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Abstract

Hoverflies are frequently used as biodiversity indicators and are targets of ecological studies across Europe. How hoverfly
diversity responds to ecological variables is essential for species and habitat conservation. The present study is a first attempt
to assess the hoverfly diversity of deciduous woodlands of Pyrenean oak (Quercus pyrenaica) in La Vera (Central-Western
Spain), a habitat in need of conservation and a region that is poorly known in terms of hoverflies. Hoverflies were sampled
with hand net in a mature-woodland site, a young-woodland site, and two close-by grassland sites. A higher number of spe-
cies and individuals was recorded in woodland sites than in grassland sites, with only two species exclusive to the grasslands
and thus, suggesting that woodland sites might be acting as a hoverfly reservoir and source. The proportion of species with
phytophagous and saprophagous larvae in woodland sites was higher than outside the woodlands, probably due to a higher
availability of resources in woodland sites for phytophagous and saprophagous species. The mature woodland was found to
have a higher number of species and individuals than the young woodland, possibly due to the presence of grassy clearings
and rotting materials in the trees of the mature woodland. The highest number of species was found in the predatory guild
(Syrphinae), and smaller-bodied species within this guild were found to be more frequent in grassland than in woodland
sites; possible explanations for this result are discussed. Further investigation is required to confirm and expand the results
and conclusions found in this initial study on the hoverfly community of the poorly studied Q. pyrenaica woodlands of
Central-Western Spain.
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Introduction

Hoverflies are important bioindicators (Sommaggio 1999;
Monteil 2010; Speight et al. 2010), with over 970 species
present in a wide range of European habitats (Speight 2018).
They participate in pollination, herbivory, predation, decom-
position and other ecosystem processes. Adults feed on
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pollen and nectar of Apiaceae, Asteraceae, Ranunculaceae,
and Rosaceae, among others (Rotheray and Gilbert 2011).
Larvae are trophically diverse (Rotheray 2019) and develop
in different microhabitats (Speight 2018). Phytophagous
larvae feed on underground and aerial parts of live plants
as borers or miners (Stuke 2000; Ricarte et al. 2017). Zoo-
phagous larvae prey on a wide range of insects, both in the
undergrowth and in the aerial parts of plants (Rojo et al.
2003; Reemer 2012). Saprophagous larvae are filter-feeders
of bacteria and/or detritus found in decaying materials both
of animal and vegetal origins (Rotheray 2019); within sap-
rophagous, those larvae depending on dead wood or decay-
ing materials associated with woody parts of trees are sap-
roxylic (Speight 1989; Rotheray et al. 2001).

For using hoverflies as bioindicators of habitat integ-
rity, the hoverfly community composition and the hover-
fly diversity responses to ecological variables are essential
factors to be understood. Mediterranean woodlands have a
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high hoverfly diversity due to the variety of developmen-
tal sites for larvae and flower resources for adults (Ricarte
et al. 2011). In saproxylic communities of ‘dehesas’ (open
woodlands of Quercus), hoverfly species composition is not
affected by tree density neither by scrub cover (Ramirez-
Hernandez et al. 2014). In the Western Mediterranean Basin,
the deciduous woodlands of Pyrenean oak (Quercus pyrena-
ica Willd.) are in need of conservation after a long history of
human use (Gavilan et al. 2000), which is still more intense
in this tree species than in other oaks such as Quercus rotun-
difolia Lam. (Ramirez-Hernandez et al. 2014). Nonetheless,
Q. pyrenaica woodlands are richer in hoverfly species than
other Mediterranean woodlands or habitats (Ricarte and
Marcos-Garcia 2008), excepting the saproxylic species that
appear to be more diverse in the Quercus rotundifolia ‘dehe-
sas’ than in the Q. pyrenaica ‘dehesas’ (Ramirez-Hernandez
et al. 2014). Woodland sites in grassland-dominated land-
scapes may act as refuges for hoverflies against harsh envi-
ronmental conditions of grasslands (Ricarte et al. 2011).
However, small grasslands (‘grassy clearings’) promote
hoverfly diversity within woodlands (Gittings et al. 2006;
Ricarte et al. 2011). The community of hoverflies (and Dip-
tera in general) in open habitats might consist of a higher
number of small-bodied species, in comparison with close
habitats (woodlands), but responses of organisms are com-
plex and difficult to generalise at this regard (Chown and
Gaston 2010; Klecka et al. 2018).

The ecological characterisation of Mediterranean hoverfly
communities is still poor, with few studies dealing with taxo-
nomic and/or functional diversities in relation to ecological
variables (Ricarte et al. 2011; Quinto et al. 2014; Ramirez-
Hernandez et al. 2014). The main aim of the present study
is to approach the ecological characterisation (abundance,
species richness and functional diversity) of the hoverfly
community of a Spanish deciduous forest of Pyrenean oak,
in a region (La Vera) where 31 hoverfly species are recorded
so far (Gaytan et al. 2016). Hoverfly diversity in the Mediter-
ranean region is influenced by the vegetation type of sites,
in such a way that woodland sites are more diverse than
grassland sites (Ricarte et al. 2011). The first specific aim
(1) of this study is to compare the hoverfly diversity between
sites of Pyrenean oak forest and close-by grasslands. A
higher diversity of hoverflies is expected in woodland than
in grassland sites. Forest traits in the Mediterranean region
influence their insect diversity. For example, woodlands with
mature trees, i.e. older and bigger in size, usually have a
wider range of breeding sites for saproxylic species and then
its saproxylic community tends to be more diverse than in
woodlands with smaller-size trees (Ramilo et al. 2017). The
second specific aim (2) of the present study was to test dif-
ferences in hoverfly diversity between ‘mature’ and ‘young’
woodlands. We expect the mature forests to be more diverse
than the young. Finally, habitat type seems to have an effect
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on the body size of insects, for instance carabid (Coleop-
tera: Carabidae) body size is significantly greater in English
woodlands than in grasslands (Blake et al. 1994). The third
specific aim (3) of this paper was to test differences in the
body size of the hoverflies found in forests and close-by
grasslands by focusing on the hoverfly guild with the high-
est species richness. Smaller-bodied species are expected
in grasslands.

Results expected from this preliminary study are supposed
to show tendencies to be tested in future investigations.

Material and methods
Study area

The sampling sites were located in Cuacos de Yuste, La Vera
region, north of Caceres province, Extremadura (Central-
Western Spain) (Fig. 1). La Vera has an altitude ranging
of 260-2000 m asl, soils are sandy-loam, originated by the
granite erosion, and with a pH of 5-6.5 (Gallardo 2015). Cli-
mate is temperate continental Mediterranean, with moderate
temperatures (average annual temperature: 16 °C) (Rivas-
Martinez 1987).

The sampling took place in Pyrenean oak woodlands, as
well as in close-by grasslands. Pyrenean oaks occur along
South-Western Europe and North-Western Africa, being
more abundant in Northern Portugal and North and North-
Western Spain (Gavilan et al. 2007). An individual Pyrenean
oak can reach up to 20 m high under favourable conditions.
Their leaves are deeply lobed and are pubescent on both
sides (Devesa 1995).

Hoverflies of four sites (Fig. 2) were surveyed: (1) wood-
land site (40.106825, —5.736134), 38 ha, with young Q.
pyrenaica trees (trunk diameter <75 cm) and two seasonal
brooks; understory vegetation included plants such as
Ranunculus arvensis, Calendula arvensis (grasses), Arbutus
unedo, Citysus sp., Lavandula stoechas, Rubus spp. (scrubs),
and oak seedlings; managed woodland (wood extraction),
but, due to the overlap amongst the treetops, the canopy
cover was still complete (no sunlight underneath the cover);
(2) woodland site (40.149019, — 5.723547), 41 ha, with
mature Q. pyrenaica trees (trunk diameter > 75 cm), and no
water points within it; some grassy clearings present, with
a low diversity of plants dominated by Asphodelus albus;
unmanaged woodland, canopy cover non-complete (< 100%)
allowing the sunshine in some points; (3) grassland site near
the mature woodland (40.142739, — 5.714692), consisting of
small grasses (c.15 cm) and isolated patches of L. stoechas
and Origanum vulgare; (4) grassland site near the young
woodland (40.105266, — 5.750985), with small grasses
(<15 cm) and scattered individuals of Citysus spp.. The
extension of (3) and (4) was 36 ha altogether.
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Fig. 1 Location of the study area: La Vera region (in orange), Extremadura (in black), Central-Western Spain, Europe

Hoverfly sampling

Adult hoverflies were sampled with an entomological net
in the four selected sites. A zig-zag transept was followed
at each site, with a sampling effort of 25 min, in order to
cover the maximum extension. During the transept, the col-
lector paid special attention to places with higher attraction
potential for hoverflies: flower patches (mainly of Asteraceae
plants), streams, water pools, and ponds. All four sampling
sites were visited every fortnight from April 2014 to June
2015, but excluding the period from the second half of
September to the end of April due to low temperature and
high humidity. In total, 52 surveys took place. Rainy and
windy days were avoided due to the absence or scarcity of
hoverflies in flight. All the required permits for collecting
insects were made available by the autonomous government
of Extremadura, ‘Junta de Extremadura’ (Reference code:
“EMCF/jca”).

Hoverfly identification

Most data used for the present ecological study come from
the identifications in Gaytan et al. (2016). However, we give

here additional details about the specimen preparation and
identification in the lab of these and other specimens.

Hoverflies were identified in the field and released, but
those that required identification with microscope were
killed with ethyl acetate gases (C,HgO,) (Marquez 2005) and
then transported to the lab to be mounted and labelled ade-
quately. Specimens were identified with Ball et al. (2013),
Speight and Sarthou (2014), Stubbs and Falk (2002), Van
Veen (2010), Violovitsh (1974), and Marcos-Garcia et al.
(2000). For some specimens, male genitalia examination
was required. Genitalia were dissected with pins and forceps
from softened specimens after 24—-48 h in a damp bell, then
boiled individually in glass tubes with potassium hydroxide
(KOH) diluted in water for 5 min, immersed in acetic acid
(C,H,0,) to neutralize the residual KOH, and finally placed
in ethanol (C,H,O) to remove the acid excess. Genitalia
were stored in plastic micro-vials with glycerine.

Statistical analyses
To test differences in the abundance and richness of hover-
flies between the woodland sites and the sites outside wood-

lands, we run a generalized linear model (GLMs) using the
R-package ‘stats’ (R Development Core Team 2016). We
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Fig.2 The four sampling sites
studied in La Vera (Central-
Western Spain) where hoverflies
were surveyed. In red, woodland
sites; in green, close-by grass-
land sites

modelled the ‘number of individuals’ (following a Poisson
distribution) of each species as a function of the ‘species’,
the ‘site’ (inside or outside the deciduous woodland) and the
interaction among both predictors. For testing differences
in the hoverfly functional groups between the woodland
sites and the sites outside woodlands, we run three GLMs
(following a binomial distribution) taking ‘phytophagous’,
‘predatory’ and ‘saprophagous’ species as response vari-
able for each of the three models respectively; and using
the site as categorical variable to distinguish observations
within woodland sites and with close-by grassland sites as
predictor. Hoverflies were categorised in different functional
groups according to Speight (2018).

To test differences in the abundance and species rich-
ness of hoverflies and the differences in the hoverfly func-
tional groups between mature and young woodland sites,
we run the same four GLMs previously described but adapt-
ing the categories of the variable ‘site’ as: mature or young
woodland.

Since most of the collected species were predatory (18
out of 23 s), we choose this functional group to analyse the
differences in the species body size between the hoverfly
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diversity found inside the woodland sites and in the sites out-
side woodlands. Species body size is based on the adult body
length provided in the ‘All other sheets’ spreadsheet of Speight
et al. (2016) for all European species of hoverflies. In Speight
et al. (2016), adult body length is measured from the anterior
extremity of the head (excluding the antennae) to the posterior
extremity of the abdomen, given to the nearest 0.5 mm. To test
differences in species size between woodland sites and with
the grassland sites, we run a GLM (following a Poisson dis-
tribution) using the ‘body length’ as response variable and the
‘site’ (inside or outside the deciduous woodland) as predictor.

For any of the above mentioned analyses, saprophagous
species were not split into ‘saproxylic’ and ‘non-saproxylic’
due to the low number of species recorded in this functional
group (four out of 23, with only one saproxylic species, see
Table 1).
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Table 1 List of hoverflies

: . Species Site (1) Site (2) Site (3) Site (4) Func-
collected in two woodland sites tional
fmd two close-})y grassland sites group
in La Vera region, Central-

Western Spain Brachypalpus valgus 0 5 0 0 Sp*
Cheilosia scutellata 2 16 1 0 Ph
Chrysotoxum octomaculatum 6 4 0 0 Pr
Dasysyrphus albostriatus 0 1 0 0 Pr
Didea fasciata 0 1 0 0 Pr
Episyrphus balteatus 35 63 0 0 Pr
Eristalinus taeniops 0 1 0 0 Sp
Eristalis tenax 9 10 3 0 Sp
Eupeodes corollae 1 1 1 2 Pr
Eupeodes lucasi 0 1 0 0 Pr
Eupeodes luniger 0 0 1 0 Pr
Melanostoma mellinum 0 0 2 0 Pr
Melanostoma scalare 3 2 3 6 Pr
Meliscaeva auricollis 2 3 13 12 Pr
Paragus haemorrhous 2 0 0 5 Pr
Platycheirus albimanus 0 1 2 Pr
Scaeva pyrastri 0 1 0 0 Pr
Sphaerophoria scripta 4 0 21 18 Pr
Syritta pipiens 1 2 4 0 Sp
Syrphus ribesii 0 5 2 6 Pr
Syrphus vitripennis 0 3 0 0 Pr
Volucella inanis 1 7 0 0 Pr
Xanthandrus comtus 1 0 0 0 Pr
Individuals 67 127 53 49
Species 12 18 11 6

Sampling sites: (1) young woodland site; (2) mature woodland site; (3) grassland site near mature wood-
land; (4) grassland site near young woodland. Legend of the ‘Functional group’: Ph, species with phy-
tophagous larva; Pr, species with predatory larva; Sp, species with saprophagous larva; Sp*, species with
saproxylic larva. Most material was included in Gaytén et al. (2016)

Results
Hoverfly diversity

Hoverflies were surveyed in two woodland sites (‘mature’
and ‘young’) and two grassland sites next to the wood-
lands. A total of 296 specimens representing 23 species
and 19 genera were collected, 21 species in the woodland
sites and 12 in the grassland sites. Seven species were
exclusive to the mature woodland site, only one to the
young woodland, and two to the close-by grasslands. All
three functional groups were represented at each woodland
site, as well as in the close-by grasslands, with one species
with phytophagous larva, four with saprophagous larvae
(only one saproxylic: Brachypalpus valgus), and 18 with
predatory larvae. The species with the highest number of
records was Episyrphus balteatus (predatory), with 98
specimens. Seven species (all except one predatory) were
singletons (Table 1).

Woodland sites vs. close-by grassland sites

The abundance and species richness was significantly higher
in the woodland sites (194 individuals of 21 species) than
in grassland sites (102 individuals of 12 species) (F=7.57,
df=1, p=0.006; Tables 1 and 2). The proportion of phy-
tophagous species in woodland sites was 5% (18 specimens)
while in grassland sites these species were almost absent
(1 specimen) (F=7.814, df=1, p=0.006; Fig. 3). In addi-
tion, the proportion of saprophagous species was signifi-
cantly higher in grassland sites (F=11.654, df=1, p<0.001;
Fig. 3). Finally, the proportion of predatory species in the
woodland and the grassland sites was similar (76.19% and
75.00%, respectively) (F=3.696, df =1, p=0.060; Fig. 3).

Mature woodland site vs. young woodland site

The abundance and species richness of hoverflies was signif-
icantly higher in the mature woodland site (127 individuals
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Table 2 The effects of the
species composition and habitat

type (model 1: inside or outside
the woodland; model 2: ‘young’
or ‘mature’ woodlands) on the
hoverfly abundance

Response variable Predictors X df p
Number of individuals of each species Species 479.00 22 <0.001
(model 1) Site (inside or outside) 7.57 1 0.006
Interaction 75.32 9 <0.001
(Species: site)
Number of individuals of each species Species 342.40 20 <0.001
(model 2) Woodland 13.91 1 <0.001
(‘young’ or ‘mature’)
Interaction 12.86 8 0.117

(Species: woodland)

Significant p-values (p <0.05) are shown in bold

of 20 species) than in the young woodland site (67 indi-
viduals of 12 species) (F=13.91, df =1, p<0.001; Tables 1
and 2). The proportion of phytophagous species was higher
than 8.3% in the mature woodland, while the proportion of
phytophagous species was lower than 5.6% in the young
woodland site (F=4.887, df =1, p=0.028; Fig. 3). We did
not find statistically significant differences in the proportion
of predatory and saprophagous species between the mature
and the young woodland site (F=1.903, df=1, p=0.169 and
F=0.020, df=1, p=0.888; Fig. 3).

Species body size vs. habitat type

The guild of hoverflies with predatory larvae was the richest
in species. Thus, this guild was considered to test differences
in the species body size according to habitat type (woodland
or grassland). With an average of 12 mm, the body size of
predatory species collected in the woodland sites was sig-
nificantly higher than that of the predatory species found
outside (F=72.553, df=1, p<0.001; Fig. 4). We found a
range of body sizes within woodland sites from 4 to 18 mm,
while species found outside were up to 11 mm in body size
(average =10 mm) (Fig. 4).

Discussion
Hoverfly diversity

In the two studied sites of Pyrenean oak, 21 hoverfly species
were collected after 7.5 months of fortnight samplings with
hand net. This species number contrasts the 60 species col-
lected in the Pyrenean oak woodlands in Cabaiieros national
park (Ricarte and Marcos-Garcia 2008), a protected area
of Mediterranean forest just over 170 km from La Vera. In
Cabafieros, two woodland sites of Pyrenean oak were also
studied, one of which was a mix of Q. pyrenaica, Quercus
faginea and Fraxinus angustifolia. The difference in the
number of collected species is given by (1) a longer period
of hand net sampling (13 months vs. 7.5 months), (2) a
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higher collecting effort with hand net (2 h per survey/site vs.
25 min), and (3) the use of an additional sampling technique
during an entire year (Malaise trap vs. hand net only) in
Cabaiieros (Ricarte and Marcos-Garcia 2008; Ricarte et al.
2011). Nonetheless, the list of species collected in La Vera
woodlands of Pyrenean oak is not unimportant, including
eight species absent from the Cabaiieros Q. pyreniaca wood-
lands (Ricarte and Marcos-Garcia 2008), and four species
that were first catalogued for the autonomous community
of Extremadura in Gaytén et al. (2016). Future studies will
contribute to complete the list of hoverfly species from the
Pyrenean oak woodlands in La Vera region.

The Species Selection Tool of Monteil (2010) predicts
58 hoverfly species for the general habitat category ‘1127:
Q. pyrenaica forest’ without supplementary habitats such
as grassy clearings or brooks. Ten of the 21 species col-
lected in the Q. pyrenaica woodlands of La Vera are absent
from the above mentioned prediction, i.e. not expected to be
found in this woodland type; these species are D. fasciata,
E. taeniops, E. tenax, E. corollae, M. scalare, M. auricol-
lis, S. pyrastri, S. scripta, S. pipiens, and S. vitripennis, all
recorded fro Spain. However, some of these species can be
present in Q. pyrenaica woodlands, if supplementary habi-
tats are included. For example, E. corollae, M. scalare, S.
pyrastri, and S. scripta are predicted for the Q. pyrenaica
woodlands, if ‘grassy clearings’ and ‘seasonal brooks’ are
selected as supplementary habitats (Monteil et al. 2007),
what fits to the features of the two studied woodland sites:
young woodland site with two seasonal brooks and mature
woodland site with grassy clearings (see “Material and
methods”). Nonetheless, D. fasciata and E. taeniops are
predicted by Monteil (2010) under any circumstance. So,
on the one hand the predictive potential of Monteil (2010)
is confirmed in the present study, and on the other hand the
results obtained may contribute to complete the Syrph the
Net database (Speight et al. 2010) and then optimise the use
of Monteil (2010).

Samplings in the grassland sites fitted a lower number
of hoverfly species than in the woodlands, with two spe-
cies exclusive to the grassland sites: E. luniger and M.
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mellinum. The preferred environment of the anthropophilic
E. luniger adults is open, including grasslands and wood-
land clearings (Speight 2018). This is actually one of the
species predicted for Q. pyrenaica woodlands in Monteil
(2010), even if supplementary habitats are excluded from
the prediction (Monteil et al. 2007). However, this spe-
cies has not been collected in the woodland clearings of
our sites. Results are not conclusive at this regard, since
all collected Eupeodes hoverflies were represented only

Inside

L1
Qutside

Y oung woodland

by one specimen each, and part of these species abun-
dance could have been overlooked during the sampling due
to their fast flight (see Speight 2018 for E. luniger). The
occurrence of M. mellinum exclusively in the grasslands
appears to be more consistent with the available literature,
since it is also typically found in open environment (Spei-
ght 2018), and is predicted for Q. pyrenaica woodlands,
only if grassy clearings are included as supplementary
habitats in the prediction (Monteil et al. 2007; Monteil
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Fig.4 Body size range of the hoverfly guild dominant in the sampling (predatory species) inside/outside woodland sites in La Vera region,
Central-Western Spain. ‘Outside’ sampling took place in two grassland sites near the woodland sites

2010). In conclusion, the finding of E. luniger and M. mel-
linum exclusively in the grassland sites is in accordance
with our general knowledge on these species preferences
(Speight 2018).

Regarding woodland sites, the low number of saproxylic
species found (only B. valgus) is remarkable. For example,
in the Cabafieros Q. pyrenaica woodlands 12 saproxylic
species were collected (Ricarte and Marcos-Garcia 2008).
In Spain, 68 saproxylic species of hoverflies are recorded,
meaning that Cabaferos Q. pyrenaica woodlands accom-
modate around 18% of the Spanish species (Speight 2018).
In Cabafieros, four different woodland types were studied
and those of Q. pyrenaica had the lowest number of saprox-
ylic species recorded (Ricarte and Marcos-Garcia 2008). In
addition, B. valgus is a saproxylic species shared by different
types of Mediterranean woodlands, including F. angustifolia
and Quercus suber woodlands (Ricarte and Marcos-Garcia
2008). The reason why Q. pyrenaica woodlands appear to
have in Spain a low diversity of saproxylic hoverflies might
be related to a more intense management of this tree species
than in others during history (Gavilan et al. 2000).
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Woodland sites vs. close-by grassland sites

The studied woodland sites of Q. pyrenaica had a higher
species richness than the grassland sites outside. This result
matches those found by Ricarte et al. (2011) in Cabaifieros,
where Mediterranean woodlands, especially those in grass-
land-dominated landscapes appear to act as refuges for hov-
erflies against wind or extreme temperatures. In addition,
supplementary habitats such as the grassy clearings occur-
ring in the studied mature-woodland sites promote hoverfly
diversity (Gittings et al. 2006; Ricarte et al. 2011) and may
justify the higher species richness reported in woodland
sites than in grassland sites in La Vera. Species richness
and abundance are related variables in other insect groups
(Price et al. 1995; Wickramasinghe et al. 2004; Okrikata
and Yusuf 2016), and this tendency seems to be obvious
also in this study results, because a higher species richness
in woodland sites than in grassland sites is accompanied by
a higher hoverfly abundance (Table 1).

The woodland sites had a higher abundance of phytopha-
gous species (only Cheilosia scutellata represented), while
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the mature woodland site had more collected specimens than
the young woodland site. These records are in accordance
with C. scutellata biology, since its larva feeds on large
fungi associated with woodlands (Dely-Drascovits 1972),
and then woodlands are the preferred environment for adults
(Speight 2018). The richness of saprophagous hoverflies
was higher in woodland sites than in grassland sites. The
two saprophagous species found in the grasslands (E. tenax
and S. pipiens) are highly anthropophilic and generalistic,
with larvae developing in a wide range of wet microhabitats
from small ponds to fresh dung (Speight 2018). Any of these
microhabitats might be present in the studied grasslands or
close-by. Regarding the hoverflies with predatory larvae,
these had a higher species richness and total abundance in
woodland sites than in grassland sites, coinciding with the
results found by Ricarte (2008) in the Mediterranean habi-
tats of Cabaiieros. While the presence of phytophagous and
saprophagous species is limited by the availability of feeding
resources and humidity, predatory species can find feeding
resources (other insects, mainly aphids) in a wider range of
ecosystems and are less dependent on habitat conditions than
phytophagous and saprophagous species (Bankowska 1980).
Woodlands of Mediterranean ecosystems are environmen-
tally complex having supplementary habitats such as grassy
clearings that sustain prey populations for a wider and more
abundant community of predatory hoverflies (Ricarte 2008).

Mature woodland site vs. young woodland site

The higher abundance and species richness of hoverflies
in the mature woodland than in the young woodland sug-
gest that the mature woodland provides a wider range of
resources for a more diverse hoverfly community. On the one
hand, the finding of the saproxylic B. valgus in the mature
woodland is related to the fact that mature trees have more
rot holes and fissures than younger trees; rot holes and fis-
sures are microhabitats for B. valgus larvae (Dusek and
Laska 1988, Sanchez Galvan et al. 2014). On the other hand,
predatory species such as E. lucasi and S. vitripennis prefer
woodlands against other habitat types (Speight 2018). The
fact that the studied young woodland was under manage-
ment conditions (see “Material and methods”) was likely to
impact its habitat integrity, and this might be why hoverfly
species preferring woodlands are better represented in the
studied unmanaged mature woodland. The specific features
of the studied young woodland such as the absence of grassy
clearings is likely to be limiting the richness and abundance
of hoverfly species in our samplings (Gittings et al. 2006;
Ricarte et al. 2011). The finding of X. comtus in the young
woodland, but not in the mature woodland is in accordance
with this species biology, since adults of this species are fre-
quent in habitats where there are young trees (Speight 2018).

Species body size vs. habitat type

Observing the body size of the major functional group which
was the predatory species (Syrphinae), we noticed that only
smaller-bodied species were found outside woodland sites
(e.g. M. auricollis and S. scripta), while a wider (and higher)
range of body sizes was found amongst the species recorded
within woodlands (e.g. V. inanis) (Table 1). This positive
tendency of small-bodied species towards open habitats is
in accordance with the results found in studies focused on
other insect groups (Blake et al. 1994) and might be due to
a better adaptation of small-bodied species to the high tem-
perature of open habitats (Chown and Gaston 2010), and/or
these small-bodied species using open habitats to go more
unnoticed by their natural enemies (Bain et al. 2007). Klecka
et al. (2018) showed that flower visitation increased with
inflorescence size in small-bodied species of hoverflies. In
the grassland sites studied here, plants with bigger inflores-
cences than those in woodland sites were present (e.g. Bellis
sylverstris, Glebionis segetum or Matricaria chamomilla),
and they were likely to attract small-bodied species of hover-
flies coming from other close-by habitats as tourist species.
Finally, the smaller body size of species in grasslands than in
woodlands can be an effect of the functional group selected
to test differences at this regard. Predatory species belong
to a hoverfly subfamily (Syrphinae) that appear to be less
specialised in terms of flower visitation than other hoverfly
subfamilies (Klecka et al. 2018). Predatory species could
be then more likely to be found in habitats with, a priori,
less specialised conditions such as grasslands. Our results
suggest that further studies with the entire hoverfly commu-
nity of habitats should be undertaken in the Mediterranean
region to better understand the effect of habitat type in the
species body size of hoverflies.

Conclusions’

e Mediterranean woodlands of Pyrenean oak seem to have
a higher hoverfly diversity than grasslands, with wood-
lands possibly acting as hoverfly shelters and sources for
close-by habitats.

e Supplementary habitats within Pyrenean oak woodlands
(e.g. grassy clearings, brooks) are likely to promote hov-
erfly diversity.

e Mature woodlands of Pyrenean oak with grassy clearings
provide resources for a wider hoverfly community than
young woodlands without grassy clearings.

! All conclusions to be understood in the framework of Pyrenean oak
woodlands and grasslands of La Vera region (Central-Western Spain).
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e Hoverfly diversity of Pyrenean oak woodlands consists of
species with a wider range of body sizes, while close-by
grasslands have smaller-bodied species possibly originat-
ing in the woodlands and doing incursions in the grass-
lands to feed on larger-inflorescence plants.

e Obtained results, although limited by the number of
surveyed sites and the sampling effort show important
consistencies with the known biology and ecology of col-
lected hoverfly species, indicating that these preliminary
findings represent real tendencies in the studied habitats

types.
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