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Urbanisation of birds of prey is a well-known phenomenon worldwide. Common 
questions investigated include how does urbanisation originate and proceed and whether 
it is a successful or detrimental process? Here, I describe the first steps of urbanisation of 
the Eurasian Goshawk (Astur gentilis) in Finland, and examine how abundance and 
offspring production might associate to urban and non-urban goshawk populations. I 
predict, that if urban habitats were more favourable for goshawks than non-urban 
habitats, population trends should be more positive and offspring production should be 
higher in urban habitats than elsewhere, possibly suggesting that urbanisation was a 
successful process. Conversely, declining offspring production with increasing 
population density may suggest some detrimental process. During the study period, the 
urban goshawk population showed a significant increasing trend, while the number of 
territories recorded elsewhere in Finland decreased significantly. The average annual 
mean brood size was not higher in the urban population than in Finland in general. These 
results support to some extent the idea that the urbanisation was a successful process. 
However, for a longer term, the possibility that extremely high population densities in 
the urban environment increase intraspecific competition and lead to some detrimental 
consequences can not be ruled out.

1. Introduction

Urban environments can become colonised due 
to biological urbanisation when individuals 
invade, become established and expand their 
populations in urban areas (Møller 2014). They 
can also be colonised passively due to 
geographical urbanisation, that is, conversion of 
rural habitats into urban ones (urban sprawl) in 
the surroundings of traditional territories 
(Isaksson 2018). Here I use the term urbanisation 

to refer to both biological and geographical 
urbanisation. Thus, an urban population may 
consist of both natives, original inhabitants of the 
area, and urbanised immigrants, including re-
occupants and new individuals (Solonen 2015).

Colonisation and adaptation of birds of prey 
to urban environments are well-known 
phenomena in various parts of the world (Bird et 
al. 1996, Andersen & Plumpton 2000, Love & 
Bird 2000, Chace & Walsh 2006, Boal & Dykstra 
2018, Kettel et al. 2018, Solaro 2018, Mak et al. 



2021). The Eurasian Goshawk (Astur gentilis) 
(hereafter goshawk), a medium-sized diurnal 
raptor, has traditionally occupied forested areas 
around the northern latitudes of the Old World 
(Cramp & Simmons 1980, Kenward 2006). 
During the recent decades it has colonised 
various European and Asian cities (Rutz et al. 
2006, Rutz 2008, Natsukawa et al. 2017, Mak et 
al. 2021). The question arises, is the urban 
colonisation a successful process or a detrimental 
chain of events, resulting from an ecological trap 
(Sumasgutner et al. 2014, Plaza & Lambertucci 
2017, Merling de Chapa et al. 2020)? Probable 
pros of urban life for the goshawk include 
abundant food supply (Rutz et al. 2006, Solonen 
et al. 2019), plenty of good, strong-branched 
nesting trees in city parks and recreational forests 
(Solonen 2015, Natsukawa et al. 2017, Solonen 
et al. 2019), and plenty of suitable space for 
nesting territories at the beginning of colonisation 
(cf. Solonen 1993, Byholm et al. 2020). Possible 
cons might be increased mortality due to various 
reasons (Dwyer et al. 2018, Mannan & Steidl 
2018), overly increased population density 
followed by increased interference compet-
ition and increased risk of diseases (Merling 
de Chapa et al. 2020), as well as increased 
exposure to environmental contaminants 
(e.g., Kenntner et al. 2003) and increased risk 
of collisions with vehicles, buildings 
(particularly windows) and other man-made 
structures (Hager 2009, Solaro 2018, Merling 
de Chapa et al. 2020).

In this study, I describe the recent first 
case of urban colonisation of the goshawk in 
Finland that began in the middle of the 2000s 
(about 2005–2006). Earlier similar 
colonisations have been recorded in more 
southern areas (e.g., Rutz et al. 2006, Merling 
de Chapa et al. 2020), where habitats largely 
differ from those of Finland. In Finland the 
species is traditionally known as a shy, 
sedentary bird of prey of old spruce forests of 
remote wilderness and rural areas (Väisänen 
et al. 1998, Tornberg et al. 2006, Solonen 
2015). I examine how fluctuations and 
changes in abundance and offspring produc-
tion might vary within and outside the urban 
and non-urban goshawk populations. I predict 
that, if urban habitats were more favourable 

for goshawks than non-urban habitats, population 
trends should be more positive, and population 
densities and breeding output higher in urban 
habitats than elsewhere. This would suggest that 
urbanisation might be a successful process (Rutz 
et al. 2006). On the contrary, increasing popu-
lation density and declining breeding output 
would suggest that urban colonisation might be a 
detrimental process (Battin 2004, Merling de 
Chapa et al. 2020). The aim of the present study 
is to give a general, population-level description 
of the recent urbanisation of the goshawk in 
Finland, and to outline some possible 
explanations derived from available empirical 
data.

2. Materials and methods

2.1. Study area

The present study is a part of a long-term 
monitoring program on birds of prey conducted 
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Fig. 1. Location of the study area near the southern coast of 
Finland in the municipalities of Espoo–Kauniainen, Helsinki–
Vantaa and Sipoo (black dots). 



in Uusimaa, southern Finland (60°N, 25°E) 
between 1972 and 2025 (Solonen 1993, 2008). 
The study area of about 500 km², here called the 
Helsinki (capital) district, is mainly situated near 
the southern coast of Finland in the 
municipalities of Espoo–Kauniainen, Helsinki–
Vantaa, and Sipoo (Fig. 1). It consists of the 
capital district of more than one million 
inhabitants, the most intensively built-up and 
most densely populated urban area in Finland, 
and the rural surroundings (Solonen 2008, 
Solonen et al. 2019). Habitats include densely 
built-up areas that are characterised by urban-
type land use, traffic routes, industrial areas, and 
large groups of buildings. The built-up areas are 
quite fragmented because urban sprawl is rel-
atively recent. The gaps are usually parks, 
recreational forests, and small plots of more or 
less natural open habitats. Larger agricultural and 
silvicultural areas cover the surroundings of the 
suburban areas.

2.2. Fieldwork and data

The present study covers the years between 1996 
and 2022. Territories and nests of goshawks were 
located mainly by listening for calling birds, 
checking known nest sites, and searching for new 
ones in suitable habitats (Forsman & Solonen 
1984). Confirmed nest sites were monitored 
annually. The annual number of active, occupied 
territories was used as a measure of population 
size (Supplementary Material Table S1). 
Reproductive investment was measured by the 
brood size (Solonen 2008). Brood size (per 
breeding attempt) was established mainly by 
inspecting the nests and ringing the nearly 
fledged young. Similarly collected nationwide 
data on the total number of territories recorded 
and annual mean brood size outside the present 
study area (Birdmagazine portal 1997–2023) 
were used for comparison. Because home ranges 
and habitat use of goshawks were not studied, the 
total population of the Helsinki district, in which 
the effect of urban areas was obviously 
considerable and much higher than elsewhere in 
Finland, was used in comparisons.

2.3. Statistics

I visualized population trends by using 
polynomial regressions in the Grammar of 
Graphics (ggplot2; Wickham 2016) and applied 
generalised linear models (GLM) to analyse 
linear trends and the relationship between 
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Fig. 2. Change in the population size of the Eurasian 
goshawk (Astur gentilis) (a) in the Helsinki district and (b) 
elsewhere in Finland between 1996 and 2022 based on 
occupied territories recorded. The polynomial regression 
curves (blue) fitted to the data (points) and the 95% 
confidence band (grey) are shown (f(x) = – 0.050 x² + 
205.397 x – 209724.197, F2,24 = 70.248, p < 0.001, r² = 
0.854; and f(x) = – 1.396 x² + 5599.886 x – 5613181.852, 
F2,24 = 8.352, p = 0.002, r² = 0.410, for (a) and (b), 
respectively).



population size and brood size, using the function 
glm in R (version 4.3.3 (2024-02-29)) (Venables 
& Ripley 2002, R Core Team 2021). The average 
annual mean brood sizes were compared by 
Welch's t-test.

3. Results

The urbanisation of the goshawk in the Helsinki 
district began in the middle of the 2000s and it 
proceeded quickly thereafter (Fig. 2a). The popu-
lation showed a significant increasing trend 
during the study period (1996–2022) (GLM, 
z = 19.26, df 26, p < 0.001) (Fig. 2a), while the 
number of territories recorded elsewhere in 
Finland decreased significantly (GLM, z = –
12.84, df 26, p < 0.001) (Fig. 2b; Supplementary 
Material Table S1). During the study the popu-
lation density in the urban areas increased from a 
few up to 10–20 territories/100 km². During the 
last years of the study period, however, the popu-
lation growth showed some signs of levelling out 
(Fig. 2a).

The average annual mean brood size (per 
breeding attempt) (1996–2022) (Supplementary 
Material Table S1) was not higher in the Helsinki 
district (mean = 2.346, SD = 0.398, CI95% = 2.196 
– 2.496) than elsewhere in Finland (mean = 
2.390, SD = 0.202, CI95% = 2.314 – 2.466) 
(Welch's t-test, t = –0.513, n = 27, p = 0.305). The 
annual mean brood size showed no significant 
trend either in the Helsinki district (GLM, t = –
0.354, df 26, p = 0.726) or in Finland in general 
(GLM, t = –1.76, df 26, p = 0.091). There was not 
a significant relationship between the seasonal 
population density and brood size in the 
increasing urban goshawk population (GLM, t = 
0.042, df 26, p = 0.967).

4. Discussion

4.1. Urban colonisation: a successful or 
detrimental process?

The newly colonised urban goshawk population 
of the Helsinki district showed a significant 
increasing trend during the study period, while 
the number of territories recorded elsewhere in 

Finland decreased significantly. This suggests 
that different extrinsic and/or intrinsic factors 
governed the colonising urban population and the 
Finnish population as a whole. The urbanisation 
of the goshawk in the Helsinki district started 
during an upturn of the Finnish population (Fig. 
2). This suggests that some larger scale 
phenomena affecting the Finnish goshawk popu-
lation at large might have triggered the urban 
colonisation. The signs of levelling out of 
numbers toward the end of the colonisation 
process may indicate that the urban population 
was limited by some external factor (Newton 
1998). The dynamics of the urban population 
may align to the general observation that 
establishment, expansion and saturation phases 
characterise newly founded populations 
(Shigesada & Kawasaki 1997).

Consistently with the results from other 
studies (Rutz et al. 2006), the highest breeding 
densities of urban goshawks in the Helsinki 
district (10–20 territories/100 km²) clearly 
exceeded densities generally attained by nearby 
non-urban populations (about 5 territories/100 
km²; Lindén & Wikman 1975, Forsman & 
Solonen 1984, Solonen 1993). In Finland, in 
general, the average densities of the goshawk 
varied from 1–2 to 4–5 pairs/100 km² (Saurola 
1985, Tornberg et al. 2006).

The average annual mean brood size in the 
Helsinki district was similar to that elsewhere in 
Finland. The lack of the expected difference 
between populations may be due to a large 
proportion of young, unexperienced birds 
producing small broods in the newly established 
urban population (cf. e.g., Rutz 2008, Solonen 
2008). Conversely, in northern Europe the 
average productivity of the goshawk populations 
has not changed during the years of declining 
trends (Tornberg et al. 2006) probably due to a 
large proportion of experienced birds in the 
breeding population.

In urban habitats the population trend of the 
goshawk was more positive than elsewhere, and 
breeding output was relatively high, suggesting 
that urban colonisation might be a successful 
process. Increasing and relatively high densities 
and high breeding output may relate to suitable 
habitat and, in particular, to abundant food supply 
(Rutz et al. 2006). However, excessively high 
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population densities may lead to reduced 
fecundity rates (Battin 2004, Merling de Chapa et 
al. 2020). Hence,  increasing population density 
along with established or declining breeding 
output suggests that urban colonisation may later 
prove to be a detrimental process.

Colonisation of a breeding population may be 
due to the spreading of individuals into new 
locations, or reoccupation of areas previously 
within the species’ range. Territoriality and 
reduced availability of free locations suitable for 
nest sites may limit population density (Newton 
1979, Village 1983, Solonen 1993). Above all, 
organisms need energy for living and reproduc-
tion. Therefore, it can be expected that sufficient 
availability of suitable food is a crucial 
prerequisite for successful colonisation (Rutz et 
al. 2006). Particularly abundant wintertime food 
supply may have an additional positive effect on 
the colonisation intensity (Solonen et al. 2019). 
Other characteristics of habitat such as patch size 
and distribution or availability of suitable nesting 
places are of secondary importance for individual 
survival but necessary for a reproductive 
population.

Recently it has been suggested that abundant 
food supplies and lesser predation risk and 
interspecific competition in urban habitats were 
the most important factors affecting successful 
colonisation of urban areas (Marzluff et al. 2001, 
Greenwood & Chamberlain 2003, Kelcey & 
Rheinwald 2005, Fidino & Magle 2017, Cooke et 
al. 2018). Reproductive success seems to be 
higher for many urban raptors (Sodhi et al. 1992, 
Stout et al. 2007, Solonen 2008). This suggests 
that urban areas may provide more abundant food 
supply (Gehlbach 1996, Solonen 2008), better 
nesting conditions (Stout et al. 2007, Solonen 
2008), as well as less predation (Gehlbach 1996) 
and persecution (Rutz 2008). For some species, 
urban areas may be more suitable than non-urban 
areas because they have wintering resources that 
can support populations all year round. However, 
because there is no need for young birds to 
disperse far from their natal areas (cf. Byholm et 
al. 2003, Luna et al. 2021), individuals may face 
increasing interference competition and a higher 
risk of inbreeding depression (Pipoly et al. 2019, 
Merling de Chapa et al. 2020).

4.2. The origin of urban goshawks in Finland

The present results do not suggest that recruits 
from the urban population itself or from 
elsewhere Finland were responsible for the urban 
population increase. The self-evident remaining 
alternative for the origin of urban goshawks in 
Finland is the population abroad. Foreign recov-
eries of goshawks ringed in Finland have been 
distributed mostly in Nordic and Baltic countries, 
Russia, Belarus and Poland (Saurola et al. 2013). 
This suggests that also birds originating from 
other countries may find their breeding sites in 
Finland. However, I have not recorded any ring 
recoveries from foreign populations, including 
the nearest urban one in Estonia (Väli & Vainu 
2013). The vast majority of the foreign-ringed 
birds recovered in Estonia were juveniles or 
immature birds arriving in late autumn from 
Finland but no movement was detected in the 
opposite direction. Finnish birds have also been 
found in Estonia at breeding age, suggesting gene 
flow across the Gulf of Finland. For more 
convincing conclusions of the origin of urban 
goshawks in Finland, more and detailed data such 
as ring recoveries, GPS transmitter recordings or 
genetic markers are needed.

In Europe south of Fennoscandia, natal 
dispersal distances of goshawks seem to be short. 
Most of the recoveries of ringed birds have been 
within 20 km of the nest (Rutz et al. 2006). In 
northern Europe movements may reach much 
further, even more than 2000 km from the natal 
areas (Saurola et al. 2013). Probably, the Finnish 
urban population was founded by non-urban 
individuals, but the maintenance and stabilisation 
of urban populations may occur even with rel-
atively low productivities and reproductive 
success if the mortality rates of the birds are also 
lower. Thus, the urban population may be self-
sufficient and now relatively independent from 
the non-urban birds.

4.3. Explanations for the goshawk’s 
urbanisation

There are various explanations for the goshawk's 
urbanisation. It can be asked whether goshawks 
were attracted into urban environments by 
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favourable circumstances, or were driven away 
from non-urban habitats by unfavourable living 
conditions. Both alternatives seemed to be 
relevant in the present case. Also, the data of Rutz 
(2008) suggest a combination of both processes. 
It seems that the colonisation of urban Helsinki 
by goshawks was governed by the prevailing 
local circumstances. Probably the first step has 
been the deterioration of breeding and wintering 
habitats in the surroundings of the urban area. 
Fragmentation and decrease of old forests due to 
intensive forestry have deteriorated both nesting 
habitat and food supply (Tornberg et al. 2006, 
Byholm et al. 2020). In the present case, the 
urbanisation of breeding birds in the middle of 
the 2000s (since 2005–2006) was preceded by an 
increase of wintering goshawks in the district 
(Solonen et al. 2010; cf. Rutz 2008). The obvious 
reason for the winter immigration was the 
abundant food supply. Particularly dispersing 
young birds seem to have found abundant and 
increasing prey populations in urban areas and 
have settled there for winter and later became 
established to breed. The winter densities of 
various suitable prey species, including in 
particular corvids and columbids, were higher in 
urban areas than in the surroundings, and they 
have been increasing during the recent decades 
(Solonen et al. 2010). Abundant food supply even 
in spring has probably kept goshawks in the same 
district year-round and finally attracted them to 
breed near their wintering areas. Urbanisation of 
breeding goshawks has followed particularly the 
recent increase in corvid and Wood Pigeon 
(Columba palumbus) populations near human 
settlements in the Helsinki district (Solonen 
2015, Solonen et al. 2019) as well as in Finland, 
in general (Vuorisalo et al. 2003, Fey et al. 2015).

My findings contrast with observations that 
the colonisation of the goshawk in European 
cities coincided with the decrease of persecution 
(Rutz et al. 2006). In Central Europe the number 
of breeding goshawks is said to be usually limited 
by the availability of food and nest-sites, and 
controlled by illegal killing by humans. In 
Finland, the lag between the intensive killing 
period (before the protection of the goshawk in 
1989) (see Pohja-Mykrä et al. 2012, Saurola et al. 
2013) and the first signs of urban colonisation 
(around the turn of the millennium; this study) 

was, however, quite long. In the present study 
area persecution was witnessed only a few times 
during the last 50 years (this study).

Kanahaukan kaupunkilaistuminen Suomessa

Eläinten kaupunkilaistumisella voi olla monia 
syitä ja seurauksia. Tässä kirjoituksessa esittelen 
ensimmäisen tapauksen kanahaukkapopulaation 
muodostumisesta kaupunkiympäristöön Suomes-
sa, missä laji tunnetaan perinteisesti syrjäisten, 
vanhojen kuusimetsien arkana asukkaana. Hel-
singin seudulla vuosina 1996–2022 tehdyn seu-
rannan perusteella pyrin valottamaan, onko kau-
punkilaistuminen linnuille onnistunut vai haital-
linen ratkaisu, ja mistä kaupunkilaispopulaatioon 
tulevat yksilöt ovat mahdollisesti peräisin. Tar-
kastelen, kuinka kanahaukan populaatiodyna-
miikka muualla Suomessa voi käytettävissä ole-
van aineiston valossa heĳastua kaupunkilais-
haukkojen populaatiodynamiikkaan. Oletan, että 
jos kaupunkiympäristöt ovat kanahaukalle muita 
ympäristöjä suotuisampia, kaupunkipopulaatios-
sa kannanmuutos on  jyrkemmin nouseva ja kes-
kimääräinen poikastuotto suurempi kuin muual-
la. Tämä voi viitata siihen, että kaupunkilaistu-
minen olisi linnuille onnistunut valinta. Jos taas 
kasvava kannantiheys heikentää poikastuottoa, 
ympäristönvalinta on epäonnistunut. On kuiten-
kin huomattava, että populaation menestykseen 
vaikuttavat ja siitä kertovat kannanmuutosten ja 
poikastuoton lisäksi monet muutkin tekĳät, kuten 
nuorten lintujen hajaantuminen ja selviytyminen 
ennen pesintäikää.

Seurannan kuluessa kaupunkipopulaatio kas-
voi jyrkästi, kun taas muualla Suomessa kanta 
taantui merkitsevästi (kuva 2). Keskimääräinen 
poikastuotto ei kuitenkaan ollut kaupunkipopu-
laatiossa korkeampi kuin muualla. Kannan kor-
kea tiheys ei myöskään vaikuttanut poikastuottoa 
heikentävästi. Nämä tulokset voivat viitata sii-
hen, että kaupunkilaistuminen on kanahaukan 
kannalta myönteinen kehityskulku. Pidemmällä 
aikavälillä erittäin korkea populaatiotiheys voi 
kuitenkin lisätä lajinsisäistä kilpailua ja johtaa 
haitallisiin seurauksiin.
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We studied primary moult in a migratory Central European population of the Northern 
Lapwing (Vanellus vanellus) by collecting shed primaries at a post-breeding 
concentration site in the riverside meadows of the Vistula River, northern Poland from 
July to September 2004–2005. In total, 1,270 primaries were used in the analysis. Inner 
primaries (P1–P7) were identified using mass thresholds established from reference 
specimens, whereas the three outermost primaries (P8–P10) were distinguished by their 
white subapical spots and emargination patterns. The mean ordinal number of collected 
primaries increased progressively from early July to late September, indicating a typical 
descendant moult primary-moult sequence. However, the wide range of primary ordinal 
numbers within each sampling period suggests high variability in moult onset, likely 
linked to differences in laying dates and in the timing of clutch replacement after loss, 
both within and between breeding populations. High variability of the mean starting 
dates of primary moult seems to be a characteristic trait of this species regardless of a 
population’s migratory status. Moreover, two distinct temporal peaks in the proportion 
of outermost primaries collected indicate turnover of individuals at the site, likely 
reflecting the departure of early-moulting birds and subsequent arrival of later moulting 
individuals, possibly representing both inter- and intra-population variation, during 
September. Post-breeding moult in the Northern Lapwing appears consistent with 
stopover moult migration, in which birds gather at food-rich sites to complete flight-
feather replacement before autumn migration. Our results demonstrate that collecting 
shed flight feathers can offer a useful, although limited, method for describing moult 
timing in species that form large post-breeding aggregations and which otherwise may 
be difficult to capture in sufficient numbers for advanced moult analysis using Underhill–
Zucchini and other more comprehensive models, which require data on the growth 
stages of all neighbouring feathers undergoing moult.



1. Introduction

For most migratory birds, it is important to 
synchronise the replacement of flight feathers in 
between the energy-intensive periods of breeding 
and migration, and to align this with suitable 
environmental conditions (Barta et al. 2006, 
2008). Waders, in particular, exhibit a wide 
variety of inter- and intra-specific strategies for 
primary moult, with this flexibility representing 
an adaptation to unpredictable food supply 
(Remisiewicz 2011) and to migration timing and 
distance (Gromadzka 1989, Summers et al.
2004), both of which respond to changing 
conditions at the individual and population levels 
(Jackson & Underhill 2022). Most migratory 
waders begin the replacement of their flight 
feathers after arriving at their wintering grounds. 
Those that initiate moult at their breeding 
grounds often suspend it during migration and 
complete it at their wintering grounds 
(Remisiewicz 2011). At the wintering grounds, 
synchronisation of moult among individuals is 
driven by deteriorating food conditions as the dry 
season approaches (Remisiewicz 2011). In some 
wader species, however, moult-migration occurs, 
during which birds gather at suitable stopover 
sites to undergo all or part of their wing moult 
before initiating their migration to the wintering 
grounds (Salomonsen 1968, Jehl 1987, Tonra & 
Reudink 2018, Pinchuk & Meissner 2024).

Recently, the Underhill–Zucchini model 
(Underhill & Zucchini 1988), based on a like-
lihood approach, has been widely recommended 
for analysing flight-feather moult phenology and 
duration because it incorporates the proportion of 
feather mass grown. This is important because 
feathers within a tract differ in size, mass, and 
energetic cost of growth (Summers 1980, 
Summers et al. 1983). Alternatively, generalised 
linear models with a binomial distribution and 
probit link function can be used (Rothery & 
Newton 2002). However, these approaches 
require data collected from photographs or birds 
in the hand. An alternative method uses shed 
primaries collected at sites where birds 
congregate during moult (Snow & Snow 1976, 
Walters 1978, Den Blanken et al. 1981, Schuster 
1994, Meissner 2002). In such cases, the growth 
stage of adjacent moulting primaries cannot be 

precisely determined, preventing accurate calcu-
lation of the Proportion of Feather Mass Grown 
(PFMG), a key parameter of the U–Z model. In 
addition, substantial individual variation in moult 
patterns of adjacent primaries in waders (e.g.
Serra et al. 2006, Remisiewicz et al. 2011, 
Machín et al. 2018, Pinchuk & Meissner 2024) 
makes it impossible to assign a single PFMG 
value to each subsequently shed primary.

The Northern Lapwing (Vanellus vanellus) is 
one of the most widespread waders in Europe 
(Cramp & Simmons 1977). Although its biology, 
ecology, and migration have been extensively 
studied (Parish & Coulson 1998, Székely 1999, 
Leitão & Peris 2004, Both et al. 2005, Lislevand 
et al. 2005, Pilacka et al. 2026), primary moult 
remains poorly known. Current knowledge is 
based mainly on a single detailed study of a 
sedentary English population using birds in the 
hand (Appleton & Minton 1978). Northern 
Lapwings begin replacing primaries during 
breeding or shortly after fledging, sometimes as 
early as late incubation, and complete moult 
between late September and early October 
(Goodyer 1976, Snow & Snow 1976, Appleton & 
Minton 1978, Beser 1983). However, most 
available data come from largely sedentary popu-
lations in England (Goodyer 1976, Snow & Snow 
1976, Cramp & Simmons 1977), whereas Central 
and Eastern European populations migrate much 
farther, typically 2,000–2,500 km, and even 
longer distances in severe winters (Imboden 
1974, Glutz von Blotzheim et al. 1975, Leitão & 
Peris 2004, Eichhorn et al. 2017).

The Northern Lapwings belong to B-strategy 
species (sensu Alerstam & Högstedt 1982), 
which spend most of the year in the vicinity of 
their breeding grounds, where they find rich food 
resources that they exploit as long as possible. 
Birds following this strategy can moult all or 
most of their primaries before southward 
migration, but some of them moult primaries on 
the wintering grounds. Despite forming rather 
large post-breeding concentrations (e.g. Glutz 
von Blotzheim et al. 1975, Möbus 1982, Wahl et 
al. 2002, Gloe 2005, Sikora & Wasielewski 
2015), adult Northern Lapwings have recently 
been caught for ringing in lower numbers 
(Pinchuk et al. 2005, Ściborski et al. 2005, 
Meissner et al. 2006, Grayshon et al. 2019), 
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lower than in the 1970s (Goodyer 1976, Appleton 
& Minton 1978). This makes it much more 
difficult to obtain sufficient data to describe the 
process of feather replacement in this species 
using modern statistical methods of analysis. This 
has led to the use of a method based on collecting 
shed feathers to study the course of primary 
moult. This method has been successfully used to 
study the moult of birds forming large 
concentrations at resting sites (Walters 1978, 
Walters 1979, Schuster 1994, Meissner 2002), 
including the Northern Lapwing (Goodyer 1976, 
Snow & Snow 1976).

The aim of this study is to describe the timing, 
sequence and extent of primary moult of a fully 
migratory population of Northern Lapwings. 
Because migratory populations of the Northern 
Lapwing use both areas around the breeding sites 
and stopover areas for primary moult before 
reaching the wintering grounds, we hypothesised 
that studied population employ a stopover moult-
migration strategy (Tonra & Reudink 2018), in 
which primary moult starts, and is at least 
partially completed, at staging sites before onset 
of migration towards the wintering grounds, 
providing an opportunity to study of moult using 
regularly collected shed primaries. As moult 
nears completion when the outermost primary is 
shed (in waders, 2–3 adjacent flight feathers 
typically grow simultaneously with the outermost 
one) (Appleton & Minton 1978, Remisiewicz et 
al. 2009, Barshep et al. 2011, Pinchuk & 
Meissner 2024), we analysed the timing of the 
final phase of moult separately to determine 
whether this phase is synchronised within the 
study population. We finally discuss limitations 
of the primary moult study method by collecting 
shed feathers.

2. Materials and methods

Fieldwork was conducted in Lisewo Malborskie 
(54°06 N, 18°50 E) on the right bank of the 
Vistula River (Fig. 1) in seasons 2004–2005. 
During autumn migration between late June and 
late October, waders gather at this site, feeding 
intensively along the banks and sandbars in the 
riverbed (Ściborski et al. 2005, Kozik et al.
2022). The site also included about 4 km² of 
pasture located between a flood-protection dyke 
and the riverbed. During the study period, 
Northern Lapwings used this area as a resting 
place both during the day and at night. Resting 
birds were counted daily about midday, after their 
arrival from surrounding arable fields.

In the part of the meadow where Northern 
Lapwings most frequently occurred, an area of 
about 0.8 km² was clearly delineated. After 
feathers remaining from earlier periods were 
removed during the first visit, all primary feathers 
of this species found in the area were collected. 
The collection was carried out between 1 July and 
30 September, once every second or third day of 
each five-day period (pentad). The division of 
time into successive pentads followed Berthold 
(1973), with each pentad being defined by its 
central date. In 2004 and 2005, 19 and 18 
sampling sessions were conducted, respectively. 
The well-defined area was searched 
simultaneously by a group of people walking at 
intervals of about 20 m. Of the collected 
primaries, those from the right wing were 
selected for analysis because they were slightly 
more numerous than those from the left wing. A 
total of 1,367 right-wing primaries were 
obtained, including 613 in 2004 and 754 in 2005. 
The presence of grass with scattered tussocks 
minimised the chance of including older feathers 
that had been transported by wind both into and 
out of the study area. Therefore, we assumed that 
the sets of shed primaries we collected were 
representative of the primaries being shed during 
each pentad.

For the purposes of this study, each primary 
feather was assigned an ‘ordinal primary number 
corresponding to its position within the primary 
tract, numbered consecutively from the 
innermost (P1) to the outermost (P10) (Prater et 
al. 1977). The progress of moult was presented as 
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Fig. 1. Location of the study area where Northern 
Lapwing primaries were collected.



the mean ordinal primary number of collected 
primaries during successive pentads, along with 
the corresponding ranges.

In the Northern Lapwing, the three outermost 
primaries (i.e., P8, P9, and P10) can be identified 
by the presence, shape, and size of a white 
subapical whitish spot, the appearance of the 
inner edge of the vane, and features of the feather 
tip, such as the size and depth of the inner 
emargination (Glutz von Blotzheim et al. 1975, 
Photo 1). The seventh primary may also bear 
such a spot, although not in all individuals (Glutz 
von Blotzheim et al. 1975, Snow & Snow 1976). 
However, this feather differs from primaries P1–

P6 by a slight emargination on the inner vane 
(Photo 1), and this character was used to 
distinguish seventh primaries lacking a whitish 
subterminal spot. The remaining primaries 
without a whitish spot were identified by their 
mass, because usually in waders the weight of the 
primaries increases from the innermost to the 
outermost (Meissner et al. 2018). However, in the 
Northern Lapwing, the heaviest primaries are P6 
and P7, not the outermost one like in most waders 
(Meissner et al. 2018). To identify mass 
differences among adjacent primaries (P1–P6) 
and establish threshold values for distinguishing 
them, we used primaries collected from four 
Northern Lapwings found dead in Poland and 
southern Belarus. Feathers were dried to constant 
mass in a convection oven at 60°C, and then 
weighed, as rapidly as possible after drying, to an 
accuracy of 0.1 mg using an electronic balance 
(Meissner et al. 2018). All primaries collected 
during the fieldwork were dried and weighed in 
the same way. Due to the small intraspecific 
variation in the relative masses of primaries 
(Underhill & Joubert 1995), the sample of four 
sets of primaries is sufficient, especially given 
that the coefficient of variation in relative masses 
of a given primary in waders only rarely exceeds 
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Table 1. Mean dry masses of Northern Lapwing primaries with coefficients of variation of their relative dry mass (CV). 
For primaries 1–6, 90% confidence intervals (CI) and the threshold values for distinguishing primaries collected in the 
study area. The final number of primaries taken for analysis is given.

Primary 
ordinal 
number

Mean dry mass 
[mg] CV 90% CI [mg] Border values [mg]

Number of 
feathers in the 

analysis

1 101.1 6.7% 87.9 – 114.3 Below 111.2 8

2 126.6 4.2% 111.2 – 142.0 114.3 – 137.2 22

3 155.3 4.7% 137.3 – 173.3 142.1 – 151.4 28

4 170.0 3.6% 151.5 – 188.5
173.4 – 208.1 160

5 186.3 4.4% 164.6 – 208.1

6 193.1 1.1% 173.2 – 213.0 Above 208.1 48

7 191.5 1.3% 256

8 186.2 2.3% 313

9 179.8 6.3% 253

10 168.1 8.9% 182

Photo 1. Set of Northern Lapwing primaries arranged 
from the innermost (P1) to the outermost (P10).



3% (Underhill & Joubert 1995, Meissner et al.
2018). However, male and female Northern 
Lapwings differ in wing shape (Glutz von 
Blotzheim et al. 1975) and thus also in the 
relative mass of subsequent primaries, which 
makes higher coefficient of variation values than 
in species with no such sexual dimorphism 
(Meissner et al. 2018).

Probably due to sexual 
differences in wing shape and thus 
primary relative masses, there is 
much overlap in the mass of 
adjacent primaries, also in their 
95% confidence intervals. 
Therefore, to minimise the number 
of unidentified primaries we used 
90% confidence intervals to 
establish threshold values for 
distinguishing between adjacent 
primaries (Table 1). The substantial 
overlap of the confidence intervals 
for the P4 and P5 primaries made it 
impossible to distinguish between 
them, and they were combined in 
further analyses (Table 1). When 
calculating the mean primary 
ordinal number found in successive 
pentads, the P4 and P5 primaries 
were assigned the number 4.5. 
Primaries whose masses fell within 
the 90% confidence interval 

overlap zone of adjacent feathers were excluded. 
Consequently, 1,270 of the 1,367 collected 
primaries were retained for this analysis. Since 
primary moult is descending, we used the 
frequency of the outermost primary as a proxy for 
the timing of the “final phase” of primary moult.

3. Results

In both years, at the start of the study, Northern 
Lapwings were already present in the study area, 
with numbers reaching a maximum of around 
100 individuals. In mid-July, their numbers 
increased noticeably, peaking at about 600 
individuals in August, while the mean number of 
birds remained relatively stable at around 300–
320 individuals (Fig. 2). Subsequently, numbers 
declined, and by mid-September the mean 
number of Northern Lapwings remaining in the 
study area was just over a dozen.

There were only slight between-year 
differences in the median ordinal number of 
collected primaries within pentads. Of the 19 
possible comparisons, only 13 reached the 
minimum sample size of at least five. In only one 
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Fig. 2. Changes in Northern Lapwing numbers across 
successive pentads. Data from both years are 
combined. Dot – mean number; rectangle – standard 
deviation; whiskers – range in a given five-day period.

Fig. 3. Mean ordinal number (large dot) of primaries collected in 
successive pentads. Rectangle – 90% confidence interval; vertical line – 
range; small dot – position numbers of individual primaries collected 
when sample size was small (N < 10). Sample size is given above each 
period.



case (27 July pentad) was the median in 2005 
(Me = 8) significantly higher than in 2004 (Me = 
7) (median test, χ² = 14.2, P = 0.0002). This 
difference was considered biologically 
unimportant, and the data from both years were 
combined. At the beginning of the study period, 
the ordinal number of collected primaries ranged 
between 1 and 7, with median values around 4. 
An increase in the ordinal number of collected 
primaries was observed in the second half of July, 
when the mean ordinal number gradually rose to 
around 8 and the two outermost primaries were 
recorded among collected flight feathers. 
However, during this period, the first (innermost) 
and the second primary were still present among 
the collected feathers (Fig. 3). From the 6 August 
pentad, this increase became slower until the turn 
of August and September, when the median 
ordinal number of collected primaries reached 9. 
Later, mainly primaries numbered P7 to P10 were 
found, although on 9 September, during a five-
days period, a primary P4 was still present in the 
sample (Fig. 3).

The earliest occurrence of a shed outermost 
(P10) primary was recorded in the 22 July pentad, 
when numerous inner primaries were still present 
among the collected feathers (Fig. 3). The 
proportion of shed outermost primaries then 
increased rapidly until early September, reaching 
0.6, before declining sharply in the 5 September 
pentad. A subsequent increase was observed, 
with proportions again reaching 0.5 in the 20 
September and 30 September pentads (Fig. 4).

4. Discussion

Changes in the number of Northern Lapwings 
observed at the study site were typical for this 
species in Central Europe. After breeding, the 
Northern Lapwing gathers in large flocks not far 
from the nesting sites (Imboden 1974, Eichhorn 
et al. 2017), staying there until weather 
conditions become bad. These summer flocks of 
Northern Lapwings gradually grow larger as 
birds that have finished breeding later join them, 
which in Central Europe commonly occurs 
between mid-June and mid-August (e.g. Ranftl & 
Dornberger 1984, Polakowski & Juniewicz 1998, 
Leuzinger 2001, Gloe 2005, Kaczorowski & 
Czyż 2013). These concentrations involve 
moulting birds, although first-year individuals, 
which do not moult their primaries during their 
first autumn, may also be present (authors’ 
unpublished data). Later, the number of lapwings 
in such places gradually decreases, and the birds 
begin a quick migration towards their wintering 
grounds (Imboden 1974). Birds from breeding 
populations in the Netherlands start their autumn 
migration in late October (Eichhorn et al. 2017), 
whereas in Poland, the maximum numbers of this 
species at stopover sites are most often recorded 
in October (Dyrcz et al. 1998, Janiszewski et al.
1998, Kuźniak & Lorek 1993, Kaczorowski & 
Czyż 2013); less frequently in September (St-
awarczyk et al. 1996, Furmanek 2000) or 
November (Szyra 2012). Therefore, in Lisewo 
Malborskie, we observed birds forming a typical 

concentration for this species after 
breeding and before migration.

Two main life strategies have been 
identified among migratory waders, 
each driven by the timing of life-
history events in relation to locations 
that offer seasonally abundant food 
resources (Alerstam & Högstedt 1982, 
Alerstam & Lindström 1990). The 
Northern Lapwing, similar to other 
short- and medium-distance migrants 
wintering in the northern hemisphere, 
is a B-strategy species (Alerstam & 
Högstedt 1982, Alerstam & Lindström 
1990). Abundant food at the breeding 
grounds allows them to overlap 
breeding and moult, as in the Common 
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Fig. 4. Proportion of the outermost (10th) primary among all primaries 
collected during successive pentads. The total number of primaries 
collected in each five-day period is given above.



Snipe (Gallinago gallinago) (Pinchuk & 
Meissner 2024), Oystercatcher (Haematopus 
ostralegus) (Glutz von Blotzheim et al. 1975, 
Hulscher 1977) and Northern Lapwing (Glutz 
von Blotzheim et al. 1975, this study). Con-
versely, S-strategy species find abundant food 
resources at their non-breeding “survival 
grounds”, where they usually spend more time 
than on their breeding grounds. This group 
consists mainly of long-distance migrants, which 
breed in the Arctic and usually delay moult until 
they reach productive non-breeding grounds in 
the southern hemisphere (Alerstam & Högstedt 
1982, Alerstam & Lindström 1990).

Post-breeding Northern Lapwings 
concentrate in food-rich areas, such as sewage 
farms, fishponds, dam reservoirs with 
periodically released water, and arable fields, 
where the replacement of most flight feathers 
takes place (op. cit.). There are a lot of 
agricultural lands around the study area, where 
Northern Lapwings were observed foraging 
(authors’ unpublished data). Moreover, banks and 
islets along the Vistula River also offer quite 
abundant food resources for migrating waders 
(Kozik et al. 2022, Meissner et al. 2023). The 
post-breeding concentrations of Northern 
Lapwings in areas where they moult their flight-
feathers resembles stopover moult migration 
(Tonra & Reudink 2018), in which flight feather 
replacement begins, and is at least partially 
completed, at a staging site prior to migration 
towards a wintering grounds. This kind of moult-
migration has been recorded mainly in waterfowl 
(i.e., Panek & Majewski 1990, Frimer 1994, Fox 
et al. 2014), but also in some waders, both long-
distance (Hoffmann 1957, Jehl Jr 1987, Barbaree 
et al. 2016) and short-distance migrants (Kube & 
Graumann 1994, Schuster 1994, Pinchuk & 
Meissner 2025). However, unlike waterfowl, 
waders in these moulting sites retain the ability to 
fly during moult, although they may exhibit 
reduced flight performance due to the presence of 
gaps in their wings (OAG Münster 1975, Jehl 
1987, Pinchuk & Meissner 2025). The numbers 
of Northern Lapwings observed at moulting sites 
usually exceed those known for the local 
breeding population (Leuzinger 2001, this study), 
indicating that individuals from across a larger 
area use these sites. Therefore, in migratory 

populations of this species, moult-migration at 
stopover sites may be a usual strategy, in contrast 
to resident western European populations, which 
undertake only short local movements after the 
breeding season.

In our study, a wide range of collected 
primary ordinal numbers from 6 to 9, was 
recorded during successive pentads from early 
July to late August. This indicates considerable 
variation in the onset of moult in this species. 
Such variation may be influenced by differences 
in egg-laying dates and breeding success, as the 
timing of egg laying varies not only lon-
gitudinally across Europe (Glutz von Blotzheim 
et al. 1977), but may also differ among habitats 
(Chamberlain & Crick 2003). Moreover, the 
ability to replace failed clutches is an important 
and common component of Northern Lapwing 
productivity. Overall, between 49% and 83% of 
first lost clutches are replaced in this species 
(Jackson & Jackson 1975, Baines 1989, Berg et 
al. 1992). Therefore, the date of egg laying, 
whether birds attempt clutch replacement after 
failure, and the stage at which brood loss occurs 
may all influence the onset of flight-feather re-
placement, contributing to the wide range of 
primary ordinal numbers recorded on a given day.

A wide range of moult scores found in 
moulting Northern Lapwings, especially in early 
stages of primary moult (Goodyer 1976, 
Appelton & Minton 1978) strongly suggests that 
there is a high variability in the timing of primary 
moult also in western European populations. 
Therefore, such high variability in the mean 
starting dates of primary moult suggests that this 
occurs in both migratory and sedentary popu-
lations. The wide variation in the timing of the 
end of the breeding season, which is closely 
linked to the start of moult and the delayed onset 
of migration towards the wintering grounds, 
means that the moulting process does not need to 
be rapid or highly synchronised in time, unlike in 
waders staying in seasonally and predictably 
highly productive temperate tidal areas 
(Remisiewicz et al. 2009, Round et al. 2012). 
Feeding conditions for waders in inland wetlands 
during summer and autumn are less predictable 
than the more stable resources available to 
species moulting in marine intertidal habitats. In 
inland areas, the abundance of food resources 
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depends heavily on soil moisture, which directly 
affects the availability of their main prey, 
earthworms (Edwards & Bohlen 1996, 
Witkowska et al. 2022, Oosterveld et al. 2025). 
These factors, together with agricultural 
practices, may vary within and between years, 
making conditions less predictable than in tidal 
environments.

Two distinct periods with a high proportion of 
outermost primaries among those collected 
during the study indicate some level of bird 
turnover within the flock staging in the area. It 
seems that some Northern Lapwings that began 
moulting early start migrating once moulting is 
complete, and the number of birds declined from 
the end of August. In September, individuals that 
had initiated moult elsewhere and were entering 
the final phase of flight-feather replacement (the 
shedding of the outermost primary) appeared in 
our study area. Thus, during the stopover moult-
migration period, birds may move between post-
breeding concentration sites, probably driven by 
deteriorating local conditions. Furthermore, 
individuals from different breeding populations 
may congregate in the study area, as ring recov-
eries indicate that Northern Lapwings from a vast 
area extending from the Baltic countries to 
central European Russia migrate through 
northern Poland (Spina et al. 2022). The timing 
of the breeding season likely varies among birds 
from different parts of this range, which also 
would affect the onset of feather replacement.

The method of studying primary moult by 
collecting shed flight feathers does not allow for 
an assessment of the time required for flight-
feather replacement, particularly when the start 
date of moult is unknown, as in our study. 
Moreover, the wide range of ordinal primary 
numbers collected at 5-day intervals indicates 
substantial individual variation in moult timing, 
which also means that any attempt to estimate 
timing based on collected feathers would be 
subject to considerable error. The only study on 
primary moult in the Northern Lapwing, by 
Appleton & Minton (1978), provided a rough 
estimate of its duration in the English population 
of 114 days. This is similar to the closely related 
Golden Plover (Pluvialis apricaria), in which 
primary moult also overlaps with incubation and 
chick rearing, and its duration has been estimated 

at 100–116 days depending on the population 
(Machín et al. 2028). Overlap between breeding 
and moult allows birds to distribute the costs of 
moult over a long period and avoid the 
detrimental effects of rapid moult on feather 
quality (Dawson et al. 2000, Serra 2001). This 
strategy also minimises the period of reduced 
flight ability, when birds are exposed to increased 
predation pressure, and enables them to begin 
migration toward the wintering grounds with 
newly grown flight feathers. Therefore, slow 
primary moult allows Northern Lapwings to cope 
with the less predictable and more ephemeral 
food supplies characteristic of freshwater 
wetlands and agricultural areas. Moreover, high-
quality primaries may perform better during the 
acrobatic aerial displays performed by males in 
the following breeding season. This primary-
moult pattern described for the Northern 
Lapwing may be typical of all species represent-
ing the B-strategy (sensu Alerstam & Högstedt 
1982), which remain and exploit local food 
resources for as long as possible before initiating 
movement toward the wintering grounds.

Primary moult studies based on feather 
collection can be carried out quite easily. 
However, such studies require a reliable and 
practical method for distinguishing among the ten 
primaries, as well as an adequate reference 
collection obtained from museum specimens or 
dead individuals. Moreover, shed feathers 
provide little information about the moulting 
birds themselves and do not permit the use of the 
preferred Underhill–Zucchini model to estimate 
key moult parameters, including moult duration. 
Also, they do not support the use of the preferred 
Underhill–Zucchini model to determine key 
moult parameters, including moult duration. 
Consequently, this method of examining flight-
feather replacement has not been widely used, 
especially in recent years, as it cannot substitute 
for studying moult from birds in the hand or from 
individuals photographed in flight. Nevertheless, 
for species in which adult birds are rarely 
captured during primary moult, but do form large 
congregations during that period, the study of 
shed remiges does allow for a general description 
of the timing of feather replacement. In addition, 
the dates when innermost and outermost 
primaries are collected can provide a reasonable 
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estimate of population moult onset and duration 
with considerably less effort than would be 
needed for the capture and ringing of the same 
birds.

The example of the Northern Lapwing also 
illustrates other problems that may be en-
countered when analysing primary moult based 
on collected shed feathers. In the case of stopover 
moult migration, bird movements among 
stopover sites cannot be ruled out. If moulting 
begins at different times in distant locations, this 
may increase the variability in the ordinal 
numbers of collected flight feathers. It should 
also be noted that in the Northern Lapwing the 
coefficient of variation in the mass of successive 
primaries is much higher than in other species 
due to sexual differences in wing shape (Glutz 
von Blotzheim et al. 1975, Prater et al. 1977). 
This forced us to use a 90% confidence interval, 
which increased the uncertainty in determining 
the ordinal number of neighbouring primaries. 
Although feather collection provides only a 
rough description of moult timing, in the case of 
the Northern Lapwing this method still allowed 
us to demonstrate significant variability in the 
timing of the start and end dates of primary moult 
and to discuss the possible factors influencing the 
observed variation.

Käsisulkien sulkasato töyhtöhyyppien (Vanellus 
vanellus) muuttavassa populaatiossa

Tutkimme muuttavan keskieurooppalaisen töyh-
töhyyppäpopulaation (Vanellus vanellus) käsisul-
kien sulkasatoa keräämällä pudonneita käsisulkia 
pesimäkauden jälkeiseltä kokoontumisalueelta 
Veiksel-joen rantaniityiltä Pohjois-Puolassa 
heinä–syyskuussa 2004–2005. Yhteensä analyy-
sissa käytettiin 1 270 käsisulkaa. Sisempien käsi-
sulkien (P1–P7) määritysperuste oli paino, joka 
perustui vertailunäytteisiin. Kolme ulointa käsi-
sulkaa (P8–P10) määritettiin niiden valkeiden 
kärkitäplien ja kovertumien perusteella.

Kerättyjen käsisulkien keskimääräinen järjes-
tysnumero kasvoi tasaisesti heinäkuun alusta 
syyskuun loppuun, mikä viittaa tyypilliseen las-
kevaan käsisulkien sulkimisjärjestykseen. Kui-
tenkin käsisulkien järjestysnumeroiden laaja 
vaihtelu kunkin näytteenottokauden aikana 

viittaa suureen vaihteluun sulkasadon aloitukses-
sa, joka liittynee muninnan ajoituksen eroihin 
sekä menetetyn pesyeen korvaavan kakkospe-
syeen ajankohtaan sekä populaatioiden sisällä 
että niiden välillä. Käsisulkien sulkasadon aloi-
tuspäivien suuri vaihtelu näyttää olevan lajille 
tyypillinen piirre riippumatta populaation 
muuttotavoista.

Lisäksi kahden erillisen ajallisen huipun 
esiintyminen uloimpien käsisulkien osuudessa 
viittaa yksilöiden vaihtumiseen alueella. Tämä 
heĳastanee varhain sulkivien lintujen poistumista 
ja myöhemmin sulkivien lintujen saapumista 
syyskuun aikana, mahdollisesti sekä populaatioi-
den välisen että sisäisen vaihtelun seurauksena.

Pesimäkauden jälkeinen sulkasato töyhtöhyy-
pällä näyttää olevan johdonmukainen välipysäh-
dyksiin liittyvän sulkasatomuuton kanssa, jolloin 
linnut kokoontuvat ravintorikkaille alueille päät-
tämään siipisulkien sulkasadon ennen syysmuut-
toa. Tuloksemme osoittavat, että pudonneiden 
siipisulkien kerääminen voi tarjota hyödyllisen, 
joskin rajallisen, menetelmän sulkasatoajoituk-
sen kuvaamiseen lajeilla, jotka muodostavat suu-
ria pesimäkauden jälkeisiä parvia ja joita on 
muuten vaikea pyydystää riittävästi edistyneem-
pää sulkasatoanalyysiä varten Underhill–Zucc-
hini-menetelmällä ja muilla kattavammilla mal-
leilla, jotka edellyttävät tietoa kaikkien samanai-
kaisesti vaihtuvien viereisten sulkien 
kasvuvaiheista.
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