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Reproductive success in birds is influenced by a variety of factors, many of
~ which can be attributed to human activities such as land use or forest man-

agement . Others like weather or age of the birds are not under human con-
V trol but are influential as well . From 1992-96, I examined breeding phenol-

ogy and performance of Middle Spotted Woodpeckers Dendrocopos medi-
us in northeastern Switzerland in relation to weather, territory quality and
age of the birds . Timing of breeding, length of the nestling period as well as
nesting and breeding success significantly differed between years . On aver-

~ ~ age, incubation started earlier in years with higher daily temperatures in
March-April . Neither territory quality nor the participation of 1-year old
individuals in pairs influenced breeding success, whereas low temperatures

~. , and high amounts of rainfall during the nestling phase negatively affected
breeding performance, which probably reflects the difficulties encountered
by the woodpeckers in provisioning their young with sufficient food during
periods of bad weather. These findings suggest that weather events can
strongly influence reproduction even of primary cavity-nesting species,
exceeding presumed differences in habitat quality at a local scale .

Key words : Dendrocopos medius - breeding biology - reproductive success
habitat quality - weather - radio-tracking - oak forest - Picidae .

IZoological Museum and Institute, University of Zurich, ZH-Irchel, CH-
4 J/ p\ 8057 Zurich, Switzerland; 2Present address : Virginia Polytechnic Institute

and State University, Department of Biology, Blacksburg, Virginia, 24061-
0406, USA ; E-mail: gpasi@vt.edu

INTRODUCTION son 1985) . Reproductive success in birds is influ-
enced by a variety of factors, which differ widely

Management decisions in favour of threatened or among species (Newton 1989) . In the context of
desired species are often based on density esti- species conservation, questions pertaining to the
mates . These are believed to reflect habitat quali- relation between reproductive success and territo-
ty, although the assumed positive correlation ry quality are of particular interest, because quali-
between population density and habitat quality ty is often defined by specific habitat structures
does not necessarily exist (Van Home 1983 ; Kell- (e .g. Conway & Martin 1993), which might be
ner et al. 1992) . Reproductive performance, along affected by management decisions . However, it is
with other demographic parameters, has been sug- also important to identify factors that are not
gested as a superior estimator of habitat quality. under human control, but that might influence
Moreover, information on reproductive success is reproductive success such as the age of the breed-
particularly important, for example to estimate ing birds (Saether 1990) or weather conditions
population viability (e .g . Haig et al. 1993), or to during the breeding period (Wiktander et al.
investigate processes of extinction (e.g . Petters- 1994) . Therefore, reproductive performance along
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with factors affecting it must be known, both to study area consists of an oak-hornbeam forest
take appropriate conservation measures and to managed for centuries as coppice-with-standards
assess their suitability. (`Mittelwald'), a forestry practice that results in a

In this paper, I present data on annual and sea- two-layered forest with large trees forming the
sonal patterns of the breeding cycle as well as on canopy and small trees below the canopy. In the
nesting and breeding success of the Middle Spot- Niderholz, the canopy is dominated by oak Quer-
ted Woodpecker Dendrocopos medius in north- cus sp ., with occasional Scots Pine Pinus sylves-
eastern Switzerland . I also evaluate the effects of tris, Norway Spruce Picea abies and Norway
weather, age and territory quality as some poten- Maple Acer platanoides, whereas the dominant
tially influential factors of breeding performance . tree species below the canopy are Hornbeam Car-
The results suggest that weather events can have a pinus betulus and lime Tilia sp . Additional data
dramatic influence on breeding success, even were gathered in forests close to Bulach (four
overriding presumed differences in habitat quality. nests) and Kreuzlingen (three nests) in 1995 and
This is particularly striking, as this study was car- 1996, respectively. These study areas essentially
ried out on a primary cavity nesting species, which consist of mature deciduous forest fragments
would be assumed to be less affected by weather within large mixed forests (> 500 ha) . In the
and/or predation than open nesting species due to Bulach study area (47°32'N, 8°32'E; 440 m
protection offered by cavities (Martin & Li 1992). a.s .l .), the fragments are remnants of the formerl y

widespread oak high forests which have declined
since the early 191h century (Biirgi 1997). The

METHODS dominant tree species are oak, Beech Fagus syl-
vatica, and Hornbeam, whereas Larch Larix

The Middle Spotted Woodpecker is a medium- decidua, Scots Pine, Norway Spruce, birch Betula
sized (59 g), non-migratory species mainly inhab- sp . and poplar Populus sp . occur less frequently.
iting mature oak forests (Winkler et al. 1995) . The Fragments in the Kreuzlingen study area
social system is characterized by seasonal social (47°36'N, 9°12'E ; 510 m a .s .l .) still show the char-
and genetic monogamy (Michalek 1998) and terri- acteristic structure of past coppice-with-standards
toriality in spring (Pasinelli 1999) . One clutch is management practice . Main tree species are oak,
normally produced per year, although replace- Ash Fraxinus excelsior and Great Maple Acer
ment clutches have been observed in some cases pseudoplatanus, intermixed with some Larch,
(e .g . Pasinelli 1993) . Food consists during the Scots Pine, Norway Spruce and Black Alder
whole year of bark-living arthropods (Glutz von Alnus glutinosa . As the reproductive parameters
Blotzheim & Bauer 1980), whereas the young are examined differed neither between the study areas
primarily fed with caterpillars gathered from the Niderholz and Bulach in 1995 nor between Nide-
foliage (Tárák 1990) . A new cavity is excavated rholz and Kreuzlingen in 1996 (Mann-Whitney
each year, with the male taking the larger share U- and Fisher's exact tests, P> 0 .05 in each case),
(Michalek 1998 ; own obs .) . The species has decli- I pooled the data of 1995 and 1996, respectively,
ned in many parts of its range (Mikusinski & across study areas for subsequent analyses .
Angelstam 1997) as a consequence of habitat As a part of a larger study on the Middle Spot-

destruction due to intensive timber harvesting . ted Woodpecker's ecology (Pasinelli 1999), indi-
From 1992-96, breeding biology was studied viduals were caught with mist nets either at feed-

in the northeastern part of the Swiss lowlands . ers (one per 12 ha, not refilled after trapping), by
1\venty-eight nests were monitored in the study attracting them with a playback tape and a stuffed
area Niderholz (47°37'N, 8°37'E; 120 ha, 380 m woodpecker, or at their roosting cavities . Each
a .s .1.), which is part of an 800 ha forest, situated bird was classified as 1-year old when it pos-
35 km north of Zurich near the river Rhine . The sessed unmoulted brownish-black greater wing
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coverts or as adult (>_ 2-year old) when it had only two variables, which have been shown to influ-

black coverts (Glutz von Blotzheim & Bauer ence home range size of the Middle Spotted
1980) . All individuals were marked with colour Woodpecker (Pasinelli 2000) . The first one is the

rings and then fitted with a small radio transmitter density of large oaks (>_ 36 cm diameter at breast
(1 .5 - 2 .0 g, c . 3 .5% of the bird's body mass), height, dbh) and relates to food supply within a

which was glued onto the base of the two central home range ; the second variable is the density of
tail feathers using a cyanoacrylate glue. potential cavity trees (having either old cavities,

Of 35 nests found by following the radio- limb holes or polyporous fungi), describing the
equipped birds, twelve could be reached with a 12 availability of suitable nest sites within the home
m ladder, whereas the others were either higher up range . Some large oaks were also potential cavity
or in rotten stems, making inspection too danger- trees (see Pasinelli 2000), but other tree species
ous for observers and carrying the risk of destroy- such as Ash or birch can account for up to 68% of
ing the cavity tree. I counted the numbers of eggs all the potential cavity trees in an area (own unpu-
and nestlings at an age of 4 - 6 d, respectively, in bl. data) . These habitat data had been sampled on
seven of the twelve accessible nests, and the num- circular plots of 0 .03 ha, located at the intersec-
ber of nestlings at an age of 16 - 19 d in all twelve tions of an 150 x 80 in grid . Based on the plots
nests using a dentist mirror and a lamp . The young within a home range (= 95% convex polygon), I
present in the cavity during the latter inspection calculated an average value for each variable with
were assumed to survive to fledging, and their RANGES V (Kenward & Hodder 1996) .
number was therefore taken as breeding success . Data on weather conditions during the study
At the 23 inaccessible nests, breeding progress period were obtained from the SMI-MeteoSwiss
was deduced from daily observations with a tele- of lowland stations located at approximately the
scope . Incubation start was defined as the day, same altitude in the immediate vicinity of my stu-
when the pair-partners took turns in performing dy forests . I examined the influence of weather on
nest duties and remained invisible in the cavity breeding performance using the means of both the
until the next turn . I defined hatching date as the daily temperature means and the amount of rain
day when the first feeding was observed (cf . Pet- during March/April and the nestling period,
tersson 1984) and nestling period as the time respectively. For between-year comparisons, the
between hatching and the day the last young had latter was defined as the time between the median
left the cavity. When the fledging day approached hatching and fledging date of a year . For 1993,
- easily told from the changes in the begging calls median incubation start and hatching date were
of the young - nests were observed daily for sev- determined by calculating back from the median
eral hours to determine the number of young leav- of three fledging dates using the grand medians of
ing the cavity, which then was considered as incubation and nestling period length of the other
breeding success . If neither begging calls of nest- years, respectively . Because incubation and nest-
lings nor feeding by parents were observed for ling period length calculated in this way for 1993
three more hours after a nestling's leaving the do not represent real values, 1993 was excluded
cavity, all young were assumed to have fledged, from all analyses dealing with the lengths of incu-
which usually occurred within a day (own obs .) . bation and nestling periods of individual broods .
There was no significant difference in breedin g
success between nests inspected with the ladder
and those where the young were counted when RESULTS
leaving the cavity (unpaired t-test t33 = 0 .99, P >
0.32) . Therefore, the two data sets were pooled Timing of breeding
for further analysis . Over all years, the beginning of incubation

Territory quality was defined on the basis of ranged from 27 April to 11 May . The median



356 ARDEA 89(2), 2001

o incob Wo i st ut
5 The durations of the nestling pe riod varied

o natc hi i, j d .iw, considerably (Fig. 1) and the annual median se fledgira daics

were significan tly different (Kruskal-Wall is test,
1996 o cc . -x j ~ c <,:,. 000 o m e H

3 = 15 .8, P < 0 .002) . The shortest nestling peri-s ~9 n=-.9 n =8

1995 o~. ( K - X3 1xo.o 00 e, A m od was recorded in 1996 with a median of 22 d (n

~-'"~; 1-10 -~ = 8), whereas the corresponding values were 24 d
1994 00~ o ~.~~ o °~° r7=4 - in 1995 (n = 4), 25 d in 1992 (n = 3) and 26 d in
1992 ~e 40 .e 1994 (n = 5) . Average length of the nestling peri-n=3 n

=3 od in a year was neither related to the mean tem-

26 1 6 11 16 21 26 31 5 10 15 perature nor to the mean amount of rain in that
April I May I June period.

Fig.l . Breeding phenology of the Middle Spotted Nesting and breeding succes s
Woodpecker. Medians are shown as filled symbols, n Clutch size of seven nests averaged 6 .4 eggs
number of pairs. (range: 5 - 8) ; mean hatching success (= number

of hatchlings per laid egg) was 71% (range 63 -

83%) and mean fledging success (= number of

dates of the incubation start differed significantly fledglings per laid egg) 40% (0 - 83%) .

between years (Kruskal-Wallis test, H3 = 14 .0, P 74.3% of the 35 nests were successful (i.e.
< 0 .003; Fig.1) . These differences were linked to fledged at least 1 young) . In 1995, nest success
the temperatures in early spring, which is suggest- was only 40% and significantly lower than in the
ed by a strong negative correlation between the other years combined (Fisher's exact test, P <
mean temperature in March/April and the median 0 .008; Fig . 2) . This might have been due to the
incubation start (Spearman rank correlation, rs, low temperatures during the nestling phase, which
0 .98, n = 5, P < 0.005 ; Table 1). is suggested by a positive relation between the

The number of days within which the obser- average temperature during that phase and nesting
ved pairs had initiated incubation in a year varied success (rs = 0.95, n = 5, P < 0.015, Table 1) .
between 7 (1994) and 12 (1996) . Incubation Overall, 82 young fledged from the 35 nests,
length did not differ between years (Kruskal-Wal- resulting in a breeding success of 2 .3 young per
lis test, H3 = 4 .2, P> 0.24) : the medians were thir- pair. Excluding the unsuccessful nests, mean
teen days in 1992 and twelve days in the other breeding success of 26 pairs was 3 .2 .
years (range : 10 - 13) . There were significant differences in breeding

Table 1 . Weather conditions, incubation start and nesting success from 1992-96 . n = number of nests . Nestling
period : time between the median hatching and fledging date of a year.

Year 0 temperature (°C)
0 rain (mm) median date nesting n

March/April nestling period nestling period incubation start success (%)

1992 7.1 16.0 2.02 5 May 100.0 3
1993 7.8 17.1 3.55 4 May* 100.0 4
1994 8.5 14.5 7.53 29 April 87.5 8
1995 6.3 12.9 5.32 5 May 40.0 10
1996 6.0 14.5 3.13 6 May 80.0 10

*calculated back from fledging dates (see Methods)
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Fig.2. Nesting and breeding success of the Middle Fig3. Relation between breeding success and mean
Spotted Woodpecker from 1992-96 (n = number of rainfall (mm) during the nestling period (n = 16) .
nests) .

success between years both on the basis of all 31% of the variation in breeding success . Mean
nests (1-way-ANOVA, F4.30 = 5 .61, P < 0 .002; amount of rain during the nestling period correlat-
Fig .2) and when considering only successful nests ed negatively with breeding success (Fig . 3),

(F4,21 = 3 .28, P < 0.04) . Post-hoc pairwise com- whereas none of the two variables used to descri-
parisons between all years revealed that for all be territory quality, i .e . the density of large oaks
nests breeding success was lower in 1995 than and the density of potential cavity trees, turned
both in 1993 (Tukey's HSD, P < 0 .003) and in out to be useful predictors .
1996 (P < 0 .02) ; after excluding the unsuccessfu l
nests, only the 1995/1993 difference remained Breeding performance in relation to age
significant (Tukey's HSD, P < 0.05). Age effects were investigated by comparing

Ecological reasons for differences in breeding pairs with at least one individual being 1-year ol d
success between individuals were examined with with pairs consisting only of 2-year old or older

a backward stepwise multiple regression analysis birds . To account for differences between years, I

(Table 2) . In the resulting model just one of the standardized incubation start, length of incubation

four independent variables (mean amount of rain and nestling period as well as breeding success by

during the nestling period) had a significant effect using the deviations from the annual averages

(Fl t4 = 6 .36, P < 0 .024), but it explainéd only (medians or means). I found no significant differ-

Table 2 . Results of a backward stepwise multiple regression analysis with breeding success as the dependent var-
iable and 0 temperature (°C) and 0 amount of rain (mm) during the nestling period as well as the densities of lar-
ge oaks and potential cavity trees as independent variables .

Variable Regr. Coeff. SE Std. Coeff. T P<

0 rain -0.305 0.121 -0.559 -2.522 0.024
Constant 4.442 0.623 - 7.129 0.001

Model: F1114 = 6.359, P < 0.024, SE = 0.991, RZ = 0 .31, R2adj = 0.26, n = 161 .

lEach individual used only once .
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ences between pairs with and without 1-year old le, numerous studies have been conducted to iden-
birds, neither regarding date of incubation start tify those factors that fine-tune the onset of breed-
(Mann-Whitney U-test, U = 7 .5, P> 0.49, n1 = 7, ing both within and between seasons (e .g . Blondel

n2 = 3), duration of incubation (U = 6 .0, P> 0 .3, et al. 1990) . In the present study, incubation start-

nr = 7, n2 = 3), length of the nestling period (U = ed on average earlier in years with warmer early

4.0, P> 0.5, nl = 6, n2 = 2), successful nesting spring weather. Similar relations between weather
attempts (Fisher's exact test, 1-tailed, P> 0.68, n conditions in early spring, measured either as
= 12) nor breeding success (unpaired t-test t10 = - temperature-sum or average, and the beginning of
0.61, P > 0.55). Thus, a 1-year old bird does not egg-laying have been reported for different inhab-
seem to be disadvantageous to a pair's breeding itants of temperate zone forests such as tits Parus
performance. spp. (Schmidt 1984; Nager & Van Noordwij k

1995 ; Wesolowski 1998), Eurasian Nuthatches Sit-
Nest failures ta europaea (Matthysen 1989 ; Enoksson 1993), or

At least eight of the nine nests that failed to woodpeckers Dendrocopos spp. (Wiktander et al .

produce fledglings must have contained nestlings 1994 ; Hogstad & Stenberg 1997) . Since spring
because feedings were observed. The young of temperatures regulate vegetation development in
two nests perished within the first ten nestling temperate latitudes (Schmidt 1969 ; Nizinski &

days, and those of two other nests during the week Saugier 1988 ; Buse et al. 1999), the relation

prior to fledging. Three of the nine unsuccessful between weather conditions and the annual onset
nests were raided by predators : in two cases, the of breeding is probably only of indirect nature,
entrance hole was enlarged, casting suspicion on reflecting the birds' use of some environmental
larger woodpecker species, whereas in the third, features as proximate cues to initiate laying . Mid-
feathers with characteristic bite signs of a mam- dle Spotted Woodpeckers primarily feed their
malian predator were found at the base of the cav- young caterpillars gathered from the foliage
ity tree . Interestingly, these three losses happened (Ttirák 1990), and since the emergence of caterpil-
in the week before fledging in 1995, which was a lars depends on the leaf bud burst (Van Balen
year with low temperatures during the nestling 1973 ; Buse et al. 1999), it is very likely that vege-
stage (Table 1). Finally, one nest was destroyed tational cues govern egg-laying in this species .

during a storm that caused the limb with the nest Alternatively, food availability in spring might be
to break at the position of the cavity. In two pairs, a causal factor determining the timing of breeding
replacement broods were observed, of which one (Daan et al. 1988), either by serving as a (further)
was successful (Pasinelli 1993) . proximate cue or by influencing female body con-

dition in a time of high energetic needs due to egg
production . Presumably, there are several inter-

DISCUSSION acting factors accounting for the variation in th e
onset of reproduction between years, and the

Timing of breeding importance of each factor might differ among spe-
The breeding season of the Middle Spotted cies . Ultimatively, the Middle Spotted Woodpec-

Woodpecker in northeastern Switzerland is highly ker's timing of breeding is probably adapted to
synchronized both within and between years . A ll synchronize the period of highest food demand of
woodpeckers initiated incubation within 15 d, the nestlings to the peak of caterpillar abundance,
with 80% of the pairs starting in the last four days as suggested by studies on tits (Van Balen 1973 ;
of April and the first week of May. In birds of Zhandt et al. 1990 ; Perrins 1991 ; Nager & Van
highly seasonal environments, the general timing Noordwijk 1995 ; Naef-Daenzer & Keller 1999) .
of the reproductive period is under photoperiodic
control (Immelmann 1971) . On a smaller time sca-
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Factors affecting breeding performance tionship between home range size of this wood-

Breeding performance of the Middle Spotted pecker and the densities of large oaks (>_ 36 cm
Woodpecker seems to be primarily affected by dbh) and of potential cavity trees. However, there
weather conditions during the nestling phase . Par- was no relation between these two measures and
ticularly, mean temperature and mean amount of breeding success of the Middle Spotted Wood-
rain during that period were significantly related pecker in the present study . This somewhat unex-
to nesting and to breeding success, respectively, pected result suggests that either the considered
with warm and dry weather being advantageous . variables do not adequately represent territory
Most likely, these correlations reflect the varying quality or that differences in territory quality do
food supply during breeding time, because activ- not translate into breeding success . Since the birds
ity and growth of caterpillars is positively influ- obviously adjust their home range size to the
enced by temperature (Liebhold & Elkinton 1988 ; available resources (Pasinelli 2000), differences in
Stamp & Bowers 1994 ; Fischbacher et al. 1998) . habitat quality may already be compensated . Nev-
Therefore, parents might not find enough food in ertheless, breeding pairs of the Middle Spotted
periods of cold and humid weather, so that the Woodpecker are, with few exceptions (see : Gunt-
young either starve to death or are more suscepti- her & Hellmann 1997), only found in mature
ble to parasites because of poor body condition or deciduous forests rich in oaks (Winkler et al.
to predators. 1995), and therefore, habitat quality does govern

Pairs with 1-year old birds were not less suc- the breeding performance of the species, be it not
cessful than pairs with only 2-year or older indi- on a small scale, but rather on the landscape level .
viduals . Wiktander (1998) showed that old pairs of
the Lesser Spotted Woodpecker, i .e. consisting of
birds breeding together for consecutive years, had ACKNOWLEDGEMENTS
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