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Abstract 

Background: Inland wetlands are crucial for biodiversity conservation, especially in highly-urbanized landscapes. In 
the European Union, many wetlands are included in the EU ‘Natura 2000’ network, the main tool for biodiversity con-
servation over the continent, which requires the development of site-specific management plans. Clear and feasible 
recommendations are necessary to provide site managers with effective tools for the maintenance of biodiversity in 
these unstable environments. Birds are excellent umbrella species, therefore a management targeted at increasing 
habitat suitability for focal bird species would likely benefit broader wetland biological communities.

Methods: During spring–summer 2017, we collected presence/absence data for 10 bird species of conservation 
interest at a site scale for 21 Natura 2000 sites. We also carried out a point count survey to detect presence/absence of 
four reedbed-dwelling species at 75 points. At the site level, we estimated landscape characteristics from regional GIS-
layers, whereas fine-scaled habitat composition was recorded on the field within a 100 m-buffer around the 75 points. 
We analysed the effect of the extent of different habitats on species’ occurrence probability by means of multi-species 
binomial multivariate adaptive regression splines (MARS) at both scales. We also run species-specific MARS models to 
compare their performance with those of multi-species models.

Results: At the site scale, the extent of the reedbeds/mires was positively associated with the occurrence of all spe-
cies of conservation concern. At the point-count scale, reedbed extent positively predicted species’ occurrence, but 
only in presence of patches of clear shallow water. Species-specific MARS models showed qualitatively similar results 
for some species, but generally were outperformed by multi-species ones.

Conclusions: Multi-species MARS models confirmed to be an efficient tool in disclosing species-habitat relation-
ships even for set of species including scarce taxa and when only short-term monitoring data are available. In terms 
of conservation measures, our findings stress the importance of Phragmites australis reedbed as a key habitat for avian 
biodiversity, but only when it is flooded and interspersed with scattered patches of open water. The preservation of 
wide (> 100/150 ha) and flooded reedbeds structured in spots of no less than 2 ha emerges as the main conservation 
measure for the long-term conservation of the threatened avifauna of inland pre-Alpine wetlands.

Keywords: Multivariate adaptive regression spline, Natura 2000, Pre-Alpine belt, Species-habitat relationship, 
Umbrella species, Urbanized landscape
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Background
Wetlands represent a small percentage of the emerged 
land surface (4–9%; Mitsch and Gosselink 2000; Zedler 
and Kercher 2005) but deliver the 40% of global eco-
system services (Zedler and Kercher 2005), including 
those of water supply, resilience to climate change and, 
particularly, those related to biodiversity conservation 
(Ramsar Convention Secretariat 2006). The long-term 
persistence of wetlands is particularly threatened in 
highly anthropized areas and in those of rapid demo-
graphic increment since water drainage for civil uses 
eventually shrinks the water availability for natu-
ral environments (Prigent et  al. 2012). Therefore, the 
growth of the human population is probably the main 
cause of the alarming contraction of wetland surface 
at a global scale, estimated at 61–70% in the twentieth 
century (Gardner et al. 2015). The most representative 
wetland habitats are protected in Europe since 1992, 
when the European Union defined a list of ‘habitats of 
priority conservation interest’ (92/43/CEE—‘Habitats 
Directive’). Thanks to the ‘Habitats Directive’, a vast 
network of protected areas (particularly representative 
for wetlands) was then established based on the local 
occurrence of habitats included in this list, as well as 
on the occurrence of bird species listed in the Annex 
I of the ‘Birds Directive’ (2009/147/EC). The network 
of protected areas that was established on the basis 
of the two aforementioned directives takes the name 
of ‘Natura 2000’ and nowadays includes many of the 
most important European wetlands and is made of two 
types of protected areas: Sites of Community Impor-
tance (SCIs; now Special Areas of Conservation, SACs), 
established on the occurrence of habitats listed in the 
‘Habitat Directive’ Annex I, and Special Protection 
Areas (SPAs), which host important populations of 
threatened bird species listed in the ‘Birds Directive’ 
Annex I.

Overall, Natura 2000 proved to be an efficient tool to 
preserve biodiversity in Europe (Trochet and Schmel-
ler 2013); however, a simple protection status is not 
enough for wetlands, because these are naturally unsta-
ble environments, which, especially in the absence of 
natural, dynamic processes, need an active manage-
ment to ensure their long-term survival and efficiency 
as supplier of ecosystem services (Zedler and Kercher 
2005). However, the management of protected wetlands 
targeted at biodiversity conservation can be tremen-
dously challenging: the fine control of the waterbody 
hydrology, on which wetland characteristics depend, 
should be ideally associated to specific management 
measures for each of the different habitats occurring 
within the wetland (i.e. Weller 1994; Russo 2008; Gray 

et  al. 2013; Meli et  al. 2014). Management complica-
tions are exacerbated by the very scarce resources that 
local managers usually can allocate to both preliminary 
surveys and successive practical interventions.

Wetland-dwelling birds are suffering worldwide 
population declines (Wetland International 2018), 
associated to the progressive reduction of the wetland 
surface (Wang et  al. 2018). Oscillations in abundance 
and occurrence of wetland birds, either estimated 
at the single species or at the community scale, have 
been shown to reflect environmental variation of their 
habitat over both short- and long-term periods (e.g. 
Almaraz and Amat 2004; Martínez-Fernández et  al. 
2005; Rendón et  al. 2008; Fasola et  al. 2010). Further-
more, many wetland bird species occupy high ranks 
in the trophic chain, so that their abundance and 
occurrence generally relate to those of lower-ranking 
organisms (e.g. Matsinos and Wolf 2003; Burger and 
Eichhorst 2005, but see in contrast Guareschi et  al. 
2015). Overall, with the due cautions, the occurrence of 
focal species of wetland birds can be safely used as an 
indicator of the general ecological status of a given area 
(Cable et  al. 1989; Amat and Green 2010). Therefore, 
considering management issues and the critical status 
of several wetland sites and wetland species, coupled 
with a widespread lack of resources, there is an urgent 
need for working flows and procedures that allow the 
definition of concrete management indications based 
on relatively short-termed and affordable survey proto-
cols. Such tools are urgently required to concretely fos-
ter the conservation of wetlands, preventing the loss of 
their key features and preserving the threatened species 
and communities they harbour. Birds are particularly 
suited as model organisms for this task, considering 
both their ecology and the concerning status shown by 
several wetland species.

We used bird-occurrence data collected during sur-
veys carried out in a single breeding season to iden-
tify key management recommendations for preserving 
wetland biodiversity. We used both single-species and 
multi-species modelling of habitat requirements and 
evaluated their potential use as tools to define practical 
management indications even based on a single-sea-
son dataset. Specifically, the aims of this study were to 
(1) identify the landscape-scale variables affecting the 
biotope-level occurrence of bird species of conserva-
tion interest; (2) identify, at a finer scale, which habitat 
variables are associated with the occurrence of a set of 
target reedbed-dwelling species. Furthermore, the ulti-
mate objective of this study was (3) to obtain practical 
management recommendations for the conservation of 
bird communities and populations in inland wetlands 
of the pre-Alpine belt.
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Methods
Study areas
We studied the bird communities of inland wetlands 
located in the pre-Alpine belt of Lombardy Region 
(Northern Italy, Fig.  1), one of the most densely popu-
lated area of Europe, with a mean population density of 
421 people/km2 (ISTAT 2018). Inland wetlands of Lom-
bardy are severely threatened by anthropic pressure and 
measures to foster their long-term conservation should 
be a priority for regional and national governments, also 
considering the EU requirements. Our study was car-
ried out in 21 inland wetlands within the ‘Natura 2000’ 
network (Fig. 1, ‘study sites’ thereafter). Most of the sites 
are rather small wetlands (mean extension in ha ± SD 
371.58 ± 441.56; min 20.23, max 1610.64) of post-glacial 
origin (sites 4–14 and 19–20 in Fig. 1), while others origi-
nate as shallow water areas along major rivers (i.e. river 
Adda, sites 16–18) or lakes (i.e. Lake Maggiore, sites 1–3; 
Como Lake site 15). The study sites are scattered over an 
area of ~ 7800 km2, ranging between 46°12′–45°38′N and 
8°36′–10°01′E (Fig.  1), at an average elevation of 257.95 
(± 82.89 SD) m a.s.l. (range 171–537). The climate is tem-
perate continental, with a mean annual temperature of 

11.1 °C and mean annual precipitation of 1236 mm (val-
ues referred to Montorfano Lake, nearly occupying the 
mid-point of the study area, source: Merkel 2017). The 
habitat of the study areas is mainly characterised by the 
occurrence of patches of Phragmites australis, in some 
cases forming wide continuous reedbeds up to 290  ha 
(site 5, Fig. 1), but generally reduced to thin strips of a few 
meters of width bordering open water extents. Together 
with the reedbeds, the study areas host patches of wet-
land habitats protected by the European Union’s Habitat 
Directive as the “alluvial forests with Alnus glutinosa and 
Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion 
albae)” (EU code: 91E0) and the “Natural eutrophic lakes 
with Magnopotamion or Hydrocharition-type vegetation” 
(EU code: E3150).

Target species
We performed  our study by surveying different sets 
of species at two different spatial scales, i.e. the ‘study 
site’ scale (with Natura 2000 sites being the sampling 
units, n = 21), and the ‘point count’ scale (with sampling 
points surveyed during point counts as sampling units, 
n = 75). At the site scale, we checked the occurrence as 

Fig. 1 Maps of the study area. Distribution of the 21 Natura 2000 sites surveyed during the study. The location of the point surveyed by means of 
point counts (n = 75, grey dots) within each site is also shown. The main lakes of the area are shown. Names of the sites are indicated in the below 
box, along with the indication of protection status (either Sites of Community Importante ‘SCI’/Special Area of Conservation ‘SAC’ sensu EU Directive 
92/43, or Special Protection Area ‘SPA’ sensu EU Directive 2009/147/EC)
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breeding taxa of 10 species of conservation priority in the 
EU (i.e.  included in the Annex I of the Birds Directive) 
and known to breed in some of the target sites: Western 
Marsh Harrier (Circus aeruginosus), Purple Heron (Ardea 
purpurea), Ferruginous Duck (Aythya nyroca), Kingfisher 
(Alcedo atthis), Black-crowned Night Heron (Nycticorax 
nycticorax), Little Bittern (Ixobrychus minutus), Black 
Kite (Milvus migrans), European Honey Buzzard (Pernis 
apivorus), Black Woodpecker (Dryocopus martius) and 
Lesser Spotted Woodpecker (Dendrocopos minor; the last 
not included in Annex I of the Birds Directive but of con-
servation concern at the local scale). We also checked for 
the occurrence of further three species listed in Annex I 
of the Birds Directive, but these eventually resulted com-
pletely absent (i.e. Moustached Warbler Acrocephalus 
melanopogon) or too scarce to be analysed in the study 
(Little Crake Porzana parva and Spotted Crake Porzana 
porzana occurred with only 1–2 pairs in the entire study 
area).

At the point count scale, we checked the occurrence of 
four bird species, not listed in the Annex I of the Birds 
Directive: Eurasian Reed Warbler (Acrocephalus scir-
paceus, referred to as Reed Warbler hereafter in the text), 
Marsh Warbler (Acrocephalus palustris), Great Reed 
Warbler (Acrocephalus arundinaceus), passerines belong-
ing to Acrocephalidae; Water Rail (Rallus aquaticus), 
belonging to Rallidae. The three passerines are insectivo-
rous, long-distance migrants with diurnal habits and all 
breed in the reedbed, where they occur along a habitat 
gradient, with Great Reed Warbler occupying perma-
nently flooded and monospecific reedbeds, and with 
Marsh Warbler at the other end of the gradient, inhabit-
ing drier reedbeds mixed with bushes (Cramp and Sim-
mons 1998; Kennerley and Pearson 2010). The Water Rail 
is a mainly nocturnal bird, which feeds on invertebrates 
found in the mud (Cramp and Simmons 1998) and year-
round occurring in the area, although the migratory 
behaviour of the local populations is still poorly known. 
Overall, the habitat requirements of these four species 
taken together represent fairly well the broader spectrum 
of ecological niches occurring in reedbeds. Therefore, 
their presence can be taken as an indicator of the over-
all ecological status of a reedbed (see also Brambilla and 
Jenkins 2009; Mortelliti et al. 2012).

Environmental variables
Environmental variables were collected at the two differ-
ent spatial scales of Natura 2000 sites and point counts 
respectively.

At the Natura 2000 sites scale, we estimated land-
cover within each study site, thanks to a land-use/land-
cover (LULC) map available from Lombardy Region and 
updated to 2015 (DUSAF 2015; resolution 1:10,000). 

Even if this LULC map, based on photointerpretation, is 
very accurate and updated, we field-validated the bound-
aries of the habitat types and manually corrected them 
when needed in QGis (v 2.4.0, Quantum GIS Devel-
opment Core Team 2018). Fifty-two LULC categories 
were included in our study areas: we then merged them 
into 9 habitat categories (see Additional file  1: Table  S1 
for the complete list of original habitat types): (1) ‘reed-
beds/mires’ (mainly reedbeds of P. australis, but includ-
ing mires and Magnocaricetum assemblages); (2) ‘inland 
open waters’ (natural and artificial ones); (3) ‘non-vege-
tated areas’ (including buildings); (4) ‘arable lands’; (5) 
‘meadows’; (6) ‘riparian vegetation’ (low shrubby vegeta-
tion, at least occasionally flooded); (7) ‘transitional shrub-
land’ (high shrubs); (8) ‘deciduous woods’ (mainly Salix 
alba and A. glutinosa forest patches); (9) ‘wood crops’ 
(poplar plantations, orchards).

At the point count scale, we mapped the habitat com-
position within a 100  m-buffer from each point (meas-
ured in QGis). Successively, we estimated the proportion 
of each habitat type within the buffer and eventually 
converted this proportion into an extent of habitat cover 
(ha). At this step, we considered 8 habitat categories: 
Open shallow water; P. australis reedbed; trees (> 5  mt 
height); shrubs (< 5 mt); meadows (< 1 mt); Magnocarice-
tum complex (typical wetland assemblages of tall grasses, 
up to 1.5  m, dominated by Carex spp., mostly C. elata, 
C. pendula and C. acuta within the study area); bare soil; 
other LULC types. Furthermore, since each point was 
visited for the environmental survey at least twice in the 
season, we added a categorical variable indicating if the 
reedbed fraction of the buffer was permanently inun-
dated during the season (2), occasionally inundated (1), 
or permanently dry (0).

Survey methods
Surveys aimed to detect the species occurrence were 
also performed at the two different spatial scales of sites 
and point count, respectively (the sets of target species 
were mutually exclusive for the two spatial scales). To 
check the occurrence of the 10 species of conservation 
concerns, we followed the species-specific guidelines 
described in the ‘Region Lombardy Plan for monitoring 
of avian species of Annex I’ (Fondazione Lombardia per 
l’Ambiente 2015), adopting the adequate survey method 
for each target species and adapting the methodology to 
the two survey scales.

Natura 2000 site survey scale
At the site scale, the presence/absence of Lesser-spotted 
and Black Woodpecker was assessed by means of linear 
transects carried out along existing pathways: within 
each wetland, an observer walked at a slow pace along 
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the transect in early morning in March–April, when 
woodpeckers’ territorial activity peaks (Cramp and Sim-
mons 1998). The presence/absence of Marsh Harrier, 
Purple Heron, Night Heron, Black Kite and Honey Buz-
zard was assessed by means of morning observation ses-
sions (duration: 2–4  h according to site characteristics), 
starting 1  h after sunrise, in May–June. Whenever pos-
sible, vantage points allowing a comprehensive view of 
the wetland were chosen for these observational sessions. 
Wood patches of the studied areas are often of limited 
extent, which makes easier—compared to other environ-
mental contexts—to assess the occurrence of breeding 
tree-nesting raptors. Furthermore, to assess the occur-
rence as breeding species of Black Kite and Honey Buz-
zard, we also collected anecdotal observations from local 
birders that frequently visited the areas during our survey 
period. The occurrence of breeding Ferruginous Ducks 
was assessed in June, when chicks are still unable to fly, 
by means of observations from shorelines, coupled with 
kayak surveys of reedbed borders. Each site was moni-
tored with the help of 20 × 60 telescopes and 10 × 42 bin-
oculars, at least twice during the period. Opportunistic 
observations of Kingfishers, realized during the previ-
ously described dedicated sessions, were registered from 
March to June for all the surveyed sites and the pres-
ence of the species as a breeder was therefore established 
based on these data. The occurrence of breeding Little 
Bitterns was assessed in May–June, by means of night-
transects (from dusk to the 2–4 following hours) along 
the pathways closest to reedbeds, listening to males’ ter-
ritorial call.

Point count survey scale
At the point count scale, the occurrence of the three war-
blers species and of Water Rail was established by the 
means of point counts realized within 2  h after sunrise 
for warblers and at dusk (from 1 h prior to sunset to 2 h 
after) for Water Rail. Point counts have been reported as 
the most time-efficient way to estimate presence/absence 
and population density in elusive species (Sutherland 
et  al. 2004). Census based on listening is the common 
method used to estimate presence/absence and abun-
dance for reedbed-dwelling warbler species (i.e. Mortel-
liti et al. 2012; Sozio et al. 2012; Ceresa et al. 2016) and 
proved to be effective for rallids too (Polak 2005; Bram-
billa and Jenkins 2009; Jedlikowski et  al. 2014). In the 
point counts aimed to detect water rail presence, we 
broadcast a registered call (1-min length) to stimulate 
a possible territorial response (e.g. Brambilla and Jen-
kins 2009), followed by 3 min of listening, again a 1-min 
stimulation and 3 further minutes of listening, for a total 
length of 8  min. Increasing the duration of a listening 
point from the standard 5 min up to 8 should significantly 

enhance the detectability of elusive species, especially in 
censuses that are not maintained over consecutive years 
(Leu et al. 2017). The trace used for playback stimulation 
was built using the sounds records by Schultze and Din-
gler (2007). Point counts targeted at warblers were cen-
sused with no acoustic stimulation and lasted for 5 min. 
Point counts for Water Rail were surveyed in the period 
24 March–20 April, when the territorial activity of the 
species is at its peak in northern Italy (Brambilla and 
Rubolini 2004). Point counts focused on warblers were 
instead surveyed in the period 20 April–10 June, with 
two repetitions separated by at least 10 days.

Statistical analyses
We investigated the relationships between habitat vari-
ables (either collected at study site scale or at point count 
scale) and the probability of species occurrence by means 
of multivariate adaptive regression splines (MARS mod-
els). MARS is a non-parametric, machine-learning tech-
nique (Friedman 1991; Hastie et al. 2009) that well suits 
to investigate non-linear relationships between habi-
tat features and occurrence (Elith and Leathwick 2007). 
Due to its effectiveness and flexibility, the use of MARS 
models is growing, and it has been recently applied in 
several studies based on survey data, analogous to those 
collected in the current study (e.g. Heinanen and von 
Numers 2009; Brambilla and Gobbi 2014; Brambilla 
and Pedrini 2016; Assandri et  al. 2017). MARS models 
allow for multi-response tests, thus giving the opportu-
nity to explore which factors have the main importance 
in determining species occurrence over an entire set of 
species, which are analysed at once. This MARS feature 
is particularly interesting for our set of data since some of 
our target species occurred at low frequency, and multi-
response models have been shown to outperform single-
species models for scarce taxa (Elith and Leathwick 2007; 
Brambilla and Gobbi 2014; Assandri et al. 2017). The core 
result of the final multi-response model is, therefore, the 
selection of a set of habitat variables that are likely impor-
tant for all the species; at the same time, multi-response 
models individually describe the effect of each habitat 
variable on the occurrence probability of each species.

We fitted MARS models with the earth package, ver-
sion 3.2-1 (http://cran.rproj ect. org/web/packages/earth/
index.html), in R 3.1.2 (R Development Core Team 2018), 
using a binomial distribution of the response variable 
(Milborrow 2011a). We used the following settings for 
model selection: threshold = 0.01, penalty = 3. In all the 
cases, we tested models both allowing for the possibility 
of interaction between two variables (two-way interac-
tion) and excluding the possibility of variable interaction 
(additive model; degree of interactions = 1, no interac-
tion allowed among variables). We evaluated the variable 

http://cran.rproject
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importance by means of the evimp command (Milbor-
row 2011a; Brambilla et al. 2013; Jedlikowski et al. 2014). 
The evimp estimates variable importance in MARS mod-
els reporting (1) the number of models in which, after 
the pruning pass, is included a given variable; (2) the 
change in the residual sum of squares (RSS), scaled to 
100, among each subset and the previous one thus indi-
cating the change in the proportion of not-explained 
variance among the two models; (3) the generalized 
cross validation (GCV) of each model, which consid-
ers the change in the GCV once the reference variable is 
entered or removed from the model. GCV is calculated 
using the penalty argument and scaled to 100 (Milbor-
row 2011a). The plotmo package version 1.3-1 (http://
cran.r-proje ct.org/web/packa ges/plotm o/index .html) 
was used to plot the fitted functions (Milborrow 2011b). 
Results obtained with machine-learning methods are 
robust to collinearity in the set of the predictors (Garg 
and Tai 2013), but we applied a conservative approach 
and checked by means of VIF (variance inflation factor) 
that the set of the habitat variables presented a small 
degree of autocorrelation (VIF < 3; Salmerón Gómez et al. 
2016). At this step, we found collinearity in both set of 
predictors and we therefore excluded the extent of mead-
ows and those of transitional shrubland areas from fur-
ther analyses at the site-level scale (max VIF value after 
exclusion: 2.01), and the extent of tree cover from the 
predictors used in the analyses at the point count scale 
(max VIF value after exclusion: 2.08). Based on these pre-
dictor sets, we run two multi-response MARS models, 
one to explore the habitat variables predicting the prob-
ability of occurrence of the target species at the site level, 

and a second one exploring the analogous relation at the 
point count level. For the point count scale, we also run 
single-species MARS models to compare their perfor-
mance with those of multi-response ones. We did not run 
single-species models for data collected at the site level, 
since the sample size was considered to be too reduced to 
have reliable results, as some preliminary tests confirmed 
(details not shown).

Graphically, the output of MARS models is presented 
in form of plots representing with a spline the non-lin-
ear function linking the extension of a given habitat type 
and the occurrence probability of a given taxon. In most 
cases, these functions have a threshold point: above or 
below this value the spline flattens, thus indicating that 
further increases (or decreases) in habitat extension has 
no longer effects on occurrence probability. The exact 
values of this threshold point, if present, are indicated 
in the output generated with the summary function of 
the MARS models, and we took it as a threshold also for 
practical management recommendations.

Results
Factors determining species occurrence at the Natura 2000 
sites scale
The multi-response MARS procedure selected a sin-
gle predictor, the extension of ‘reedbeds/mires’ as posi-
tively affecting occurrence probability of the set of 
species considered at the scale of Natura 2000 wetlands 
sites (Table 1, Fig. 2). The threshold point in the MARS 
multi-response models was found at 23.00  ha for ‘reed-
beds/mires’: sites containing less than 23 ha of this habi-
tat types had almost null probability of occurrence for 

Table 1 Results of  MARS models exploring which habitat types predict the  occurrence probability of  species 
of conservation interest at the Natura 2000 sites scale (n = 21)

The results of both multi-response and species-specific models are presented. No. of subsets: number of models generated by the pruning pass, which include a given 
variable; GCV: generalized cross-validation; RSS: decrease in the residual sum-of-square; R2: model’s R square. Sites of occurrence: number of sites in which the species 
was detected, out of 21 total surveyed sites

Type of model Species Selected variables No. of subsets GCV RSS R2 Sites of occurrence 
(total no. 
of sites = 21)

Multiresponse Reedbeds/mires 1 100 100

Marsh Harrier 0.50 4

Purple Heron 0.57 3

Ferrouginous Duck 0.08 4

Kingfisher 0.15 14

Night Heron 0.49 3

Little Bittern 0.08 14

Black Kite 0.20 11

Honey Buzzard 0.15 4

Lesser-spotted Woodpecker 0.02 8

Black Woodpecker 0.03 4

http://cran.r-project.org/web/packages/plotmo/index.html
http://cran.r-project.org/web/packages/plotmo/index.html
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3 species (Purple Heron, Marsh Harrier, Night Heron), 
very scarce (< 0.2) for Ferruginous Duck, Honey Buzzard 
and Black Woodpecker and scarce (0.2 < p < 0.6) for the 
remnant species. Only in correspondence of very wide 
‘reedbeds/mires’ (~ 150 ha) extent, the occurrence prob-
ability for most species reached very high values (> 0.9), 
with the exception of the two woodpeckers. For the latter, 
occurrence probability remained lower than 0.6 even for 
extent above 250 ha (Fig. 2). 

Factors determining species occurrence at point‑counts 
scale
Multi-response models retained reedbed extent and 
extent of ‘open shallow water’ as the two variables 
explaining the occurrence probability in the four target 
species (Table  2, Fig.  3). For all species, reedbed cover 
within the 100 m-buffer had a positive effect; the extent 
of open water also had a positive effect for all species 
apart Water Rail, which was less frequently observed 
with increasing size of the open water patches. The 
threshold point in the MARS multi-response models was 
established at 0.94 ha for open shallow water and at 1.73 
for reedbed extent. In both cases, above the thresholds 
values the probability of occurrence reached a plateau 
(Fig. 3).

The single-species MARS models retained the ‘reed-
bed’ and the ‘open water’ predictors respectively in three 
and one cases (Table  2) but selected also other predic-
tors. The presence of Magnocaricetum patches and the 
permanent flooding of the reedbed positively predict the 
occurrence of Great Reed Warbler, which was also nega-
tively affected by the occurrence of bushes within the 
100  m-buffer (Table  2). Marsh Warbler occurrence was 
still associated with reedbed extent, but also with bare 
terrain patches and other types of vegetation, although 
the two latter predictors had lower importance according 
to the relative GCV and RSS values (Table 2). No inter-
action term was retained by the selection process nor in 
single or multiple response models.

Discussion
Our findings confirm the efficiency of multi-response 
models in analysing the habitat features driving occur-
rence in a set of species including scarcely represented 
taxa in terms of prevalence or number of occurrences 
(Leathwick et al. 2006; Heinanen and von Numers 2009; 
Brambilla and Gobbi 2014; Brambilla and Pedrini 2016; 
Assandri et al. 2017). Furthermore, we found that multi-
species modelling is well-suited to analyse occurrence 
dataset collected during a single breeding season, which 

Fig. 2 Results of the MARS models run at the site scale. Graphical 
representation of the relationship modelled by means of multivariate 
adaptive regression splines (MARS), linking the occurrence probability 
of 10 species of conservation interest and to the extent (in ha) of the 
habitat ‘reedbeds/mires’ in 21 Natura 2000 wetlands of northern Italy. 
The graphs show the species-specific relationships as resulting from 
the multi-species model (see Table 1 and text for details). Dotted 
lines in the lower boxes indicate the position of the threshold value 
(unique for all the species) identified by MARS procedure. a Marsh 
Harrier; b Purple Heron; c Ferruginous Duck; d Kingfisher; e Night 
Heron; f Little Bittern; g Black Kite; h Honey Buzzard; i Lesser-spotted 
Woodpecker; j Black Woodpecker
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is the time-range commonly covered by survey programs 
funded as preliminary actions in conservation projects 
targeted at Natura 2000 management. Overall, our results 
suggest to rely on multi-species MARS modelling when 
analysing the habitat preference of a guild of species 
occupying the same environment, especially in presence 
of unevenly distributed taxa and based on a single-season 
dataset.

We are aware that establishing the Natura 2000 sites as 
sampling units to survey the occurrence of a set of spe-
cies may have a limited biological meaning, since species 
might occur in the proximity of the protected sites in 
analogous habitats. However, the programs that give 
financial support to surveys and management (as in the 
case of the EU ‘LIFE’ projects) are generally structured to 
support actions in areas included in the Natura 2000 net-
work, so testing whether data collected using this crite-
rion can generate practical management indications is 
particularly interesting for management authorities. In 
addition, several Natura 2000 wetland sites in our study 
region are rather isolated from similar environments, 
being surrounded by heavily anthropized landscapes. The 
positive effect of the extent of reedbed/mires on occur-
rence probability in all the studied species, and over both 
spatial scale, may appear surprising, since some of the 
considered species do not use at all this type of environ-
ment (i.e. woodpeckers). However, the local occurrence 
of wide spots of reedbed implies the co-existence of a 

series of transitional habitats (i.e. from semi-urbanized 
areas to woodlands to wide reedbeds), which probably 
provide suitable habitats fulfilling the ecological require-
ments of the broad set of species we considered, from the 
most demanding and conservation-dependent ones, to 
the commonest wetland bird species. It should be noted 
that, while the category ‘reedbed’ in the analysis at the 
point count scale was strictly limited to pure P. australis 
beds, the reedbed/mires category used at the site scale 
was broader and included other types of habitats, com-
monly bordering the Phragmites patches, as isolated big 
trees (typically Salix alba in the study area) or small bush 
patches of Salix cinerea or A. glutinosa. Nevertheless, the 
fact that the relevance of ‘reedbed’ habitat overwhelmed 
those of other habitat categories in predicting the proba-
bility of occurrence is a result with relevant conservation 
implications. Indeed, stands of P. australis are not 
included in the EU list of ‘natural habitat types of com-
munity interest whose conservation requires the designa-
tion of Special Areas of Conservation’ (i.e. the Annex I, 
Habitat Directive 92/43/CEE). The rationale behind the 
apparently surprising decision of the EU commission to 
not consider this type of reedbed as of conservation 
interest is well comprehensible for at least two reasons: 
(1) stands of P. australis are very common in some areas 
of Europe (i.e. Northern Europe in particular, whereas 
they are scarcer in Mediterranean countries) and forcing 
member states to establish SCIs/SACs areas for each 

Table 2 Results of  MARS models exploring which habitat types predict the  occurrence probability of  reedbed species 
at the point count scale (n = 75)

The results of both multi-response and species-specific models are presented. No. of subsets: number of models generated by the pruning pass, which include a given 
variable; GCV: generalized cross-validation; RSS: decrease in the residual sum-of-square; R2: model’s R square. Points of occurrence: number of points in which the 
species was detected, out of the 75 total points surveyed in the study

Type of model Species Selected variables No. of subsets GCV RSS R2 Points of occurrence 
(total no. 
of points = 75)

Multiresponse Reedbed 2 100 100

Open water 1 35.4 56.8

Water Rail 0.1 32

Great Reed Warbler 0.1 51

Eurasian Reed Warbler 0.3 51

Marsh Warbler 0.2 25

Specific Water Rail Reedbed 1 100 100 0.1 32

Specific Great Reed Warbler Bushes 2 100 100 0.2 51

Magnocarex 1 40.2 55.6

Flooding status of the reedbed 1 40.2 55.6

Specific Eurasian Reed Warbler Reedbed 2 100 100 0.3 51

Open water 1 65 65.5

Specific Marsh Warbler Reedbed 3 100 100 0.3 25

Other types of vegetation 2 37 62.5

Terrain 1 11.5 40.8
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reedbed would not have been feasible; (2) P. australis is a 
plant with high colonization potential (Coops and van 
der Velde 1995; Fér and Hroudová 2009; Sebastián-
González et al. 2012), and sub-specific strains may even 
have invasive behaviour out of their original range (i.e. 
Ward and Jacono 2009), so that generalized protection of 
the sites of occurrence of this species is unjustified. Fur-
thermore, in a conservation perspective, it must be 

noticed that the simple occurrence of a reedbed is not 
enough for bird species to occur, as our own results also 
show. Among others, the extension of the reedbed frag-
ment is commonly accepted as one of the features that 
most determine the suitability of a Phragmites stand for 
birds to reproduce in (e.g. Celada and Bogliani 1993; Bar-
braud et al. 2002; Mortelliti et al. 2012; Jedlikowski  et al. 
2014). In this work we found that, Natura 2000 sites 

Fig. 3 Results of the MARS models run at the point count scale. Graphical representation of the relationships modelled by means of multivariate 
adaptive regression splines (MARS), linking the occurrence probability of 4 common species of wetland habitats and the extent in ha of the 
habitat categories ‘open shallow water’ and ‘reedbed’ in 75 count points. The graphs show the species-specific relationships as resulting from the 
multi-response model (see Table 2 and text for details). Dotted lines in the lower boxes indicate the position of the threshold value (one for each 
predictor but unique across species) identified by MARS procedure. a Water Rail; b Common Reed Warbler; c Marsh Warbler; d Great Reed Warbler
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having less than 23 ha of reedbed/mires extent have very 
low (> 0.4) probability to be suitable for Little Bittern, 
Black Kite, Lesser-Spotted Woodpecker but almost null 
probability to host any of the other surveyed species. 
Above 23  ha, the relation among extension and occur-
rence probability takes considerable different shapes 
among species. Purple Heron, Marsh Harrier and Night 
Heron emerged as highly-demanding species, with high 
occurrence probabilities only in presence of very wide 
(> 150/200  ha) extent of reedbeds/mires. Other species 
maintain relatively low (< 0.6) occurrence probabilities 
even in presence of wide reedbeds/mires, suggesting that 
the extent of the reedbed/mire is probably only a concur-
rent factor in determining the occurrence (i.e. Ferrugi-
nous Duck) or that the occurrence of the species in this 
habitat type is marginal (i.e. woodpeckers). Eventually, 
the last group of species is composed by locally abundant 
species, whose occurrence probabilities strongly increase 
above the 23  ha (Little Bittern, Kingfisher, Honey Buz-
zard, Black Kite). While in the analyses at the Natura 
2000 site level MARS models identified a ‘bottom’ thresh-
old, multi-species MARS run on point-count data found 
a ‘top’ threshold, which is a value above which the occur-
rence probability no longer increases. Specifically, we 
found that the minimum size to maximize the occurrence 
probability of the four surveyed species is reached at 
reedbed patches of 1.72  ha, interdispersed with 0.74  ha 
open shallow water. Noticeably, 2 ha was also identified 
as the minimum fragment size for Phragmites patches to 
host viable populations of moths (Tscharntke 1992), and 
potentially of other preys of marshland birds. Indeed, the 
size of the Phragmites fragments is the main determinant 
of occurrence probability of marshland birds (Celada and 
Bogliani 1993). We stress that the simple-size evaluation 
does not control for the shape of the fragments. It has 
been described that the perimeter/area relation (i.e. a cue 
of the shape of the fragments) also contributes to deter-
mining the efficiency of a wetland in terms of ecosystem 
services (Tscharntke 1992; Van Meter and Basu 2015), 
even when taking into account the fact that landscape 
context may also concur in the suitability of Phragmites 
patches for breeding birds (Sozio et al. 2012). Addition-
ally, the maintenance of ecotonal features in the reedbed 
patches has been described as a further aspect to be con-
sidered in management. As an example, a very fine-scaled 
study on Great Reed Warbler in Serbia, found that main-
taining different water depth in the reedbed differently 
affected the survival probability of juveniles, males and 
females respectively (Méro et al. 2018). In the same study 
site, it has been observed that biggest, putatively domi-
nant, Great Reed Warblers preferentially establish breed-
ing territory in unmanaged (but flooded) portions of the 

reedbed, while smaller individuals mainly occupy por-
tions of the reedbed in which winter harvesting and 
burning are practised (Méro et  al. 2017). The mainte-
nance of a range of different micro-habitats within a 
reedbed (i.e. portions of mature dense reedbed alternated 
to spots of early-successional sparse reedbed) is proposed 
as the best solution to preserve wetlands specialist avi-
fauna by different authors (i.e. Barbraud et  al. 2002; 
Beemster et  al. 2010; Méro et  al. 2018). To achieve the 
goals of maintaining a variety of micro-habitat within a 
reedbed, the management should be oriented to perform 
different practices (i.e. winter harvesting, controlled 
burns, non-intervention periods of established length) on 
different sectors of the reedbed (Russo 2008; Gray et al. 
2013; Meli et al. 2014). This type of management proba-
bly has the greatest chance to optimize the functionality 
of the reedbed for a wide variety of avifauna (i.e. Poulin 
and Lefebvre 2002) as well as to favour in general both 
animal (Meli et  al. 2014) and plant (Sebastián-González 
et al. 2012) biodiversity. Independently on the harvesting 
practices focused on P. australis, it is generally assumed, 
and further stressed by our results, that the flooding con-
ditions of the reedbed are determinant of their suitability 
for birds (i.e. Mortelliti et  al. 2012; Jedlikowski et  al. 
2016). As an example, a recent Italian study shows how 
the 10-years decline of a coastal marshland population of 
Reed Warbler was associated to the progressive reduc-
tion in the flooded portion of the studied reedbeds (Pollo 
et  al. 2018). Analogously, the Reed Warbler suspended 
reproduction in a wide inland wetland of central Spain as 
a consequence of a three-years drought and only recov-
ered the initial population size four years after the resto-
ration of the original water level(Jiménez et al. 2018).

These findings claim for the incorporation of a carefully 
reasoned management of reedbeds within the manage-
ment plans of all the ‘Natura 2000’ sites encompassing 
inland wetlands. These measures should be especially 
aimed at maintaining permanently flooded the wid-
est possible proportion of the reedbed, and possibly at 
preserving the variety of micro-habitat within the prin-
cipal reedbed patches (Jedlikowski et al. 2016). Unfortu-
nately, since P. australis reedbeds are excluded from the 
list of the ‘habitats of priority conservation concern’ (see 
above), management plans of Natura 2000 sites are not 
forced to implement measures aimed at its conservation. 
However, the faunistic importance of reedbeds (when in 
a good conservation status) should be highlighted: reed-
beds offer equal or even higher availability of suitable 
habitat for many animal species than the priority habi-
tats that normally occur in inland wetlands of our study 
area (e.g. Alnus glutionsa forests), and thus they should 
deserve the right attention in management plans.
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Conclusions
Our results support the use of multi-species MARS mod-
elling as a tool to analyse factors affecting occurrence in a 
set of species sharing a common environment but show-
ing a wide range of prevalence among sites. Our findings 
indicate that, to preserve suitable habitat for the most 
exigent wetland species, it is recommended to maintain 
wetlands with wide extension (> 150 ha) of flooded tran-
sitional wetland habitats (as the ‘reedbed/mires’ can be 
considered). These indications should be considered by 
managers of Natura 2000 sites, and especially of largest 
sites, where preserving a sufficient overall extension of 
this habitat type within each site should be regarded as 
a conservation priority. At a finer scale, the maintenance 
of patches of reedbeds of at least 2 ha of extension, inter-
spersed with patches of open water, would ensure the 
most suitable conditions for representative wetland bird 
species. Above all, the flooding status of the reedbeds 
acts as a key factor for birds breeding in the wetlands of 
the pre-Alpine belt. Future conservation actions should 
be targeted at a landscape instead of an individual-
wetland perspective (i.e. Whited et  al. 2000; Van Meter 
and Basu 2015) and would pay most of the attention in 
maintaining wide extent of flooded reedbeds in the ‘wet-
landscapes’ (sensu Thorslund et al. 2017) of this biogeo-
graphical region.
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