R statisz-
tikai program hasznélataval (Harnos et al. 2015a). A kiilonbdzo eloszlas tipusok ismertetése, a szords fogama-
nak bevezetése utan bemutatjuk, hogyan szamolhatunk egyszer(i modon leir¢ statisztikakat az adattablazatunkra.
Modszereket mutatunk a lehetséges egy- és kétdimenzios kiugro értékek felimerésére, és tanacsokat adunk a ke-
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Introduction

This paper is the second part of our bird ringing data analyses series (Harnos et al. 2015a)
in which we continue to focus on exploring data. We will give a short description of data
distributions, and explain how to obtain basic descriptive statistics. In general our template
dataset is of Pied Flycatchers trapped and ringed at the Ocsa Bird Ringing Station (Central
Hungary) between 1984-2014 (for details see Harnos et al. 2015b). The dataset is available
through our ringRr package or from the online appendix of this paper along with the code
used in this part (OH_2016 24(1) 172-181_appendix.zip). We used R 3.3.0 for the analy-
sis (R Core Team 2016) on the Ubuntu 14.04 platform. The codes were written with RStu-
dio 0.98.1103.
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Distribution types

Under a given variable’s distribution we mean the pattern of observed values on the number
line (Reiczigel et al. 2014). We can distinguish uniform, unimodal, multimodal and skewed
distribution patterns (Figure 1). In case of uniform distributions the values are spread more
or less evenly, without observable clutter or aggregation along the number line. In practice,
this pattern occurs rarely and typically is a product of artificial data generation. The other
pattern types all show that the frequency of observed values is higher at given locations. If
this aggregation occurs around a single value, the pattern is unimodal, as opposed to mul-
tiple clutters along the number line in which case, we classify the shape as multimodal (bi-
modal for two modality centres). Distribution shape and symmetry are also to be considered;
distributions can be right-skewed (i.e. more extreme observations are present at larger va-
lues) or left-skewed (i.e. more extreme observations are present at smaller values) and can
be symmetrical. Distributions can be typically illustrated with histograms and smoothed his-
tograms (see Harnos et al. 2015a for details), however boxplots may also show symmetry
and give a hint on the shape of distribution. We illustrate distribution types by plotting ob-
served values (Figure 1) and we show, how these values shape distributions and how they
are represented by boxplots and histograms (Figure 2a-e).

One of the most common and most frequently referred unimodal, bell-shaped, symmetric
distribution is the normal or Gaussian distribution. In avian ringing datasets, most of the vari-
ables that are measured on a continuous scale (typically biometric measurements) can be ex-
pected to have normal distributions (McDonald 2014). This often makes data analyses con-
venient as most of the commonly used statistical procedures rely on normally distributed

right-skewed

left-skewed

uniform 4@ ©o0 o000 o O @O 00O OO OO O 00 000
normal 4 © o O 00O OGE GDOOO OO O o o o
bimodal 4/ ©00O O ©OO @O O @ O O @000 0000
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Figure 1. Different distribution patterns described with 25-25 points: evenly distributed on the whole
data range (a), symetrically aggregating in the middle (b), aggregating around two va-
lues(c), right-skewed (d) and left-skewed (e)

Kilonboz6 eloszlas-mintdzatok 25-25 ponttal dbrdzolva: az egész tartomdanyon egyenlete-
sen s(rl (a), kozépen szimmetrikusan stirlisodé (b), két értéknél stirlisédo (c), jobbra ferde
(d), balra ferde (e)

1.dbra
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Figure 2. The data series of Figure 1, their box-

2.dbra

plots, histograms and smoothed histo-
grams

Az 1. dbra adatsorai és a beldlik készi-
tett boxplotok, hisztogramok és simi-
tott hisztogramok
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data. However, in cases when this does not apply, quite often analysts utilise data transfor-
mation to artificially create a normal distribution. While transforming data may produce dis-
tributions that fulfil the requirements of statistical procedures, one may loose the biologi-
cal meaning of the data (Ieno & Zuur 2015) making inference on obtained results difficult.
Therefore we advise to use common sense and utmost care when applying transformations.

The spread of the data

The distribution of values of a variable can be summarized by two essential statistics, one
depicting the central tendency of the data, the other the spread of the data. While central ten-
dency is usually represented with the mean or the median, occasionally with the mode, the
spread of the data with the sample variance and sample standard deviation. The variance and
the standard deviation measure the average deviation of observed values from the mean as
the centre of the distribution. More precisely, the variance is the sum of the squared devia-
tions over all observations divided by n-1, where n is the number of observations. The stan-
dard deviation is the square root of the variance, and it is measured on the same scale as the
variable. It may be useful to keep in mind, that in case of normally distributed data, appro-
ximately 68% values are within one standard deviation away from the mean; about 95% of
the values lie within two standard deviations; and about 99.7% are within three standard de-
viations. This quality of normal distributions is often referred to as the 1-2-3 standard devi-
ation rule (Figure 3).

Using variance (or standard deviation) to describe the spread of data has its limits. For
instance, we are interested to know whether Sparrowhawks (Accipiter nisus) or Goshawks
(Accipiter gentilis) have more variable wing length measurements. In our hypothetical
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0.05
95%
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Figure 3. lllustrating the 1-2-3 standard deviation rule in case of a normal distribution if the mean is
12 and the standard deviation is 2
3.dbra Az 1-2-3 sz6ras szabdly bemutatdsa 12 dtlagu és 2 sz6rdsu normalis eloszlas esetén
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example mean Sparrowhawk wing length is 249 mm with a standard deviation of 51 mm
while for Goshawks the same statistics are 533 mm and 51 mm. One might intuitively think
that both species have similar variation in wing length, as the standard deviations are equal.
However, we have to consider the value of the mean when accounting for spread. In order to
do this we can calculate the coefficient of variation (CV) as the standard deviation divided
by the mean. It can be given in percentages (CV%). This statistics gives a mean-indepen-
dent assessment of data spread, and as such can be used to evaluate our example, the CV%
for Sparrowhawks is 20.5% while for Goshawks it is 9.6%.

Table of the basic descriptive statistics

Let us observe the basic descriptive statistics (Table 1) of the distributions shown in Figure 1.
The table was created with the RemdrMisc package’s numSummary () command (Fox 2014).
The parameters we used were the name of the dataframe and the descriptive statistics to be
printed (see. 2numSummary). Notice that for the first three symmetrical distributions the mean
is close to the centre of the value range, while for the left-skewed distribution the mean shif-
ted towards larger, for right-skewed distribution towards smaller values. For symmetrical
distributions the median (50% quantile) is similar to the mean, however for skewed distri-
butions it is larger (left-skewed) or smaller (right-skewed) than the mean. The bimodal dis-
tribution has the largest standard deviation (sd) while the unimodal distribution has the
smallest, but the difference is not substantial. However, the coefficients of variation (cv)
show a marked difference among distributions. Probably the best approach for skewed dis-
tributions is to examine the different quantiles.

>options (digits = 3) # setting the number of digits
>library (RcmdrMisc)

>distr data = read.table("distr data.csv", sep=";", header=T)
>numSummary (distr data, statistics = c("mean", "sd", "cv", "quantiles"))

:‘i’s‘:fizztion mean | sd v 0% | 25% | 50% | 75% | 100%
uniform 541 | 279 | 0516 3 42 52 74 97
normal 502 | 201 | 0399 4 41 49 59 98
bimodal 508 | 328 | 0.645 3 23 41 83 98
fight-skewed 277 | 256 | 0924 2 8 20 38 98
left-skewed 730 | 246 | 0337 2 62 80 92 98

Table 1. Basic descriptive statistics of the data used for Figure 7 and 2
1. tdbldzat Az 1. és 2. dbrdkhoz hasznalt adatok leird statisztikai
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Summary statistics for groups of data

With the numsummary () function we can calculate the basic numerical summaries for groups
defined by factors or factor combinations of numeric variables. For example, if we are in-
terested in the basic descriptive statistics of the wing length in the age and sex groups of
Pied Flycatchers, we should type (note that we use the data cleaned as shown in Part 1. of
this series):

>setwd ("D:/mydirectory")

>mydata = read.table ("FICHYPl.csv", sep=";",header=T)

>numSummary (mydata$WING, statistics = c("mean", "sd", "cv", quantiles"),
groups = mydata$age:mydata$SEX)

Statistic
Group mean sd cv 0% 25% 50% 75% 100%
adult:F 79.5 1.96 0.0246 76 78.0 79 81 85
adult:M 80.8 1.87 0.0232 77 79.5 81 82 85
juv:F 79.3 1.77 0.0224 70 78.0 79 80 85
juv:M 80.3 1.92 0.0239 73 79.0 80 81 87
Outliers

In some cases observed values may be out of bounds, or simply impossible (we have already
handled the latter in Harnos et al. 2015a). These odd values or outliers are values that are
somehow out of proportion, too small or too large yet not small or large enough to be able
to a priori exclude from the observations. It is important to avoid subjectivity when identi-
fying and treating outliers and here we demonstrate a few methods that may help the eva-
luation. For normally distributed variables, values that are 3 standard deviations larger or
smaller than the mean are considered outliers. For non-normally distributed variables a fre-
quently used rule of thumb is to consider values below or above 1.5 (const) interquartile
range (10r) from the lower (01) or upper quartile (03) to be outliers, and this latter rule is
used also by R. These observations can be retrieved using the boxplot.stats () command.
In the example below we show the outliers of juvenile female Pied Flycatcher wing lengths
stored in the w1NG variable. Note that it is important to calculate these values only within ho-
mogeneous subgroups of the observations. Calculating the outliers for all ringed Pied Fly-
catchers regardless of age and sex would produce erroneous results, hence the necessity of
subsetting the data. It is useful to evaluate outliers together with the other variables of the in-
dividual. To retrieve all observations related to the individuals (i) we can use the subset ()
command as shown below.
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>mydata 1 = subset (mydata, (mydataSage == "juv" & mydata$SEX == "F" &
>mydata$season == "autumn"))

>boxplot.stats (mydata 1$WING) Sout

Sout
[1] 70 84 85 84

[
-
o

>Q1 = quantile (mydata 1$WING, na.rm =
>Q03 = quantile (mydata 1$WING, na.rm
>IQR = IQR(mydata 1$WING, na.rm = T)
>const = 1.5

>outliers = subset (mydata 1, (mydata 1$WING < (Q1 - const * IQR) |
mydata 1SWING > (Q3 + const * IQR)))

I
=
s

>outliers
ID DATE RECAP RING AGE SEX FAT MUSCLE MASS WING THIRD
258 71051  9/9/1990 0 152435 1Y F 4 <NA> 11.7 70 53
1436 429635 9/2/2006 1 T468844 1Y F 2 2 13.7 84 60
1585 503787 9/21/2007 NA 8E3738 1Y F 0 2 11.5 85 65
1616 534644 8/26/2008 0 wW55664 1Y F 0 3 11.7 84 64
TAIL year yearday period.recap season age
258 43 1990 251 0 autumn juv
1436 56 2006 244 1 autumn juv
1585 56 2007 263 0 autumn juv
1616 58 2008 238 0 autumn juv

The code stores the observations in the outliers object. Our output shows an interest-
ing pattern; all four outliers in the winG variable have correspondingly small or large other
measurements indicating that probably the observations are valid and not artefacts due to er-
roneous data entry. This example demonstrates that outliers are not values that are to be ex-
cluded automatically. In fact if we automatically exclude outliers, we alter the distribution
pattern, thus new outliers may appear. In extreme cases we may exclude the whole dataset
before we realize that there is something wrong. Bear in mind that having outliers may be
an indication of skewed distribution and instead of leaving the values out of the analyses we
may be more successful in using methods that are applicable to skewed distributions. Quite
often we only notice the potential outliers in later phases of the analysis. For example, the
outlier indicated with an arrow on Figure 4 (see Box [ for scatterplot) can only be noticed
when we examine the two variables together, but separately it is impossible. Such bivariate
outliers are useful for checking data entry, e.g. we expect that flycatchers with longer wings
have longer tarsi. Such an outlier may help finding misspelled data.

To explore the relationship of two numerical variables and the outliers, we can use a more
advanced scatterplot function from the car package. We show its usage with the winG and
THIRD variables in the case of juvenile female birds measured during the autumn migra-
tion season (Figure 5). The variables for the plot are given in a so called formula, as y ~ x,
where y is the dependent and x is the independent variable. Since the variables are measured
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Figure 4. A scatterplot with an outlier
4.dbra Szérasdiagram kiugro értékkel

Scatterplot

To describe the two dimensional distribution of two variables we use the scatterplots, where
data is displayed as a set of points. One variable determines the position of the points on the
horizontal axis, while the other variable determines the position on the vertical axis. We can
inspect the plot visually and notice if there are points that lie distant from the main data distri-
bution. These points are potential outliers in a two dimensional sense.

Box 1.  Scatterplot
1. doboz Szérasdiagram

with 1 mm precision, both of them are discrete, therefore, the scatterplot is typically unin-
formative because the data points are overplotted. Jittering the data (i.e. adding a small ran-
dom quantity to each coordinate (Cleveland 1994)) can be useful in these cases. We used the
jitter () function in the formula.

The scatterplot () function of the car package (Fox & Weisberg 2011) makes a usual
scatterplot with several additional options (see ?scatterplot).

>library(car)

>scatterplot (jitter (WING) ~ jitter (THIRD), data = mydata, smooth = F,
subset = (season == "autumn" & SEX == "M" & age == "juv"), reg.line = F,
ellipse = T, levels = c¢(0.95, 0.99), id.method = "identify")
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Figure 5. Scatterplot of the jittered wING and THIRD variables with boxplots on the sides and 95%
and 99% concentration ellipses

5.dbra A wING és THIRD valtozok szérdsdiagramja boxplotokkal a tengelyek mellett, valamint az
adatok 95 és 99%-at tartalmazo ellipszisekkel. Az atfedések miatt a pontokhoz hozzdadtunk
egy kis véletlen értéket (jitter) a jobb attekinthetéség kedvéért

This adds marginal boxplots for both variables (Figure 5) and plots a nonparametric-regres-
sion curve (smooth) and a regression line (reg. 1ine) to the plot by default. Since we do not
need the regression line now, we set the reg.1ine = F. We call this function with a subset of
the data as specified using a logical expression. If we can assume, that the two variables are
linearly related and their two dimensional distribution is normal, than the e11ipse parame-
ter is also useful to find possible outliers (Fox & Weisberg 2011). If it is set to TRUE, data-
concentration ellipses are plotted. With the 1evels parameter, the levels of concentration
ellipses can be set, which means that in case of a two dimensional distribution, we expect
that a specified proportion (set by this parameter) of the data fall inside the ellipses. In this
case we used two levels: 95 and 99%. With the parameter id.method = "identify", we
can get the position of the graphics pointer when the (first) mouse button is pressed. It then
searches the coordinates given in x and y for the point closest to the pointer. If this point is
close enough to the pointer, it’s index will be returned as part of the value of the call (Becker
et al. 1988). Usually the identification process can be terminated by pressing the esc key or
by closing the graphics device (for more details see ?identify).
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Two dimensional outliers can be caused by erroneous data entry, thus the evaluation pro-
cedure should be similar to outliers of a single variable. If we decided that the value is im-
plausible we may exclude the observation. However, if we are unsure, the best approach is
to run the statistical analyses with and without the observation in question and evaluate the
results. If we plan to publish our results, it is necessary to mention and advisable to report
analyses with and without the outliers. Maybe the outliers are our most interesting observa-
tions that may help further our knowledge in our field.
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