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Abstract

Among the many forest-dwelling invertebrates, saproxylic species play a key role in decomposition and nutrient cycling.
Several saproxylic insects are threatened with extinction and depend on strict microhabitat features. Hoverflies play a key
role in pollination and can be used as bioindicators of habitat conditions. Mallota fuciformis is a rarely observed saproxylic
hoverfly internationally recognised as a species of conservation interest. We sampled Mallota fuciformis in oak-hornbeam
stands and alluvial woodland with a standardised observation protocol of adults on flowering Prunus trees. This new
sampling method proved to be efficient and non-invasive, eliminating the need to collect specimens of this rare species.
Overall, 48 out of 86 sites investigated were found to be positive for the presence of the species, significantly increasing
knowledge about its distribution in the region. We tested several environmental predictors to explain M. fuciformis detec-
tion, but only three were significant for the model: the presence of overmature Quercus trees, the presence of alluvial
plants and the current size of the forest. Other predictors considered as proxies of landscape and past condition of the
woodland showed no effect. These data confirmed the importance of the quality of forest woods (mainly the presence of
large oak trees that ensure larvae development) to allow the presence of this saproxylic species.

Implications for insect conservation

In the present study, we investigate the distribution and habitat requirements of M. fuciformis in order to find forest fea-
tures that could be beneficial also for other, more threatened saproxylic species. This research underlines the importance
of veteran trees and their microhabitats in the conservation of saproxylic species of hoverflies. We also provide an effec-
tive ad hoc protocol to monitor the target hoverfly species, which can be implemented in the assessment of rare species.
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Introduction

Due to their complexity, forests harbour a rich fauna of for-
est-specialists, i.e., species with a distribution restricted to
forest habitat and associated with the presence of specific
woodland characteristics such as deadwood, tree canopy or
bracket fungi (Ozanne et al. 2003; Radu 2006; Miiller and
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Biitler 2010). Saproxylic species (species that are dependent
on the decay of wood or on the products of that decay, pres-
ent in both dead and living trees, according to Speight 1989
and Alexander 2010) are highly sensitive to forest condi-
tions: disturbances can lead to the local disappearance of
many species (Lachat and Miiller 2018). Forests are fragile
ecosystems strongly endangered by human activity both at
the local (e.g. deforestation for agricultural or urban uses,
wood harvesting, wildfires) and global (e.g. pollution,
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climate change) level (Asner et al. 2008; Seidl et al. 2017;).
Therefore, the conservation of saproxylic fauna has been
highlighted as of primary importance in both tropical and
temperate forests (Ulyshen and Sobotnik 2018).

Hoverflies (Diptera: Syrphidae) include several sap-
roxylic species with different ecological requirements
(Rotheray and Gilbert 2011; Radenkovic et al. 2013; Speight
2020; Maritano 2023). Some saproxylic species have been
included in the IUCN Red List of Syrphidae as Endangered
due to their reduced distribution and/or highly demanding
ecological requirements (Vuij¢ et al. 2022). Other species
are less selective regarding their ecological demands but
are still associated with overmature trees and, consequently,
they are present only in specific habitats. This is the case
of Mallota fuciformis (Fabricius, 1794), a saproxylic hov-
erfly found in deciduous forests with overmature trees: the
preferred habitats of the species are represented by Fagus/
Quercus forests, Quercus/Carpinus/Ulmus riparian forests
and thermophilous Quercus forests with Populus/Salix
along rivers or in wet areas (Speight 2020). The immature
stages are not described, but they probably develop in basal
rot-holes containing wet humus or in the rain-fed temporary
water bodies of overmature/senescent trees (Speight 2020).
Even if included in the Least Concern category in the last
TUCN assessment (Vuji¢ et al. 2022), this species is present
only in well preserved forests and, for this reason, Speight
(1989) lists M. fuciformis as among the species useful in
identifying forests of international importance for nature
conservation in Europe. Unlike other, more threatened spe-
cies, M. fuciformis has a widespread distribution in Central
and South Europe, but it may be rare or locally extinct in
highly anthropised areas: it is regarded as Vulnerable in
Germany (Ssymank et al. 2011) and the Czech Republic
(Mazanek and Bartak 2005), and Endangered in Poland
(Zéralski et al. 2022) while in Italy was listed as probably
threatened (Burgio et al. 2015). In the present study, we
investigate the distribution and habitat requirements of M.
fuciformis as proxies of forest features beneficial also for
other, more threatened saproxylic species.

The main objective of the present research was to evalu-
ate forest characteristics both at local and landscape levels
that are necessary to support M. fuciformis. To detect the
target species a new, non invasive, sampling method was
developed for the first time, involving non specialists of
hoverflies in a citizen science approach.
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Materials and methods
Survey area

The present research has been developed in the western sec-
tion of Po Plain (Piedmont region, Italy). The Po Plain cor-
responds to one of the seven Italian ecoregions (Blasi et al.
2014). With an area of 46,000 km?, this is the largest alluvial
plain in Italy (Pellegrini 1979). This area was largely cov-
ered by forests, but it has been exploited by humans since
the Bronze Age (Schneider 1985; Marchetti 2002). Falcucci
et al. (2007) reported that more than 70% of the plain sur-
face is covered by urban or agricultural areas, while for-
ests are less than 10% of the total surface and unimproved
grassland less than 5%. Even if the Po Plain accounts for
15% of the total land area of Italy, its inhabitants comprise
one-third of Italy’s population, with a density of more than
400 people/km? (ISTAT 2021). In this landscape context,
natural areas are inevitably reduced to small, highly frag-
mented areas. For example, less than 70 natural forest frag-
ments still remain, with only 11 of them larger than 200 ha
(Bracco and Marchiori 2001). In Po Plain, Sabatini et al.
(2018) reported the presence of only one primary forest,
defined as a “naturally regenerated forest of native tree spe-
cies, where there are no clearly visible indications of human
activities, and the ecological processes are not significantly
disturbed.” (FAO 2015: 8). Here we consider as natural or
old-growth forests those managed and unmanaged woods
that, according to Peterken (1996), have remained for a long
time (at least 200 years).

The main habitats investigated are oak-hornbeam stands
and alluvial forests with oaks along lowland streams which
are the forest habitats most suitable for Mallota fuciformis
(Speight 2020). We selected sites from lowland up to 800 m
a.s.l., beyond which there are no woods of oak-hornbeam or
alluvial forests in Piedmont (IPLA 2008). The investigated
woodlands were chosen from the Forest Chart (IPLA 2008)
by selecting oak type vegetation and starting from the wid-
est and most uniform areas up to the smaller ones. In areas
where there were many separated small forests, with dis-
tances between edges of less than 500 m (which we assume
would be avoided by the species), a single point was chosen
to represent the entire metapopulation. In these cases, the
sampling points where chosen in order to maximize the dis-
tance from other sampling woods.

Sampling protocol

Mallota fuciformis has a very short flight period; Speight
(2020) recorded a flight period from mid-March to mid-
May for all of Europe. However, according to our experi-
ence and preliminary sampling made in 2019-20, the flight
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period of M. fuciformis in northern Italy is shortened, start-
ing approximately from mid-March and ending at the begin-
ning of April. Due to this short flight period, we decided to
monitor each selected site only once in 2021 or 2022, in
order to increase the number of sites visited, and to resample
in 2023 some of the sites where the species was previously
not detected.

There are many different sampling techniques proposed
in the literature that can be used to detect insects in natu-
ral ecosystems: Malaise traps, pan traps and entomological
net transects are commonly used for sampling hoverflies
(Campbell and Hanula 2007; Burgio et al. 2015; Maritano
2021; Sommaggio et al. 2022). However, for species-spe-
cific monitoring, the development of ad hoc protocols that
maximise the expected results is advisable. In this way, it
is possible to save time and money while simultaneously
reducing the amount of unnecessary material collected
(Fischer and Larson 2019).

In order to develop a standardised method for the detec-
tion of M. fuciformis in forest ecosystems, we proceeded
as follows: we carried out 120-minute point observations
in front of full-flowering Prunus plants. Observations were
carried out by sight or with the aid of binoculars in the case
of tall trees or plants that were not easily reachable. The
observations were carried out between 10 a.m. and 5 p.m.
on sunny, windless days from the 15th to the 31st of March
(with one occasional sighting that occurred on March 4th).
Each point is independent and set inside or in the ecotone of
the woodland investigated. As soon as the observer clearly
saw a specimen of M. fuciformis the session ended, and the
species was considered as detected for that forest. We con-
sidered a single specimen as a proxy of the presence of suffi-
cient environmental conditions able to support a population
of Mallota fuciformis. This was possible since no other
forests were present in close proximity to the observation
points either because they are isolated remnants or because
the monitoring points were located directly inside the for-
ested complex investigated. Conversely, if no sightings had
been made during the two hours, the site was considered
negative and Mallota fuciformis as undetected. Since nega-
tive sites can include both those where the species is truly
absent and those with the species present but not detected
(MacKenzie et al. 2006), a sample of the negative sites was
revisited the following year confirming in all cases the spe-
cies as undetected. For this reason, we consider Mallota
fuciformis as potentially absent in the undetected sites.

To increase the number of forests with the presence of
Mallota fuciformis and also to obtain data for habitat selec-
tion analysis, we searched for recent Mallota fuciformis
observations uploaded on the citizen science platform iNat-
uralist. Two records were found and confirmed by photos:
both were in the surrounding of Turin in new patches of

forest very close to urban areas that had not been investi-
gated previously. These two data points from iNaturalist
were included in the data set only to update the species dis-
tribution and for assessing habitat selection but not for the
detection time data.

Mallota fuciformis identification

Mallota fuciformis is readily distinguished from other hover-
flies by macroscopic features that are easily observable even
with the naked eye (e.g., body-hair colour, general morphol-
ogy). It may be confused with some bumblebee-like species
of the genera Volucella, Criorhina, Eriozona, Matsumyia or
Sericomyia, but fortunately only a few of these fly in March,
so misidentifications are very improbable. The species most
likely to confuse an inexperienced eye is Criorhina ranun-
culi (Panzer, 1804). In fact, C. ranunculi can show different
morphotypes (Speight et al. 2020), one of which has red-
dish hairs at the end of the abdomen, somewhat similar to
those of M. fuciformis. For this reason, in case of doubt, it
is recommended to observe the facial profile, which in C.
ranunculi is very protruding and has whitish stripes (Fig. 1).
Furthermore, in contrast to the target species, in C. ranun-
culi the hind femora of males are thickened. Finally in M.
fuciformis the wings are separated on the abdomen when the
specimen is at rest, while in C. ranunculi, as in most other
hoverflies, the wings, when at rest, usually overlap on each
over. Mallota fuciformis is therefore an easily recognisable
species in the field even without capture.

The observers involved in this monitoring are special-
ized entomologists and students in the last year of the mas-
ter’s degree in environmental biology with a common entry
level in entomology. Specifically for this survey one of
the authors (UM) held a short training consisting of 3 h of
theory on target species and the examination of preserved
specimens. Furthermore, each trainer was asked to collect
the first specimen of Mallota fuciformis seen on the field
with a net in order to be sure of the correct implementation
of the training.

Forest properties

For each site visited, the following characteristics were
recorded (Online Resource 1; Tab. S1):

Current forest properties
We considered the following features:
e Presence of overmature Quercus trees: the presence of

at least one oak tree with a trunk diameter larger than
65 cm was considered as a proxy of overmature Quercus
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Fig. 1 Comparison of the facial profile and abdomen colour pattern of Mallota fuciformis (a, d), Criorhina ranunculi whitish form (b, e) and Crio-
rhina ranunculi reddish form (¢, f). Specimens were collected by the authors in the year 2019 and kindly photographed by Elia Nalini

tree presence, in accordance with literature which con-
sider diameters at breast height (DBH)> 60 cm, as im-
portant ecological features of old-growth forests (Wu et
al. 2020).

e Presence of alluvial vegetation: we considered the pres-
ence of at least one small group of four single plants
among these species: Alnus spp., Fraxinus spp., Populus
spp., Salix spp. as an indicator of wet conditions and
possible additional microhabitats suitable for the spe-
cies. We have not considered the size of alluvial plants
because some species can present interesting microhabi-
tats for saproxylic hoverfly species even at a relatively
young age (e.g., ash and willow) (van Steenis 2023).

e Size of the forest: to do this, the current orthophoto chart
from Google Earth was uploaded to QGIS and the area
was calculated by adapting the perimeter of the wooded
body as previously indicated by the IPLA forest map up-
date 2016 (IPLA 2008).

e Elevation: corresponds to each observation point eleva-
tion (m a.s.L.).

e Forest management: we considered four forest man-
agement groups: (A) newly formed forest, (B) mixed
government forest, (C) coppice and (D) high forest as
indicated in the IPLA Forest Chart (2016 edition). We
calculated the percentages of the four management types
present in a 2 km buffer around the observation point.

@ Springer

Past forest condition

To evaluate the possible effect of forest history on the pres-
ence or absence of Mallota fuciformis, we considered the
size of the forests in the recent (year 2000, data obtained
through the regional forestry information system SIFOR
2023) and distant (year 1936, Ferretti et al. 2018) past.

Landscape effect

Using QGIS (3.16.4-Hannover version), we calculated the
percentage of urban, forest, and agricultural areas in a 2 km
buffer around the observation points based on the Corine
Land Cover 2018 shapefile. We also measured the distance
of the observation points from rivers and other wet areas
thanks to open access data available on the Geoportale
Piemonte (see supplementary material).

Data analysis

All analyses were performed using R version 4.2.2 (R Core
Team 2019). A Wilcoxon rank sum test was applied in order
to detect differences between morning (10:00 a.m. — 1:30
p-m.) and afternoon sampling (1:30 p.m. — 5:00 p.m.).

We tested for spatial autocorrelation among the observa-
tion points through a Join-Count test. Join-Count tests assess
whether the occurrence of a categorical attribute (e.g., spe-
cies detection/undetection) is influenced by the position in
space of the different sampling locations.

To perform the test, we transformed each observation
point into a spatial object in the R environment thanks to
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the ‘sf” (Pebesma and Bivand 2023) and ‘sp’ (Pebesma and
Bivand 2005) packages. Using the ‘spdep’ package (Bivand
2022), we defined each point neighbour as the observation
point closest to it among all the others. We then carried out
the Join-Count test and determined its statistical signifi-
cance through 1000 Monte Carlo permutations of the data.

Pairwise Spearman’s rank correlation coefficients were
calculated in order to estimate collinearity between inde-
pendent variables (predictors). If the value of the correla-
tion coefficient (|r|) was higher than 0.7, the two variables
were considered correlated and therefore they were not used
at the same time in the subsequent models (Dormann et al.
2013). The Spearman’s coefficients were plotted using the
‘corrplot’ package.

To evaluate the effect of predictors on Mallota fuciformis
detection, we applied a Generalised Linear Model (GLM)
with a binomial distribution and logit link function (pack-
age ‘lmed’). Mallota fuciformis detection was included as
a dependent variable; variables listed in Resource online 1
Fig. S1 were included as predictors (independent variables).
We followed a forward stepwise approach to select the best
model for explaining Mallota fuciformis detection (James
et al. 2014; Bruce and Bruce 2017). First, we fit the null
model without any independent variable. Subsequently,
each potential predictor was added to the model individu-
ally; we selected each model that produced a lower AIC
value compared to the null model and which had a signifi-
cant difference at a chi square test. For each selected model
with one independent variable, we added a second potential,
not collinear, predictor evaluating the new model as before.
For each selected model we added a new variable until no

Fig.2 Map of the Piedmont
region showing all the 86 points
investigated through the monitor-
ing method under discussion

model had a significant reduction in AIC and no significant
difference was detected in a chi square test.

Results

Overall, 86 sites (see Supplementary material File Excel)
were inspected by five observers (including the authors UM
and LB), specifically trained to recognise Mallota fucifor-
mis (Fig. 1). The species was sighted at 48 sites (Fig. 2).
In the remaining 38 sites, M. ficiformis was considered
undetected and therefore potentially absent. Mallota fuci-
formis was detected as present in two additional sites thanks
to observations uploaded in iNaturalists. Therefore, in the
present research Mallota fuciformis was recorded in fifty
sites in Piedmont (Fig. 3b), while the species was previously
known to occur at only four sites (Fig. 3a).

As shown in Fig. 4a, all sightings occurred within 60 min
of the start of the observations, with only five observations
occurring much later. The mean detection time is 25 min
(see the yellow triangle in the boxplot in Fig. 4a), a very
short time interval for a canopy species. The median falls at
11.5 min, meaning that half of the sightings occurred within
this very short period. Applying a Wilcoxon rank sum test,
we have not observed any significant difference in the detec-
tion time between sites investigated during the morning
(10:00 a.m. — 1:30 p.m.) compared to sites investigated in
the afternoon (1:30 p.m. — 5:00 p.m.) (Fig. 4b).

The sites where M. fuciformis was found to be present are
homogeneously distributed in the studied region (Fig. 2),
with the exception of the mountain areas where samplings

Legend

@ Absence M. fuciformis
@ Presence M. fuciformis
—— Streams
Oak-hornbeam over 100 ha

D Piedmont border
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Fig. 3 This figure compares the (a)
knowledge of the distribution of
Mallota fuciformis in Piedmont Legend

¢ Sites known prior to this study

before (a) and after (b) the moni-
toring carried out for this study.
The number of occurrence sites
for the species has increased from
4 to 50 sites
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Fig. 4 Plots for the visual representation of collected detection time
data. (a) Histogram and boxplot showing the distribution of the total
collected data. In the boxplot, the mean (mean=24.875 min) is indi-

were not carried out due to the absence of suitable habitats.
Nearest-neighbour Join-Count analysis showed no spatial
autocorrelation among the observation points in which the
species was detected (join-count statistic=16, rank=_840,
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cated by the yellow triangle, while the median (median=11.5 min) by
the thick blue line. (b) Boxplots showing the distribution of detection
time data between morning and afternoon observations

p-value=0.16) nor among the observation points in which
the species was not detected (join-count statistic=9.5,
rank=3809.5, p-value=0.19). The findings of the Join-
Count test are supported by the result of the 1000 Monte
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Table 1 Table of the results of GLMs

Predictor AIC (p value) Adjusted R?
Null Model 118.7

Overmature Quercus 100.36 p<0.0001 *** 0.154
Alluvial plants 120.8 p=0.17

Elevation 120.8 p=0.17

Current Size 111.2 p=0.0007 *** 0.063
Percentage of forest 122.34 p=0.57

Percentage of grassland 122.6 p=0.38

Percentage of urban area 122.6 p=0.89

Percentage of humid area 121.4 p=0.27

Management A 122.6 p=0.93

Management B 121.3 p=0.24

Management C 119.8 »=0.09.

Management D 118.5 p=0.04* 0.001
River distance 122.7 p=0091

Distance from a punctiform humid zone 120.2 p=0.12

Distance from a linear humid area 120.5 p=0.14

Distance from a small polygonal humid zone 121.3 p=0.24

Distance from a big polygonal humid zone 121.1 p=022

Size in 1936 122.6 p=0.79

Size in 2000 122.2 p=0.48

Overmature Quercus + Alluvional plants 96 p<0.0001 *** 0.191
Overmature Quercus + Current Size 98.9 p<0.000] *** 0.167
Overmature Quercus + Current Size 4+ Alluvional Plants 94.4 p<0.000] *** 0.204

Mallota presence

Presence of large plants
® None

Allwional

Quercus

Both

Presence

s, 0'.‘.' .. .
‘ .). L
L ]

Size (log10)

Fig. 5 Logistic regression between Mallota fuciformis detection
(0=undetected; 1 =detected) and the dimension of the forest (ha). The
presence of large oak plant is coloured in orange, the presence of allu-
vial plants (4lnus, Fraxinus, Populus or Salix spp.) in sky blue, while
for both presence green and for the absence in black

Carlo permutations of the data (join-count statistic for detec-
tion= 16, rank of observed statistic=853, p-value=0.147;
join-count statistic for no detection=9.5, rank of observed
statistic=803, p-value=0.197).

No correlation between predictors was found, except a
negative correlation between the percentage of grasslands
and woods in the surroundings of the sampling points
(Online Resource 1; Fig. S1). The best model to explain M.
fuciformis detection includes three predictors: the presence
of overmature Quercus trees; the presence of alluvial plants
(Alnus, Populus, Salix, Fraxinus) and the current dimen-
sions of the forest (Table 1; Fig. 5; Online Resource 1; Fig.
S2). The variability explained by the best model is 0.2 using
the adjusted McFadden’s pseudo-R?.

The presence of alluvial plants is not a significant pre-
dictor when considered alone (Table 1) but it increases
the explained variability when included in the best model.
Alluvial plants are present only in 37% of selected woods
so probably this factor is not sufficiently common to be a
significant predictor alone. However, almost half of woods
without Quercus plants have alluvial plants; therefore the
addition of this predictor improved model fitting. The
interaction in the selected best model between Quercus
and alluvial plants is significant (p=0.037). The area with
high quality management (ManD) is a significant predic-
tor when considered alone, but did not improve the model
when added to Quercus presence and/or the size of woods.
The variability explained by ManD, when considered alone,
is very low (pseudo-R2=0.001), so the contribution of this
predictor is very marginal and therefore it does not improve
model fitting.
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Discussion

Hoverflies are an important group of pollinators (Doyle et
al. 2020; Pekas et al. 2020), including several species with
saproxylic larvae: 134 species in the European fauna (Vuji¢
et al. 2022; van Steenis 2023). Few saproxylic species are
easily recognizable and of large enough body size enabling
field recognition and depending on wet decaying material in
microhabitats in old Quercus trees which make them good
candidates to be considered as flag-species: this is the case
for example of Sphiximorpha, Criorhina and Milesia spe-
cies. The protocol presented in the present study is the first
attempt to develop a standard sampling method to detect
the presence of Mallota fuciformis. The protocol proved to
be particularly efficient, enabling us to increase the number
of confirmed sites for M. fuciformis in the Piedmont region
from 4 to 50 sites after only three years of sampling. The
primary strengths of this protocol are:

1) It can easily be applied by non-expert observers fol-
lowing a very short training session. Four students,
who were not experts in hoverfly identification, were
involved in the present project. Their findings were
subsequently checked and confirmed by one of the
authors, confirming the validity of the protocol. More
research is certainly necessary to better define the mini-
mum level of preparation required, but from the results
that emerged from this study, the protocol seems easily
applicable and extendable to citizen science projects.

2) It does not involve the killing of any specimens.

3) It is very efficient, as it allows the target species to be
observed in a short period of time. Even if the tested
protocol provided for 120-minute observation sessions,
M. fuciformis was detected on average after 25 min, and
half of positive detections happened in 11 min.

A potential critique to the proposed protocol is that, in some
cases, saproxylic hoverflies might be present hidden as lar-
vae of different ages (Rotheray and Gilbert 2011) and there-
fore could not be detected following the proposed sampling
protocol. However, we considered it improbable because
available data describe M. fuciformis as univoltine (Spei-
ght 2020); moreover, because of its short flight period in
the region (3—4 weeks), the similarities of the habitats under
study, and the limited extent of the area investigated, it’s
more probable that the individuals became adults around
the same time, as soon as the conditions were favourable.
M. fuciformis was detected in most of the lowland oak-
hornbeam remnants including sites of limited extent, such
as parks of historic royal palaces. It is widespread in meso-
igrophilic forests with Quercus, Salix and Fraxinus even in
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pre-mountain areas, while along rivers it is only found in the
most intact portions of woodland.

The main limitation of this protocol is the need to have
flowering Prunus plants in the target site. However, at least
in Europe, this plant is very common, usually present also
in young woods and, in several cases, it may be present as
isolated trees in grassland habitats (POWO 2023). Another
critical point is the reduced flying period of M. fuciformis
(few weeks in spring): the short temporal window for sam-
pling (2—-3 weeks) can compromise the detection of the spe-
cies especially if climatic conditions are adverse. Also, the
choice of Prunus tree may represent a critical point which
needs to be better studied. It is reasonable to think that the
presence of more flowering plants could reduce the possibil-
ity of detecting specimens of Mallota fuciformis following
a “dilution effect”, also taking into account that it is a rare
species, usually present with few specimens. Moquet et al.
(2018) observed that hoverfly species richness is positively
correlated with floral density, but in this case, research was
focused on all hoverfly species and not on the detection of
rare species such as Mallota. More research is needed in
order to evaluate the effect of Prunus flowering density on
the detection of Mallota or other saproxylic species. Several
characteristics of the Prunus trees (e.g., exposure to sun-
light, status of inflorescence, position relative to the forest,
position relative to other Prunus trees) can potentially influ-
ence the detection of M. fuciformis; therefore, the selection
of the Prunus tree needs to be clearly standardised.

Despite these potential shortcomings, which need to be
better studied, the protocol proved to be effective and easy
to apply. In addition, it can be extended to other species
that are easy to identify and which usually visit flowering
Prunus trees (e.g., Criorhina ranunculi, C. floccosa) or with
minimum modification to species with different phenolo-
gies associated with other plants with massive blooming
(e.g., Callicera species visiting flowering Hedera helix in
fall, Myolepta vara group for Crataegus or Ferdinandea
aurea for Colchicum autumnale). This second point can also
overcome the problem of short sampling period, extending
monitoring also to other seasons in the year.

As a result of the present research, the data records for
M. fuciformis in Piedmont increased from four (Sommaggio
2007; Maritano 2020, 2021) to fifty. Therefore M. fucifor-
mis is much more well distributed, at least in the studied
region, than previously supposed. The previous few records
are due to the elusive nature of this species and probably to
the lack of sampling effort targeted to this species. However,
inside the studied area, M. fuciformis seems to be restricted
to patches of forests with specific characteristics, in particu-
lar the presence of veteran trees with microhabitats suitable
for the development of the larvae. We have no data to evalu-
ate the trend in the population of M. fuciformis over time,
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since the present protocol has not been used previously.
However, the new data can be considered as a baseline to
detect the future trend in the population of this species.
Vuji¢ et al. (2022) included M. fuciformis in the Least Con-
cern category: new data about population trends are how-
ever desiderable for a more precise evaluation of species
with demanding ecological requirements.

Little research to date has focused on the effect of for-
est features as predictors of the distribution of saproxylic
hoverfly species, despite their importance as pollinators.
Reemer (2005) studied the trend of saproxylic Syrphidae
in Netherlands comparing the distribution of species in two
periods (before 1988 and from 1988 to 2002). The percent-
age of species with increased distribution was higher than
those observed in other ecological categories of Syrphidae.
Among the possible explanations for this increase, Reemer
(2005) proposed: (1) the increase in area occupied by for-
ests, (2) the increase in area with large trees and (3) the older
age of forests. It is interesting to note that Mallota fucifor-
mis was one of the few species where a decrease in distribu-
tion was recorded. Fayt et al. (2006) compared hoverflies
and longhorn beetles in 22 Belgian forests and found that
the presence of large oak trees is a key factor for saproxylic
species in both taxa. Additional key factors for saproxylic
hoverflies were the presence of open stands rich in flow-
ers and the higher coverage of deciduous forests in the sur-
rounding landscape.

Our results suggest that for M. fuciformis, a saproxylic
hoverfly associated with tree holes (Speight 2020), the qual-
ity of the forest is more important than the quality of the
landscape. This result is in agreement with Moquet et al.
(2018) who found that landscape composition influenced
aphidophagous but not saprophagous hoverflies and that
their abundance and species richness decreased with dis-
tance to forests. Regarding the predictors which improved
the null model, only the presence of overmature Quercus
trees, the current dimensions of the forest and its man-
agement (in particular, only the presence of Management
D which was the presence of high forest, with no recent
cutting) had a significant effect (Table 1). The best-fitting
model in fact includes the presence of trees suitable for the
development of larvae (in particular trees with a diameter
higher than 60 cm) and the dimensions of the forest. The
only additional variable that had a positive effect on M. fici-
formis presence was forest management, in particular the
one allowing the presence of overmature trees with large
diameter. No landscape parameter in a 2 km radius seemed
to affect the presence of M. fuciformis; also, the past condi-
tion of the forest (evaluated as the size until one century ago)
had no influence on the detection of M. fuciformis. It has
been suggested that insects with higher mobility are usually
more sensitive to predictors at a larger scale and therefore

to landscape conditions than less mobile insects (Steffan-
Dewenter et al. 2002; Chust et al. 2004; Percel et al. 2019).
Despite the fact that M. fuciformis adults, like other hover-
flies, are good flyers, no landscape effect was detected in the
present study. A possible explanation is that M. fuciformis,
thanks to its good mobility, can easily reach isolated forest
patches as long as these possess suitable conditions for the
development of the larvae. Unfortunately, little information
is available about the dispersal of saproxylic insects, and
these are usually limited to pests or flag-species (Feldhaar
and Schauer 2018). No data is available about the move-
ment of M. fuciformis and there is little about other saprox-
ylic hoverflies (Rotheray et al. 2014; Schauer et al. 2018),
despite the ample research on hoverfly migration and the
movement of aphidophagous species in crops (e.g., Inclan et
al. 2016; Wotton et al. 2019; Menz et al. 2019). It is usually
assumed that saproxylic hoverflies have lower mobility than
other hoverflies (Fayt et al. 2006), but no data are available
on this aspect of their biology.

The present data highlight that the expansion of forested
areas on its own is not sufficient to improve the population
of the saproxylic M. fuciformis and probably of many other
species with similar or more restrictive ecological require-
ments. The presence of veteran trees with the microhabitat
necessary for the development of the larvae is a primary
condition for the presence of M. fuciformis. Due to the
length of time necessary for the development of veteran
trees in good condition, especially in the case of Quercus
plants, it is crucially important to preserve existing trees in
such condition.
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