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Abstract: There is a lot of discussion on the phenology of migration in both management and
scientific literatures. Using abundance indices, several monitoring programs have looked into the
existence of Western European bird species in various Palearctic regions. Our goal was to describe
the Woodcock's presence in Italy both during the wintering phase and pre-nuptial migratory phase.
We examined the information gathered between September and March between 2016 and 2021. The
presence of woodcock in Italy and other regions of the Mediterranean basin might be compared
thanks to the use of the “Indice Cynégétique d'Abondance” (ICA). Temperature and altitude have
opposite effects on the abundance index. The monitoring data allowed for the identification of the
Woodcock's preferred habitat in the Italian areas, which is a deciduous woodland. Woodcock
presence increased from the end of September to late November, and it decreased in late January.
The ICA, however, had a considerable increase at the end of February and the beginning of March,
attesting to the presence as determined by the pre-nuptial migration period. These findings add
significantly to our understanding of the phenology of woodcock migration, particularly for the
Italian regions, and provide fresh perspectives for potential management strategies in the future.

Keywords: autumn migration; wintering; pre-nuptial migration; Mediterranean area; abundance
indices; monitoring

1. Introduction

Many birds are considered game species and their management choices require
knowledge of population abundance to produce adequate hunting plan or hunting
quotas, as requested by art. 7 of European Birds Directive n® 09/147. Regarding migratory
species, the debate also concerns the area where populations’ abundance should be
monitored. Often, when the breeding areas are in remote places, the monitoring plans are
very scarce [1].

The Eurasian Woodcock Scolopax rusticola (hereafter Woodcock) is a mostly
migratory wader, widely distributed in the Palearctic [1, 2] whose breeding areas range
from Fennoscandia to Eastern Russia [3, 4, 5, 6]. In Western Europe the distribution of
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Woodcock is more fragmented and involves United Kingdom, Germany, France, Alps and
Pyrenees Regions; some sedentary populations inhabit in northern Spain, the Azores,
Madeira and Canary Islands [7].

The Mediterranean basin is an important wintering area for the Woodcock but, until
now, monitoring programs addressing its” abundance during that period were developed
in the UK [3], Spain [8, 9], France [10, 11, 12], or Portugal [13]. In Italy, some studies
analysed age and sex ratio [14, 13, 15, 16].

On this species, population abundance is investigated with both methods, directly
and indirectly (Bibby et al. 2000), even if in wintering areas are more common indirect
evaluations, based on abundance indices [8, 13].

Abundances estimates could be obtained from an index derived by hunting trip [10]
or another obtained from nocturnal banding trips [10, 17].

The abundance indices are widely used in ecology and into a monitoring program,
because they are simple to calculate, easy to understand, and have a long history of
application. Furthermore, abundance indices are better than species occurrence indices
[18].

Several studies investigated the abundances of bird communities using abundance
indices and highlighted spatial distribution, habitat preferences [19, 20, 21], richness
biodiversity and effect of local environmental changes [i.e. 22, 23].

In this context, Woodcock monitoring programs are even more important, since they
allow researchers to determine population abundance and correlate species richness with
climatic, environmental, and anthropogenic changes.

Currently, the conservation status of Woodcock is evaluated as “Least Concern” in
the red list of the International Union for the Conservation of Nature [24]. In Europe, the
breeding trend appears stable [25]; the specie is classified as "huntable” in the second
annex of the EU directive 09/147 and, according to the most recent data, the European
population is estimated between 15 and 20 million individuals [26, 27].

We analysed systematic data collected in Italy, by Woodcock hunters, between
September 2016 and March 2021, in areas where Woodcock hunting was permitted.

The main goals were to investigate the Woodcock's wintering, and the pre-nuptial
migration phenology, by examining the trend of its abundance from the beginning of the
wintering season (first decade of September) till the end of March that could represent the
last period of stay in the Mediterranean region.

This study, which was carried out with the same methodology and sample effort in
the Italian regions, constitutes the first step in the creation of species monitoring programs
that may cover the entire national territory.

2.Methods

Survey

We developed a monitoring program with the collaboration of Woodcock hunters,
from September to March, 2016-2017 to 2020-2021, in Italy. The hunters were previously
trained through qualification courses, whose contents were recognized and validated at
ministerial level.

Each season we considered two periods: hunting period (September to January) and
post-hunting period (February and March). In Italy, the Woodcock hunting is allowed
from the third Sunday of September to the 31° of January. During these periods, the
collaborators reported the following information for each hunting or monitoring trip:
date, place (at Municipality scale), time (hours and minutes) spent hunting ¢ onitor
(in the post-hunting period), number of Woodcock flushed (their estimatc . differciic
birds), number of participants, number of pointing dogs used, temperature (recorded with
personal smartphone), altitude (recorded with personal smartphone, for altitude bands of
500 meters), and vegetation type using threc c:tegories: deciduous wood, coniferous
wood, brushland.
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These data were submitted to an online database, named Beccapp 100
(http://www.beccapp.it), where each hunter registers himself using personal username 101
and password. 102

The information collected allows to estimate the abundance of Woodcock in the form 103
of a hunting index of abundance (ICA - "Indice Cynégétique d'Abondance"; Fadat 1979), 104
which corresponds to the number of different Woodcock flushed during a hunting trip, 105
considering a standard duration of 3.5 hours, divided for the effective duration of the trip. ~ 106
Other two parameters have been used as divider in the calculation of ICA: the number of 107

hunters and the number of pointing dogs involved in monitoring session [13]. 108
Specifically, IC A1 calculated as: 109
ICA: (number or different Woodcocks contacted / trip duration / number of 110

participants / number of pointing dogs used) * 3.5 111

112

During the hunting period, according to Italian national law n° 157/92, the hunting 113
trips can be carried out on the five weekly days (excluding Tuesdays and Fridays). In post- 114
hunt period (from 1th February, or from the day of the closing of Woodcock hunting, 115
to the 547 of March), the trips can take place on four fixed days per week (Tuesday, Friday, 116
Saturday and Sunday). 117

Statistical analysis 118

We conducted an AN (2'A test, using the habitat type as a covariate and the latitude 119
of the monitoring municipality, recorded in decimal degrees, as the fixed factor, to 120
examine the variation in the abundance index with respect to latitude. 121

We evaluated the variation in Woodcock abundance according to temperature, 122
altitude and vegetation type in three independent zero-inflated negative binomial (ZINB) 123
regression models, each including the number of Woodcock flushed as dependent 124
variable, and the log of the duration of the trip as an offset. Because these data were not 125
available across the entire dataset, we were not able to include these variables in further 126
analyses. 127

The variation in Woodcock abundance was evaluated during and between seasons, 128
with generalized additive mixed models (GAMM), with negative binomial error family, 129
including the season, the day of the season as a “cycling” variable, the coordinates of the 130
centroid of the commune where the hunting trip took place, the random effect of the 131
hunter, and the log of the duration of the trip divided by the number of dogs and by the 132
number of hunters participating in that trip, was included as an offset (to accommodate 133
differences in sampling effort). We developed three models, full season (hunting period + 134

post-hunting period), hunting period and post-hunting period. 135

All statistical analyses were performed in R 4.0.5 [28] and the significance of the test 136
was considered at p <0.05. 137
3. Results 138

A total of 36,443 trips registered in the Beccapp, were usable for the analyses, 139
corresponding to 29,368 Woodcock hunting trips, with pointing dogs, during the hunting 140
period from 2016-2017 to 2020-2021 (September-January of each hunting season), and 141
7,075 Woodcock monitoring trips, with pointing dogs (no shooting), during post-hunting 142
period (in February and March) (Table 1). 143

Table 1. Number of hunting/monitoring trips registered per decade, per season. 144

Season
Sampling  Month decade 2016-2017 2017-2018 2018-2019 2019-2020 2020-2021

Hunting September 2 2 7 1 5 1
o 3 20 16 17 13 14
petio Octaber 4 71 81 109 150 141
5 117 144 272 448 342
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6 278 436 438 729 766

7 291 555 746 983 932

November 8 416 635 947 773 595

9 312 416 831 926 571

10 339 489 1016 964 580

December 11 272 321 676 770 1093

12 281 381 833 894 399

13 166 220 482 665 478

January 14 169 261 386 608 574

15 209 205 251 371 466

16 33 38 170 205 174

February 17 142 128 269 296 466
Post-hunting 18 96 164 271 468 582
period 19 110 245 546 439 476
March 20 170 243 230 13 433

21 89 176 225 4 174

During these trips, over 131,590 hours were spent searching for Woodcock, in 1,588
of the 7,998 Italian communes (Figure 1), resulting in 55,467 contacts with individual birds.
The ANOVA model in which habitat type was a covariate and latitude a factor, did
not explained significantly the ICA variation (df = 1421; F = 2.953: p = 0.0.86), and ICA

showed similar values throughout the Italian peninsula (Fig. 1).

2016-2017 2017-2018 2018-2019

2016-2017 - 2020-2021

2019-2020

2020-2021

Figure 1. Spatial distribution of Woodcock abundance (Woodcock flushed/ho
Italian commune, by season (top row) and in average (2016-2017 to 2020-2021; vuccom row). The

warmer colours indicate higher abundance. Grey corresponds to non-available data.
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flushed/duration/hunters/dog

The abundance of Woodcock increased with temperature (ZINB, p < 0.001; Fig. 2a),
and decreased with altitude (ZINB, p < 0.001; Fig. 2b), and varied by habitat type (ZINB,
p < 0.001; Fig. 2c), with coniferous wood having the lowest presence of Woodcock and
deciduous wood having the highest ones.
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Figure 2. Variation of mean Woodcock abundance (¥

pugiato comvoro
altitude vegetation

temperature (a, dashed lines correspond to CI 95%), altitude (b) and habitat type (c).

The results of the full season model (hunting period + post-hunting period) were
nearly identical to those obtained with data limited to the hunting period (Table 2). The
model exhibited some over-dispersion and explained 37.3% of the variance (1.36). The
amount of Woodcock flushed was significantly affected by the hunter, the location, and
the day of the hunting period (Table 2). Furthermore, these impacts appeared to be more
relevant than seasonal variation, which was equally significant (Table 2).

Table 2. Result of the generalized additive mixed model (GAMM) of the number of Woodcock
flushed.

Edf Ref.df Chi square p-value

Season 3.921 3.994 240.6 <0.001
Day 7.920 8.000 6593.7 <0.001
X,y 16.805 18.284 496.5 <0.001
Hunter 938.483 1263.000 13217.0 <0.001

The abundance of Woodcock decreased between 2016-2017 and 2017-2018 seasons,
but after a significant recover, in 2018-2019, remained stable until 2020-2021 (Figure 3).
For instance, the decrease from 1.0 in 2016-2017 to ~0.8 in 2017-2018 roughly corresponds
to a decrease of 20%.

Finally, we considered Woodcock flushed during monitoring trips, in relationship to
decades, to evaluate the trend of Woodcock abundance in both, hunting and post-hunting,
periods.
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abundance
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Figure 3. Variation of Woodcock abundance between seasons (2016-2017 to 2020-2021), fitted with
a generalized additive mixed model. The grey area corresponds to the confidence interval 95%. The
points show the random effect of the seasons and the vertical lines the respective confidence
intervals 95%.

The abundance of Woodcock increases 4.75-fold from late September until around
the decades nine and ten of the hunting period, which correspond to late November and
the beginning of December, and it suffers a 0.84-fold decrease until the end of the hunting
period, in late January. During the post-hunting period, the abundance suffers a slight
increase; in late March, the Woodcock is still present in Italy, in a level of abundance 1.17-
fold higher than in early February, right after the end of the hunting period (Tab. 3; Fig.
4).

Table 3. Result of generalized additive mixed models (GAMM) of the number of Woodcock flushed
in Italy, between 2016 and 2021, during hunting (from September to January), and post-hunting
(February and March) trips with pointing dogs. The deviance explained by each model is shown in
brackets.

Hunting period (37.7%) Post-hunting period (31.1%)
Edf Ref.df Chisq.  p-value Edf Ref.df Chisq. p-value
Season 3.97 3.99 554.8 <0.001 3.54 3.86 143  <0.001
Decade 2.99 3.00 5984  <0.001 1.58 1.82 63.1  <0.001

Commune 401.62 1,542.0 29,7429 <0.001 100.80 644.00 711.9 0.001
Hunter  769.51 1,058.0  52,924.6 <0.001 417.60 742.00 2,749.9 <0.001
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Figure 4. Variation of Woodcock abundance (Woodcock flushed per hour per hunter per hunting 203
dog) along each decade, in both hunting and post-hunting perioc, 7t - different season (2016-2017 to 204
2020-2021). The grey areas correspond to confidence intervals 95 205

4. Discussion 206

The abundance indices have already been used in other studies relating to the 207
migration phases of the Woodcock, and particularly in the wintering areas [29, 8]. We 208
have investigated the presence of Woodcock in Italy considering the abundance and 209
comparing the presence of the species in two sub-period, the first between 3“5 inday of 210
September till 31stJanuary, and the second one between 15t February to 31st March, foreach 211
year. The information gathered on an entire country (in our case Italy) provided crucial 212
information for the understanding of the species and the management options to be 213
implemented, even though these tracking programs may contain biases based on non- 214
stratified and/or random sampling choices, or derived from collaborations with non- 215
technical personnel, i.e. hunters [10]. 216

Our results showed the lack of a latitudinal gradient linked to the presence of the 217
Woodcock. Latitude is a good surrogate for representing factors that have biological 218
importance to organisms [30], and positively affects the densities of many resident bird 219
species [31]. However, it does not always have a major impact on the presence of 220
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migratory species, as Woodcock is. As matter of fact, northern regions had abundance 221
index values similar to southern and central regions, and different from those in other 222
northern regions. This confirmed that migratory pathways run north-east/south-west, 223
with the Italian peninsula positioned obliquely in relation to these patterns [32, 33]. On 224
the other hand the Carpathian Mountains could represent a barrier for the migration of 225
distinct populations. Woodcocks belonging to a Fennoscandian meta-population would 226
migrate north of the Carpathians, while Woodcocks belonging to a Mediterranean meta- 227
population would migrate south of the Carpathians [7]. This variability is also confirmed 228
by the morphological difference that emerged between Woodcocks collected in the north 229
areas and Woodcocks collected in the south areas during the hunting period [14]: the 230
northern Woodcocks looked to have lighter plumage and greater body measurements, as 231
pointed out also by Boidot [34]. 232

The abundance variation suggest that temperature has an impact on the presence of 233
Woodcocks, as it increased in direct proportion to the presence of milder winter 234
temperatures, confirming the results obtained in France during 14 consecutive winters, 235
from 1984/85 to 1997/98 [35]. 236

A species that makes extensive use of wet and muddy areas may have different 237
opportunities to find trophic supplies as a result of how the winter temperatures affected 238
the soil's properties. The Woodcock selects habitats according on trophic availability, 239
which is influenced by rain and other meteorological variables [36, 37, 35]. 240

In Italy the trend of annual and seasonal average cumulative rainfall has not changed 241
significantly over the past 60 years (1961-2020), but if we only consider the last 35 years 242
(1985-2020), the annual and seasonal averages have increased steadily [38], primarily asa 243
result of exceptional and sporadic meteorological events. According to this trend, rainfall 244
is more in the winter and autumn, especially in the peninsular regions [39]. This could 245
increase the availability of trophic resources. 246

This scenario might have enhanced the trophic resources available to Woodcock, 247
which would have increased population abundance and length of stay in the 248
Mediterranean basin. At the same time, the milder winters have made the alpine and pre- 249
alpine areas favourable to wintering of the species, where in the past it was temporally 250
present only during migration periods. 251

In addition to climate factors, between 1985 and 2015, Italy's forests grew by 28%, 252
going from 8,675,100 hectares to 11,110,315 hectares. The forest gradually and consistently =~ 253
expanding until the percentage of land covered by woods has reached 38% [40], increasing 254
the habitat available for Woodcock. Wooded hedges and coniferous wood represent an 255
important habitat for wintering, especially during the daytime, because this habitat type 256
showed high availability of refuge areas [41, 42, 37]. Even though during the night 257
Woodcock preferred meadows for higher presence of earthworms, an important 258
component of Woodcock's diet [43, 41, 44, 37]. 259

The number of Woodcocks seen during the post-hunting period has steadily 260
increased, and in the last three years, they have been comparable to those seen during the 261
hunting period. 262

As concern the trend of abundance per decade, the positive values in the second 263
decade of September could testify the presence of breeding contingents, especially in the 264
Alps. 265

The first significant increase in abundance value occurs from the third decade of 266
October to the second of November, the period of maximum post-nuptial migratory 267
flux; the curve, however, even if a lesser extent, maintains an increasing trend until the 268
second decade of December, defining the autumn migration period from mid-October to 269
mid-December. Subsequently, even if the mean trend shows a continuous decrease till the 270
end of January, the single seasonal curves show fluctuations which vary from season to 271
season and are likely related to the meteorological trend. It was observed that some 272
contingents move to south-southwest later and only if forced by waves of frost in the 273
countries of origin, for example Balcan countries [45]. A similar behaviour was observed 274
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during winter between France and Spain, where some Woodcocks change wintering site 275
even in late season, like they resumed the migration [46]. Furthermore, in some particular 276
conditions, Woodcocks concentrate in certain biotopes, making altitudinal shifts, 277
changing exposure or reaching riparian or coastal areas. These movements can affect the 278
value of the ICA if the hunting effort is also concentrated in these places. 279

The pre-nuptial migration period, on the other hand, is better delineated and 280
described by a "bell" which starts from the second decade of February and reaches a peak 281
in the second decade of March, maintaining high values even in the third decade. The 282
higher average value of abundance in the monitoring period compared to the hunting 283
season, it is due, as mentioned above, to a lower monitoring effort. However, it could 284
depend by a higher concentration of Woodcocks too. The pre-nuptial migration, in fact, 285
compared to the autumn, takes place in a shorter period of time (on average 40 days 286
compared to 70 days of the post-nuptial migration), as evidenced by recent studies with 287
satellite transmitters [33]. 288

5. Conclusion 289

The migratory periods are showed by the peaks of the curves of abundance per 290
decade, and they are included from the first decade of October to the second of December 291
(post-nuptial migration) and from the second decade of February to the third of March 292
(pre-nuptial migration). 293

A milder climate and an increase of precipitation especially in autumn and winter 294
season, together to an expansion of forest surface, could be the explanation of the increase 295
of the annual abundance of Woodcock in Italy, during the five years of study. A longer 29
period will be necessary to outline a more realistic trend, even if our results gave a basis 297
to investigate deeply the phenology of migration in Woodcock. 298

Some opportunistic movements are still possible during the wintering period, 299
depending by the meteorological conditions changing, and this could be generate a 300
variation in Woodcock presence in different part of Italy, consequently in Mediterranean 301
areas. 302

The Woodcock has maintained a consistent presence in Italy throughout the winter, 303
which is encouraging from the perspective of conservation. The stay until the beginning 304
of spring has been confirmed in virtually every region of Italy, adding to worries 305
regarding the precise timing of this species' pre-nuptial transit in the Mediterranean area. 306
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