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Abstract 

Background:  Most of long-distance migratory raptors suspend moult during migration but detailed information is 
patchy for most of the Palearctic species. The aim of this research is to verify if active moulting in migrating Western 
Marsh Harriers occurs and to quantify the extent of moulting along the season focusing on primary feathers.

Methods:  During a whole post-breeding migration at the Strait of Messina in Southern Italy, we gathered informa-
tion about symmetrical flight feather moult from 221 adults by taking pictures of raptors passing at close range.

Results:  We found active moulting primaries during autumn migration in 48.4% of our samples. Slight differences on 
the extension and timing among sex classes were recorded during the season, with adult females showing a more 
advanced moult stage than adult males.

Conclusion:  The finding that the extension of the suspended moult was already defined in migratory individuals 
might be explained as an adaptation to minimize the energy required for moulting during migration.
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Background
Breeding, migration, and moulting are considered the 
three-main energy-demanding events in the yearly 
cycle of birds (Newton 2008) and usually studied sepa-
rately due to their isolated occurrence (Newton 2009). 
The importance of the moult in the life cycle of birds of 
prey for advancing our understanding of the ecology of 
each species has been recently highlighted by Zubero-
goitia et  al. (2018). In several migrating species moult-
ing leads to age-dependent migration strategies (Cristol 
et  al. 1999; Zenzal and Moore 2016) and these differ-
ences are especially pronounced among long-distance 
migrants. Among passerines, first-year birds migrate 
earlier than adults. The opposite occurs in species in 
which adults suspend or postpone moult until they reach 
their wintering grounds (Schifferli 1965; Payevski 1994; 
Woodrey and Chandler 1997; Woodrey and Moore 1997; 
Jakubas and Wojczulanis-Jakubas 2010). Long distance 

migrant raptors typically avoid moulting during migra-
tion (Berthold 1975; Newton 1979) such as in the case of 
Osprey (Pandion haliaaetus; Ferguson-Lees and Christie 
2001). In small raptors the time required to grow a new 
feather is 2‒3 weeks while it is much longer in large rap-
tors such as vulture species (Zuberogoitia et al. 2018). In 
the case of damaged feathers, raptors can replace them 
much faster than in the usual time of moulting (Ellis et al. 
2016). However, there are species that do not stop moult-
ing during long-distance movements (Kjellén 1992). For 
example, it has been found that Palearctic Circus sp. 
moult during migration and eventually slow the moult-
ing process (Arroyo and King 1996). Moreover, we can 
find the “suspended moult” strategy which is defined 
as a moult interrupted temporarily and subsequently 
resumed (Baker 2016). This strategy frequently involves 
individuals in late breeding attempts having to interrupt 
their normal moult cycle in order to migrate.

In Western Marsh Harriers (WMHs), females started 
moulting during incubation (May‒June) while males start 
up to 6 weeks later (Forsman 1999). During chicks rear-
ing period WMH may suspend moult for better hunting 
efficiency while they end moulting in late October‒early 
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November (Forsman 1999). During spring migration 
Gorney and Yom (2001) showed that adult WMHs per-
form their journey with non-active moult in their flight 
feathers.

Unfortunately, moulting patterns in relation to migra-
tion strategies are poorly investigated in raptor spe-
cies despite it   is well known that long-distance migrant 
Accipitriformes need a large amount of energy to over-
come barriers during migration where they must use 
flapping powered flight (Agostini et al. 2015). The aim of 
this work is to confirm and to describe the active moult 
of WMH’s flight feathers during the spring migration 
across the Strait of Messina.

Methods
Fieldwork
From August 13th to September 30th 2016 we collected 
data on moulting Western Marsh Harriers migrating 
along the Mid-Mediterranean Flyway (Fig.  1). Field-
work was carried out on the continental side of the 
Strait of Messina, a hotspot for soaring birds (Panuc-
cio et  al. 2005; Agostini et  al. 2017; Pastorino et  al. 
2017). We used two watch points both located on the 
Aspromonte Plains, a flat highland a few kilometers 
inland of the Strait of Messina, on the western side of 
the Apennines ridge. The highland lies between 1000 
and 1200  m a.s.l.  with a landscape altered by human 

agricultural activity. One of the watch points was 
located in the middle of the highland while the other 
one was located close the mountain slopes. Observa-
tions were carried out daily from sunrise to sunset.

We used high-quality photos taken in the field from 
which moult patterns can be inferred (Snyder et al. 1987; 
Zuberogoitia et al. 2016; Vieira et al. 2017). Digital cam-
eras (i.e. Panasonic Lumix DMC-FZ72, FZ300) were 
equipped with lens with 8‒60 × magnification. Photogra-
phy data collection was supported by visual observations 
that were made using binoculars (i.e. Leica 10 × 42) and 
scopes (i.e. Swarowski 20‒60 ×) by at least two experi-
enced birders operating simultaneously. Visual observa-
tions were used only to detect if birds were moulting or 
not. Pictures and data were compared daily with those 
from the other watch points to  delete possible double-
counting of the same individuals according to the time 
and location of the birds passage as well as the individual 
moult features and sex. Only birds observed or photo-
graphed at closer range (< 100 m) were considered in the 
analysis, providing a random sample of the whole num-
ber of WMHs detected. We determined: (1) if harriers 
were moulting or not; (2) for a subsample of individuals, 
we were able to describe the moulting stage according 
to Ginn and Melville (1983). In this last subset of data, 
we recorded the number of primaries that the bird was 
moulting, if any. Therefore, we assigned a value from 1 to 

Fig. 1  Geographical context of the study area, the Strait of Messina (SM). The asterisk indicates the Aspromonte plain
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10 according to the primary feathers moulting pattern of 
the species, being 1 = P1, 2 = P2 and so on (Baker 2016).

Data analysis
We used two different analyses. A Binary Logistic Regres-
sion Analysis (hereafter BLRA) (logit link function) 
(Boyce et  al. 2002; Keating and Cherry 2004; Rushton 
et  al. 2004) was used to test the factors influencing 
numbers of moulting individuals. For this we compared 
moulting and non-moulting birds (using both, data from 
visual observations and from pictures inspection), that in 
the BLRA was our dependent binary variable (1/0). The 
covariates were:

1.	 The Julian date calculated as the number of the day 
from the beginning of the year (January 1st being day 
number 1).

2.	 The squared Julian date was used as covariate as well 
to account for non-linear effects of the Julian date on 
bird migration (Knudsen et  al. 2007; Lindén 2011; 
Lindén and Mäntyniemi 2011; Panuccio et al. 2016).

3.	 Sex of the bird (male, female).
4.	 Age (2nd CY, adult).
5.	 Watch point.

We tested the fitness of the model by means of the area 
under the curve of the Receiver Operating Characteristic 
(ROC) plot (Pearce and Ferrier 2000; Boyce et  al. 2002; 
Fawcett 2006). This area provides a measure of discrim-
ination ability, varying from 0.5 for a model with a dis-
crimination ability no better than random, to 1.0 for a 
model with perfect discriminatory ability.

To verify the variation of moulting stage among the 
photographed individuals, we used a Linear Model (LM) 
using the number of moulting primaries  as dependent 
variable (from 1 to 10). As covariates we used the same 
of the BLRA with the exclusion of the watchpoint. We 
tested the fitness of the model checking the R2 value.

For both, LM and BLRA, we made a stepwise model 
selection comparing the different models by the AICc 
value and choosing the ones with the lowest value. All 
statistical analyses were made with R open source soft-
ware (R Development Core Team 2015).

Results
We observed a total of 3522 Western Marsh Harriers 
between the 13th August to 30th September. Among 
those, the individuals that were aged as adult birds were 
1125 while juveniles were 413. From adult birds, 802 
were positively identified as males and 323 as females, 
of which 19 were 2nd CY birds. Other 673 individu-
als were recorded under the category female/juve-
nile type. The remaining 1311 observed WMHs were 

undetermined. We took close pictures that allowed 
us to identify clear signs of moult from 107 individu-
als, while other 114 harriers did not show moult signs. 
From all these WMHs we obtained active moult 
schemes extracted from photos of 35 WMHs, 21 males 
and 14 females respectively. Another seven WMHs that 
recently suspended the moult of their primaries were 
confirmed but not included in the analyses because 
they  weren’t active moulting birds. We did not record 
any individuals with old feathers missing or with new 
pin feathers, neither individuals with new feathers at 
one-third of its whole length. The timing of the pri-
mary feathers moult varies slightly between males and 
females (Fig.  2). Females showed a more advanced 
moult stage on average than males, with 100% of the 
females with the inner 3rd primary already moulted 
unlike the 79% of the males. Similarly, different pro-
portions between sexes have been recorded for the 4th, 
5th, 6th and 7th primaries. However, the three outer-
most primaries, the 8th, the 9th and the 10th, remained 
unmoulted in both sexes (Fig. 3). 

The results of both, the BLRA and the LM (Table 1), 
indicate that the Julian date is the only relevant variable 
explaining the passage of moulting harriers in the study 
area, with higher numbers observed early in the season 
and with a more advanced moult later in the season 
(Table  1). Females were observed with more moulted 
primaries than males (Fig.  4). Moreover, 2nd CY har-
riers have a more advanced moult comparing to adults 
(Table 1).

Fig. 2  Proportions of moulting WMH during autumn migration at 
the Strait of Messina. Moulting (Yes = light grey) and non-moulting 
(No = dark grey) birds across the season (11th August‒30th 
September). (a) Males, (b) Females
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Discussion
Our results suggest that adult WMHs start their autumn 
migration once the last primary to be moulted (maxi-
mum until the P7) was already expelled, and the previ-
ous primaries are already growing. Growing stages of 
those feathers could be visible during the lapse of migra-
tion that it takes for feathers to grow until their complete 
development. Therefore, during post-breeding migra-
tion only growing new flight feathers and moulted new 
ones were recorded, but no lacking feathers. We detected 
the presence of primary feathers unmoulted, already 
moulted, and growing at medium/late moulting stages. 
Not a single individual showed the lack of a primary or 
an immediate growing stage such as 1 or 2 (Ginn and 
Melville 1983). This indicates that replacing the next 
old feathers in the sequence is unlikely to occur during 
migration but in the winter quarters.

The lack of feathers might imply a less efficient flight 
with a disproportional increase of the energy required for 
flapping (Pennycuick 2008). Therefore, it is possible that 
adult WMHs which belong to the same sex group with 
a higher number of primary feathers involved in their 
moult should come from breeding grounds farther away 
than individuals showing a less extended ongoing moult. 
Moreover, our data suggests that there is a relationship 
between the extension and timing of the suspended 
moult and the timing of the migration itself with a differ-
ence between males and females. We found adult females 
showed an averaged more extended moult than the adult 
males and a later timing of migration as well (Agostini 
and Panuccio 2010; Agostini et  al. 2017). This confirms 
that adult females start moulting in the breeding season 

Fig. 3  Proportion of moulted primaries for male and female WMHs 
recorded in the present study (SS = secondary feathers)

Table 1  Model selection for the BLRA and for the LM investigating factors influencing moult of migrating Western Marsh 
Harriers

Parameters estimates ± standard errors are shown together with p values for the best models. The best models are shown in italics, below the full models are reported

Model AICc ΔAICc AUC/R2

BLRA Julian date (β = ‒ 0.04 ± 0.01, p < 0.01) 288.6 0 0.61

Julian date, Julian date squared, Sex, Age, Watchpoint 293.6 5 0.64

LM Julian date (β = 0.1 ± 0.03, p < 0.05), Sex (Males, β = ‒ 1 ± 0.4, p < 0.05), 
Age (Adults, β = ‒ 1.7 ± 0.8, p < 0.05)

22.39 0 0.48

Julian date, Julian date squared, Sex, Age 24.12 1.73 0.49

Fig. 4  Moult of male (a) and female (b) Western Marsh Harriers in 
relation to Julian date
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before the males. However, they suspend that moult later 
on average as well (Cramp and Simmons 1980; Kjellén 
1992).

Conclusion
If we considered “active moult” as the lapse of time 
during which a bird replaces feathers rather than the 
time spent by a bird on feathers growth, we might con-
sider that active moult of WMHs ends at the breeding 
ground immediately after shedding the last primary to 
be replaced and just before starting the post-breeding 
migration. So, during migration, only growing feathers 
take place, being the extension of the suspended moult 
already defined at the breeding ground just before leav-
ing. This strategy might be evolved to minimize the effect 
of moulting during migration. Such movements are ener-
getically demanding and harriers are known to be rap-
tors that largely use powered-flapping flight over long 
distances (Spaar and Bruderer 1997; Panuccio et al. 2013, 
2016; Agostini et al. 2015, 2017).
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