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Abstract. Phoridae (scuttle flies) are widely distributed, occur in many types of habitats and are ecologically versatile, which
makes them an excellent bioindicator group for evaluating faunal diversity. The structure of scuttle fly communities was compared
in two Mediterranean habitats in the Montseny Natural Park (Catalonia, Spain) that differ in vegetation and microclimate: beech
forest and highland scrubland. 3684 male individuals belonging to 135 species of scuttle flies were identified. Scuttle flies were
more abundant in beech forest than scrubland. Observed and estimated species richness were lower in scrubland than in beech
forest, while diversity was similar in both habitats. Community evenness was greater in scrubland than beech forest. Therefore,
the percentage of dominant and subdominant species was higher in scrubland than beech forest, while the percentage of rare spe-
cies was higher in beech forest than scrubland. Scuttle fly species composition was significantly different in the two habitats, but
it was similar among plots within the same habitat. Megaselia pectoralis (Wood, 1910) and Megaselia subpleuralis (Wood, 1909)
were the dominant species in beech forest, while Megaselia pusilla (Meigen, 1830), Megaselia pumila (Meigen, 1830), Megaselia
superciliata (Wood, 1910) and Megaselia diversa (Wood, 1909) were the dominant species in scrubland. Trophic specialization
was higher in beech forest than scrubland. Saprophages were the dominant trophic group in beech forest, while fungivores and
polyphages were dominant in scrubland. The high biodiversity of scuttle flies recorded in the Montseny Natural Park indicates that

there is also a high diversity of other taxa there and that these Mediterranean mountains are of high conservation status.

INTRODUCTION

Phoridae (scuttle flies) is a diverse family in the order
Diptera with more than 3,700 species in more than 260
genera. Around half of the species belong to the cosmo-
politan genus Megaselia Rondani. Phoridae is one of the
families of Diptera with the highest diversity of larval life
forms, including saprophages, predators, fungivores, para-
sits and parasitoids (Disney, 1990; Disney et al., 2010).

Scuttle flies are widely distributed and occur in differ-
ent types of habitat, which makes them a suitable group
for characterizing and comparing different ecosystems.
However, few studies have compared the structure of
scuttle fly communities in different habitats (Weber &
Prescher, 1990; Disney, 1994; Durska, 1996, 2001, 2006,
2013, 2015; Prescher et al., 2002; Zmihorski & Durska,
2010) and none of them has studied them in Mediterranean
mountain ecosystems. The prevalence of scuttle flies and
their high biological and trophic diversity make them an
excellent bioindicator group for evaluating the faunal di-
versity of an ecosystem as a measure of its conservation
value; a high diversity of scuttle flies ussually indicates a
high diversity of other taxa (Disney, 1994).
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Several papers have addressed the composition of dif-
ferent families of Diptera in European open-area habitats
(Olechowicz, 1971; Brasse, 1975; Goos, 1975; Ricou,
1978; Bahrmann, 1984; Hovemeyer, 1991; Ryder et al.,
2005). The scuttle fly communities in open-area habitats
such as meadows, pastures, crops (Disney et al., 1981b;
Weber & Prescher, 1990, 1995; Buck, 1994, 1997; Pre-
scher et al., 2000; Brenner, 2002, 2003, 2005, 2008) and
disturbed areas in forests resulting from wildfires, clear
cutting and windstorms have been studied (Durska, 2001,
2006, 2009, 2013, 2015; Prescher et al., 2002; Durska et
al., 2010; Zmihorski & Durska, 2010). However, only a
few studies have surveyed the species of scuttle flies in
scrublands (e.g. Disney et al., 1981a). Likewise, many pa-
pers analyse the families of Diptera in European forests,
mostly in conifer-dominated forests (e.g. Béchli, 1970;
Altmiiller, 1976, 1979; Szadziewska, 1977; Mollon, 1982;
Hovemeyer, 1984, 1991; Olechowicz, 1984, 1988), with
only a few studying the species of scuttle flies (Buck, 1994,
1997; Durska, 1996, 2001, 2006, 2009, 2013, 2015; Pre-
scher & Haenni, 2001; Brenner, 2002, 2008; Prescher et
al., 2002; Weber et al., 2006; Durska et al., 2010; Bonet
et al., 2011). In contrast, studies of scuttle flies in beech
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forests or in other types of broadleaf deciduous forests are
scarce (e.g. Weber & Schiegg, 2001; Brenner, 2004; Scher-
ber et al., 2014; Disney, 2015).

Species richness is frequently correlated with habitat
structural heterogeneity. Niche specialization increases in
mature and stable ecosystems and consequently sapropha-
gous organisms are very abundant in these ecosystems due
to accumulation of high quantities of organic matter (Put-
man, 1994). However, the diversity and species richness
usually decreases with altitude and in environments with
extreme abiotic factors (Begon et al., 2008).

The objective of this paper was to assess the differences
in scuttle fly community structure in two ecologically con-
trasting habitats on a sub-humid Mediterranean mountain,
beech forest and highland scrubland. Furthermore, the
scuttle fly species composition in three beech forest plots
that differed in soil humidity was compared and also in two
scrubland plots that differed in plant composition. The hy-
potheses tested were that the abundance, species richness
and dominance is higher in beech forest than in scrubland,
which is a more unstable and extreme environment than
beech forest, and that the evenness in species and troph-
ic group abundance is greater in scrubland than in beech
forest. The global scuttle fly data and the new species
described in the study area is reported in Garcia-Romera
& Barrientos (2014a) and Garcia-Romera & Barrientos
(2014b), respectively.

MATERIAL AND METHODS

Study area

This study was carried out in the Montseny Natural Park (Cata-
lonia, Spain), which has a high biodiversity as it contains biota
of three Western European biogeographic areas: Mediterranean,
Central European and Boreoalpina. The variety of mesoclimates,
ecosystems and species makes the Montseny a priority conserva-
tion site, which was included in the catalogue of UNESCO bio-
sphere reserves in 1978. The Natural Park has an area of about
400 km?; its highest mountain (Turé de ’Home) reaches 1,712
m a.s.l. The dominant plant communities are forests of holm oak
(Quercus ilex L.) (up to 900 m), beech (Fagus sylvatica L.) (from
1,000-1,500 m) and scrublands of Juniperus communis L. and
Calluna vulgaris L. (above 1,500 m) (Boada & Ullastres, 1998;
Boada, 2001). The great variety of mesoclimates and ecosystems
explains the high species richness of Diptera (> 500 species) in
the Montseny Natural Park. Carles-Tolra (1995) estimates that
known species are only around 1/3 of the potential number of
species.

This study is based on material collected in five plots each of
about 1 ha, three in beech forest and two in highland scrubland
(Fig. 1). The three plots in beech forest were randomly selected
and differed in soil moisture; they belong to the acidophile beech
forest (ass. Luzulo Niveae-Fagetum), which is the most common
type of beech forest in Montseny. The mesohumid beech forest
plot (Mbf) (UTM 31TDG530274, 1,130 m a.s.l.) has deep soil
and a seasonal stream flows after rain and snow melt. It is orient-
ed W-NW with a slope of 20%. The humid beech forest plot (Hbf)
(UTM 31TDG532273, 1,170 m a.s.l.) has a permanent stream
that sometimes floods the soil, which has a thick layer of humus
and litter. It is oriented N-W, with a slope that ranges between
20-40% and is situated 570 m from Mbf. The dry beech forest
plot (Dbf) (UTM 31TDG540279, 1,250 m a.s.l.) is far from any
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Fig. 1. Map showing the location of the study plots in Montseny
Natural Park and inset maps of Iberian Peninsula and Catalonia
showing the location of the Park. Mbf — mesohumid beech forest,
Hbf — humid beech forest, Dbf — dry beech forest, Jsc — Juniperus
scrubland, Csc — Calluna scrubland.

stream and has shallow soil. Beech growth is significantly lower
than in the other beech plots and there is a dense herbaceous plant
layer. It is oriented to the N, with a slope of 10% and is situated
960 m from Hbf.

The two highland plots were randomly selected and differ in
their plant composition. Near the mountain summit, we sampled
a Juniperus communis L. scrubland (ass. Juniperion nanae) plot
(Jsc) (UTM 31TDG530256, 1,620 m a.s.l.). It is oriented ENE,
on a steep slope and is situated 1,540 m from Mbf. At a lower al-
titude, we sampled a Calluna vulgaris (L.) scrubland (ass. Violo-
caninae-Callunetum) plot (Csc) (UTM 31TDG542245, 1,510 m
a.s.l.) on a windy site. It is oriented to the N, with a slight slope
and is situated 1,770 m from Jsc.

Sampling methods

Sampling was carried out from March 1990 to March 1991.
The first week we sampled the beech forest plots and the follow-
ing week the two scrubland plots.

The same effort was made to sample each of the plots using the
following methods:

Pitfall traps

Four traps, 9 cm in diameter, arranged in line, 2 m apart, were
placed in each plot. Each trap contained 4% formaldehyde with
an antifreeze liquid in winter.

Window traps

We used one trap per plot. It had a transparent glass of 0.80 x
0.40 m (width x height), with a collector plate on each side con-
taining 4% formaldehyde and detergent. Each trap was anchored
to the soil.

Emergence traps

A metallic cylinder (50 cm in diameter) attached to a cone with
a boat collector at the top containing 70% ethanol. Two traps were
placed in each plot and randomly changed every fortnight.

All traps were permanently left in the field during the sampling
year and were emptied every fortnight.

Data analysis

The material was preserved in 70% ethanol. Analyses were
only based on males, as most females of the genus Megaselia
Rondani and Phora Latreille are not currently identifiable to spe-
cies level.
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We used relative abundance (A,) to determine the dominance
in community structure:

A =21 900 |
=N (D

where n, = number of individuals of i species in the sample and
N = number of individuals of the scuttle fly community in the
sample.

The degree of dominance was classified into five categories
according to species 4, based on Durska (1981, 2001): Eudomi-
nant: over 15.0%, Dominant: from 5.1 to 15.0%, Subdominant:
from 2.1 to 5.0%, Influential: from 1.1 to 2.0% and Accessory
(rare): up to 1.0%.

Species diversity was quantified using the Shannon index (H’):

H'==2p;ln"p, @)
where p = n,/ N (relative abundance).

Shannon evenness (J ), which considers the degree of evenness
in species abundances (Moreno, 2001; Magurran, 2004)
J '=—; (3)

max

where H _=InSand S is the number of species in the sample.

Species accumulation curves were used to determine the es-
timated number of species in each plot. This curve is the cumu-
lative number of species recorded as a function of the cumula-
tive number of samples (sampling effort) (Colwell et al., 2004).
Twenty-one fortnightly samples were used in this analysis. Spe-
cies accumulation curves and their estimators were implement-
ed in EstimateS software (Colwell, 2009). The non-parametric
estimators Chao 1, Chao 2, ACE, ICE, Jackknife 1, Jackknife
2, Bootstrap were used; these are described in Colwell & Cod-
dington (1994) and Chazdon et al. (1998). These estimators allow
to know the percentage of species that were captured related to
those estimated, i.e., the efficiency of the sampling effort.

Statistical analysis

Pearson’s correlation analysis (Sokal & Rohlf, 1995) was used
to compare trophic groups in the two habitats. Normality was
checked using the Kolmogorov-Smirnov goodness of fit test (o =
0.05). Statistical analyses were performed using SPSS 15.0 soft-
ware for Windows (Chicago, SPSS Inc.).

Agglomerative Hierarchical Cluster analysis with average-
linkage clustering and dendrograms were used to group the plots,
as a function of scuttle flies species composition. We used Bray-
Curtis similarity index for quantitative data, using square-root
transformed data. A similarity test profile (SIMPROF) was used
to assess if plots within a cluster differed significantly. A SIM-
PER (similarity percentages) analysis was used to determine the
species that contribute most to the similarity among plots in the
same habitat and those that differentiate them. These tests were
performed using PRIMER 6 software (Clarke & Gorley, 2006).

Non-parametric PERMANOVA (permutational ANOVA) with
repeated measures (for fortnightly samples) design on Euclidean
distance was done to compare density, species richness and di-
versity of the scuttle fly community in the two habitats studied,
based on a two-factor design, habitat (fixed) and time (random),
with data for the five plots. A PERMDISP routine was used to test
the homogeneity of dispersion between habitats. Permutational
analysis does not assume homogeneity of variances or that the
errors are independent and normally distributed, but that the sam-
ples are independent and with homogeneity of dispersion. How-
ever, we consider that a non-significant result from PERMDISP
(p > 0.05) is not strictly necessary prior to using PERMANOVA.
Permutational MANOVA based on Bray-Curtis similarity was
used to determine whether there was significant difference in spe-
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cies composition between habitats. This test does not assume a
multivariate normal distribution, unrealistic for most ecological
data sets (Anderson, 2001; Anderson et al., 2008). A distance ma-
trix between observations was calculated (with prior square root
data transformation) from a raw multivariate matrix, where the
variables are scuttle fly species (rows) and fortnightly samples for
the five plots (columns). In both permutational tests the statisti-
cal pseudo-F and p-value were calculated after 9,999 permuta-
tions. Significant level was set at o = 0.05. Tests were carried out
using the PERMANOVA + for PRIMER software (Anderson et
al., 2008).

RESULTS

Dominance structure of the scuttle fly communities

We captured a total of 95,330 Diptera of which 7,045
were scuttle flies (7.39%). Scuttle flies were more abun-
dant in the beech forest and made up a higher percentage of
the Diptera (5,846 Phoridae out of 72,004 Diptera, 8.11%)
than in scrubland (1,199 Phoridae out of 23,326 Diptera,
5.14%).

We identified 3,684 scuttle fly males belonging to 135
species, of which 107 species belong to the genus Mega-
selia Rondani (79.3%), with a relative abundance of
88.8%. In all plots, we found a few dominant and eudomi-
nant species, while most were accessory species (Table 1).
Megaselia pectoralis was the only eudominant species in
the three beech forest plots while this species was subdom-
inant in the scrubland plots. M. pectorella was dominant in
Mbf, subdominant in Hbf, and absent in scrubland plots.
M. diversa was a dominant species in Mbf and in both
scrubland plots. M. pumila and M. pusilla were only domi-
nant in scrubland plots; M. pusilla was also eudominant in
Jsc. M. subpleuralis had a higher relative abundance in Dbf
than in Hbf. M. superciliata was dominant in scrubland and
in Dbf. Metopina galeata had a higher relative abundance
in scrubland than in beech forest. Several species domi-
nated in one plot but were accessory in the remaining plots.
For instance, Tripheba opaca and Megaselia brevicostalis
were only dominant in Csc, similarly Diplonevra flores-
cens was only dominant in Hbf.

We found nine characteristic species of beech forest (Fig.
2a), with one eudominant species, Megaselia pectoralis,
one dominant species, M. subpleuralis and seven subdomi-
nant species: M. pusilla, M. diversa, M. superciliata, M.
pectorella, Diplonevra florescens, M. longicostalis and M.
basispinata. The relative abundance of all these species
was 67.9% (Table 2). We found twelve characteristic spe-
cies of scrubland (Fig. 2b), with one eudominant species,
M. pusilla, three dominant species, M. pumila, M. supercil-
iata and M. diversa, and nine subdominant: M. brevicosta-
lis, Diplonevra nitidula, M. basispinata, M. longicostalis,
M. largifrontalis, Metopina galeata, Megaselia pectoralis,
Triphleba opaca and Megaselia xanthozona. The relative
abundance of all these species accounted for 77.8%. The
percentage of accessory species was higher in beech forest
than in scrubland (Table 2), while middle categories (sub-
dominants and influential) were more abundant in scrub-
land than beech forest. Common species in both habitats
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Table 1. Species composition with the number of individuals captured (Ind) and relative abundance (A) of the different species in the scut-
tle fly communities in three beech forest plots and two scrubland plots in the Montseny Natural Park. tg — trophic groups, f — fungivores,
p — polyphages, s — saprophages, z — zoophages (Garcia-Romera & Barrientos, 2014a). Mbf — mesohumid beech forest, Hbf — humid
beech forest, Dbf — dry beech forest, Jsc — Juniperus scrubland, Csc — Calluna scrubland.

Speci ¢ Mbf Hbf Dbf Jsc Csc
pecies 9 "ind A ind A ind A _ind A Ind A

Anevrina thoracica (Meigen, 1804) s 3 0.41 3 0.36

Anevrina unispinosa (Zetterstedt, 1860) s 1 0.12 1 0.07

Borophaga femorata (Meigen, 1830) 20 274 7 0.83 18  1.31 6 1.44 2 0.63

Conicera dauci (Meigen, 1830) p 2 0.27 1 0.12 1 0.24

Conicera floricola Schmitz, 1938 s 2 0.27 12 142

Conicera similis (Haliday, 1833) p 1 0.14 2 0.24

Conicera tarsalis Schmitz, 1920 s 1 0.14 3 0.36 1 0.07

Conicera tibialis Schmitz, 1925 s 1 0.07

Diplonevra florescens (Tuton, 1801) s 11 1.51 88 1044 5 0.36 1 0.32

Diplonevra funebris (Meigen, 1830) s 2 0.48 3 0.95

Diplonevra glabra (Schmitz, 1927) 3 0.72

Diplonevra nitidula (Meigen, 1830) z 7 0.96 29 344 2 0.15 26 6.22 5 1.58

Diplonevra pachycera (Schmitz, 1918) 6 0.82 16 1.90 1 0.07

Diplonevra unisetalis (Schmitz, 1935) 2 0.48 5 1.58

Gymnophora arcuata (Meigen, 1830) s 1 0.14

Megaselia aculeata (Schmitz, 1919) 3 0.41 8 0.95

Megaselia aequalis (Wood, 1909) 2 0.27 4 0.47 1 0.07

Megaselia albicans (Wood, 1908) f 1 0.14

Megaselia albicaudata (Wood, 1910) 1 0.12 1 0.32

Megaselia altifrons (Wood, 1909) 1 0.14 2 0.15

Megaselia angusta (Wood, 1909) p 25 342 19 225 6 0.44 10 2.39 2 0.63

Megaselia angustiata Schmitz, 1936 1 0.32

Megaselia annulipes (Schmitz, 1921) z 1 0.12

Megaselia arbuciensis Garcia-Romera, 2014 2 0.15

Megaselia barrientosi Garcia-Romera, 2014 1 0.14

Megaselia basispinata (Lundbeck, 1920) 27  3.70 11 1.30 31 225 14 3.35 12 3.79

Megaselia berndseni (Schmitz, 1919) f 1 0.14 1 0.12 1 0.24 1 0.32

Megaselia bifurcata Disney, 1983 1 0.14

Megaselia bovista (Gimmerthal, 1848) f 1 0.32

Megaselia brevicostalis (Wood, 1910) s 2 0.27 1 0.12 1 0.07 15  3.59 21 6.62

Megaselia brevior (Schmitz, 1924) s 2 0.24

Megaselia brunnea (Schmitz, 1920) 1 0.32

Megaselia callunae Garcia-Romera, 2014 1 0.12 1 0.32

Megaselia campestris (Wood, 1908) 1 0.07

Megaselia cinereifrons (Strobl, 1910) f 1 0.14 4 0.29

Megaselia clemonsi Disney, 1984 1 0.07 1 0.32

Megaselia coaetanea Schmitz, 1929 f 1 0.12 3 0.72 2 0.63

Megaselia collini (Wood, 1909) 1 0.12

Megaselia consetigera (Schmitz, 1925) 2 0.24

Megaselia costalis (Von Roser, 1840) 1 0.12

Megaselia crassipes (Wood, 1909) 1 0.14 4 0.29

Megaselia curvicapilla Schmitz, 1947 16 1.90 4 0.29 1 0.24

Megaselia dahli (Becker, 1901) 1 0.14 7 0.83 3 0.72 2 0.63

Megaselia discreta (Wood, 1909) f 2 0.27 2 0.15

Megaselia diversa (Wood, 1909) s 40 5.48 31 3.68 41 298 30 7.18 25 7.89

Megaselia elongata (Wood, 1914) z 1 0.12 1 0.32

Megaselia erecta (Wood, 1910) 1 0.07

Megaselia eupygis Schmitz, 1929 1 0.07

Megaselia flava (Fallén, 1823) f 1 0.14 1 0.12 2 0.15

Megaselia flavicans Schmitz, 1935 f 16 219 25 297 16 1.16 1 0.32

Megaselia frameata Schmitz, 1927 f 2 0.27

Megaselia fumata (Malloch, 1909) 6 0.82 2 0.15

Megaselia fuscovariana Schmitz, 1933 6 0.82 2 0.24

Megaselia giraudii (Egger, 1862) p 8 1.10 6 0.71 1 0.07

Megaselia glabrifrons (Wood, 1909) 2 0.27 3 0.22 1 0.24

Megaselia hirsuta (Wood, 1910) 1 0.14 1 0.12

Megaselia hirtiventris (Wood, 1909) f 1 0.32

Megaselia iberiensis Disney, 1999 1 0.24 1 0.32

Megaselia indifferens (Lundbeck, 1920) 1 0.07

Megaselia infraposita (Wood, 1909) 2 0.27 4 0.47 6 0.44

Megaselia introlapsa Schmitz, 1937 11 1.51 8 0.95 2 0.15 1 0.24

Megaselia involuta (Wood, 1910) 16  2.19 2 0.24 6 0.44

Megaselia ivanis Garcia-Romera, 2014 1 0.14 1 0.12 3 0.22

Megaselia lactipennis (Lundbeck, 1920) 6 1.44 5 1.58

Megaselia largifrontalis Schmitz, 1939 6 0.82 3 0.36 4 0.29 8 1.91 17 5.36

Megaselia lata (Wood, 1910) f 29 397 11 1.30 17 1.24

Megaselia latifrons (Wood, 1910) 4 0.47 1 0.24

Megaselia latior Schmitz, 1936 f 2 0.27

Megaselia longicostalis (Von Roser, 1840) p 18 247 12 1.42 42  3.05 15  3.59 10 3.15

Megaselia longifurca (Lundbeck, 1921) z 4 0.47 1 0.07

Megaselia longipalpis (Wood, 1910) 1 0.12 3 0.22

Megaselia lutea (Meigen, 1830) f 1 0.14 2 0.24 3 0.22 1 0.32

Megaselia malhamensis Disney, 1986 1 0.12

Megaselia mallochi (Wood, 1909) z 1 0.07 13 3.1 1 0.32
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Table 1 (continued).
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Speci ; Mbf Hbf Dbf Jsc Csc
pecies 9 “Ind A ind A _ind A _ind A _ind A

Megaselia manicata (Wood, 1910) 1 0.07 2 0.48

Megaselia marekdurskii Disney, 1998 3 0.36 3 0.22

Megaselia meconicera (Speiser, 1925) s 1 0.14

Megaselia minuta (Aldrich, 1892) s 1 0.24 1 0.32

Megaselia monochaeta Strobl, 1892 11 1.51 17 2.02 16 1.16 2 0.48 4 1.26

Megaselia montseniensis Garcia-Romera, 2014 1 0.12

Megaselia nectergata Disney, 1999 1 0.14 3 0.36 1 0.07 9 215 5 1.58

Megaselia nigra (Meigen, 1830) p 3 0.41 15  1.09 1 0.24 1 0.32

Megaselia palmeni (Becker, 1901) 2 0.24 2 0.63

Megaselia pectoralis (Wood, 1910) s 204 2795 278 3298 423 30.74 16 3.83 8 2.52

Megaselia pectorella Schmitz, 1929 S 40 548 39 4.63 26 1.89

Megaselia pedatella (Schmitz, 1926) 3 0.41 4 0.47 17  1.24 1 0.24

Megaselia pleuralis (Wood, 1909) p 3 0.41 8 0.95 13  0.94 2 0.48

Megaselia plurispinulosa (Zetterstedt, 1860) f 1 0.12

Megaselia propinqua (Wood, 1909) 1 0.24

Megaselia pulicaria (Fallén, 1823) s 4 0.55 5 0.36 1 0.24

Megaselia pumila (Meigen, 1830) f 3 0.41 7 0.83 2 0.15 55 1316 46 14.51

Megaselia pusilla (Meigen, 1830) p 34 4.66 38 451 46 3.34 85 20.33 47 14.83

Megaselia rubella (Schmitz, 1920) f 1 0.14 3 0.36 5 0.36 1 0.24

Megaselia rufa (Wood, 1908) z 1 0.12

Megaselia ruficornis (Meigen, 1830) s 4 0.55 6 0.71 3 0.22

Megaselia rufifrons (Wood, 1910) s 1 0.14 1 0.07

Megaselia rufipes (Meigen, 1804) p 4 0.55 1 0.12 2 0.15 1 0.24

Megaselia rupestris Schmitz, 1934 1 0.07

Megaselia sarae Garcia-Romera, 2014 1 0.14

Megaselia scutellaris (Wood, 1909) f 3 0.41 5 0.59 26 1.89 3 0.72 2 0.63

Megaselia sericata Schmitz, 1935 4 0.55

Megaselia setulipalpis Schmitz, 1938 1 0.12

Megaselia simulans (Wood, 1912) 1 0.14 1 0.12

Megaselia sp1 1 0.14 2 0.24 1 0.24

Megaselia spinicincta (Wood, 1910) f 2 0.27

Megaselia spinigera (Wood, 1908) 1 0.12

Megaselia stichata (Lundbeck, 1920) 1 0.07 1 0.32

Megaselia stigmatica (Schmitz, 1920) 1 0.32

Megaselia striolata Schmitz, 1940 3 0.72 2 0.63

Megaselia subconvexa (Lundbeck, 1920) 1 0.14

Megaselia subfraudulenta Schmitz, 1933 3 0.41 3 0.36 12 0.87

Megaselia subfuscipes Schmitz, 1935 S 13 1.78 2 0.24 3 0.22 7 1.67

Megaselia subpalpalis (Lundbeck, 1920) 1 0.07

Megaselia subpleuralis (Wood, 1909) 48 6.58 19 225 345 25.07 1 0.24 2 0.63

Megaselia subtumida (Wood, 1909) s 9 1.23 8 0.95 4 0.29

Megaselia superciliata (Wood, 1910) 8 1.10 4 0.47 94 6.83 31 742 24 757

Megaselia sylvatica (Wood, 1910) f 2 0.27 1 0.07

Megaselia tarsalis (Wood, 1910) s 3 0.41 1 0.12 5 0.36 1 0.24

Megaselia teneripes Schmitz, 1957 1 0.14

Megaselia variana Schmitz, 1926 8 1.10 8 0.95 11 0.80 1 0.32

Megaselia vernalis (Wood, 1909) 3 0.41 5 0.59 12 0.87 4 1.26

Megaselia xanthozona (Strobl, 1892) 1 0.07 5 1.20 12 3.79

Metopina braueri (Strobl, 1880) 1 0.12

Metopina galeata (Haliday, 1833) S 2 0.27 2 0.15 18  4.31 6 1.89

Metopina heselhausi Schmitz, 1914 s 3 0.72 1 0.32

Phora atra (Meigen, 1804) s 1 0.14 1 0.32

Triphleba beatricis Garcia-Romera, 2014 2 0.27

Triphleba distinguenda (Strobl, 1892) s 3 0.41 6 0.71

Triphleba inaequalis Schmitz, 1943 2 0.27 6 0.44

Triphleba intempesta (Schmitz, 1918) 1 0.14 15  1.09 1 0.32

Triphleba intermedia (Malloch, 1908) 1 0.07 1 0.24 1 0.32

Triphleba opaca (Meigen, 1830) s 6 0.44 3 0.72 18 5.68

Triphleba papillata (Wingate, 1906) S 3 0.36 1 0.07 1 0.32

Triphleba trinervis (Becker, 1901) f 2 0.15

Triphleba ypsilon Carles-Tolrd & Garcia-Romera, 2011 2 0.24 3 0.22

were M. pectoralis, M. diversa, M. pusilla, M. basispinata,
M. superciliata and M. longicostalis.
Trophic groups

Larval habit is known for only about 50% of the spe-
cies collected. Saprophagous species made up the highest
number of species in all plots, followed by fungivorous
and the polyphagous species. The percentage of species in
the different trophic groups in beech forest and scrubland
was similar. The number of species in each trophic group
in both habitats was highly and positively correlated (r =

0.99, p =0.014) (Fig. 3a, b). However, in relation to num-
ber of individuals, saprophagous species were dominant in
beech forest, and about as abundant as polyphagous spe-
cies in scrubland (Fig. 3c, d), with no significant correla-
tion between habitats in the number of individuals in each
trophic group (r = 0.70; p = 0.302).

Density and species richness estimates

Scuttle fly density (ind'm*day') measured using win-
dow traps differed significantly in the two habitats (pseudo-
F =6.64, p=0.016) although no differences were found in
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Fig. 2. Dominance structure of the scuttle fy communities in beech

forest (a) and scrubland (b). Mean relative abundance of the spe-
cies in plots in each habitat (abundance >1%).

dispersion (p = 0.0097). Mean density was higher in beech
forest (especially in Dbf) than scrubland (Fig. 4).

Species accumulation curves for beech forest were non-
asymptotic, except for Dbf and Mbf, for which the ACE
curve was asymptotic or close to it, respectively (Fig. 5a,
b, ¢). The number of species recorded were similar in the
three beech forest plots. However, a higher number of spe-
cies was estimated for Mbf and Hbf than Dbf, and the ef-
ficiency of sampling was a little higher for Dbf than Mbf
and Hbf. The percentage of singletons was high in all plots,
so a high number of species were not captured (Table 3).

In scrubland, none of the species accumulation curves
for Jsc were asymptotic; however Chaol and Jack 2 were
asymptotic for Csc (Fig. 5d, e). The numbers of species
recorded were similar in the scrubland plots, although the
number estimated for Csc was higher than for Jsc, while
the efficiency of sampling effort was higher for Jsc than

Table 2. Species richness (S) and relative frequency (%) of each
dominance group in beech forest and scrubland.

Domi Beech forest Scrubland
ominance group S % S %
Eudominants 1 0.83 1 1.49
Dominants 1 0.83 3 4.48
Subdominants 7 5.79 9 13.43
Influential 7 5.79 5 7.46
Accesory 105 86.78 49 73.13

TOTAL 121 67
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Fig. 3. Percentage mean species richness of each trophic group in
beech forest (a) and scrubland plots (b). Mean relative abundance
of each trophic group in the beech forest (c) and scrubland plots

(d).

Csc. The percentage of singletons recorded for Csc was the
highest of all the plots (Table 3).

In summary, the observed and estimated species richness
and sampling effort efficiency were higher in beech forest
than scrubland.
a-diversity

Species richness was significantly higher in beech forest
than in scrubland (pseudo-F = 7.54, p = 0.03) and disper-
sion was homogeneous (F = 3.15, p = 0.079). The Shan-
non index (H’) was not significantly different for the two
habitats (pseudo-F = 0.267; p = 0.64), but comparison of
plots revealed that A’ was lower for Dbf than the other
plots. Shannon evenness (J) differed significantly between
habitats (pseudo-F = 8.61, p = 0.02), although dispersion
was not homogeneous (F =20.7, p<0.001). Evenness was

150

10,0

ind m-2 day-1

5.0 T '|'

44 35

0.0

T T T
Mbf Hbf Dbf Jsc Csc
Plot

Fig. 4. Mean density (ind m=2 day™") of the scuttle flies recorded
in the five plots in the two habitats. Vertical bars are standard er-
rors. Mbf — mesohumid beech forest, Hbf — humid beech forest,
Dbf — dry beech foest, Jsc — Juniperus scrubland, Csc — Calluna
scrubland.
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Fig. 5. Observed and estimated species accumulation curves for scuttle flies as a function of the cumulative number of samples (based on
100 randomizations) in the five plots studied: mesohumid beech forest (a), humid beech forest (b), dry beech forest (c), Juniperus scrub-
land (d) and Calluna scrubland (e). The ICE and Chao 2 estimators are not included as they are unstable and do not result in asymptotic
curves.

Table 3. Estimated species richness quantified using different estimators for the five plots studied.

Mbf Hbf Dbf Jsc Csc
S % S % S % S % S %

Observed 80 78 77 48 51

Individuals 730 843 1,376 418 317

Singletons 26 32.50% 25 32.05% 24 31.16% 18 37.50% 24 47.05%
ACE 106.81 74.90% 101.64 76.74% 96.69 79.64% 73.39 65.40% 94.11 54.19%
ICE 122.84 65.13% 112.25 69.49% 102.19 75.35% 74.09 64.79% 92.25 55.28%
Chao 1 104.14 76.82% 109.25 71.40% 103.18 74.63% 80.4 59.70% 87 58.62%
Chao 2 118.53 67.49% 114.57 68.08% 98.13 78.47% 75.56 63.53% 73.53 69.36%
Jack 1 112.38 71.19% 108.48 71.90% 101.76 75.67% 68 70.59% 75.76 67.32%
Jack 2 130.25 61.42% 125.4 62.20% 111.53 69.04% 80.12 59.91% 86.39 59.03%
Bootstrap 94.58 84.58% 91.7 85.06% 88.9 86.61% 56.92 84.33% 62.28 81.89%

Number of observed and estimated species (S) and percentage of species captured and singletons compared to the estimated number of
species (%). Mbf — mesohumid beech forest, Hbf — humid beech forest, Dbf — dry beech forest, Jsc — Juniperus scrubland, Csc — Calluna
scrubland.
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Fig. 6. Cluster analysis of sites using the Bray-Curtis similarity
index. Dotted line indicate clusters that were significantly similar in
the SIMPROF analysis.

higher in scrubland than beech forest. Dbf plot had the
lowest evenness (Table 4).
B-diversity

The cluster analysis separated plots into two groups, the
first included the plots in the beech forest and the second
those in scrubland. However, the Dbf plot was separated
from the other two beech forest plots by the SIMPROF test
(Fig. 6). The PERMANOVA analysis of Bray-Curtis simi-
larity revealed significant differences between both habi-
tats (p = 0.0001) and homogeneous dispersion (p = 0.63),
supporting the results of the Cluster analysis.

According to the SIMPER analyses, the species that
contributed most to the similarity of the different plots in
beech forest were Megaselia pusilla, M. diversa, M. fla-
vicans, M. longicostalis, M. lata, M. angusta and Diplo-
nevra florescens (Table 5). The two-dominant species in
this habitat, M. pectoralis and M. subpleuralis, were not
included on this list because their abundances in the plots
were very different.

The species that contributed most to the similarity be-
tween the two plots in scrubland were Megaselia pusilla,
M. pumila, M. diversa, M. brevicostalis, M. longicostalis,
Metopina galeata and Diplonevra nitidula (Table 6). The
species that contributed most to the differences in species
composition of the scuttle fly communities in the two habi-
tats, were Megaselia pumila, M. brevicostalis, Triphleba
opaca and Metopina galeata, which are dominant in scrub-
land, and Diplonevra florescens, M. lata, M. flavicans and
M. subtumida, which are dominant in beech forest (Table
7).

DISCUSSION

The structure of scuttle fly communities were signifi-
cantly different in the beech forest and scrubland studied.

Table 4. Summary values of species richness (S), number of indi-
viduals (N), Shannon index (H’) and evenness (J’) of 16 fortnightly
samples for the five plots studied.

Plot S N H' J'

Mesohumid beech forest 78 728 3.20 0.73
Humid beech forest 79 844 3.03 0.69
Dry beech forest 75 1351 2.55 0.59
Juniperus scrubland 47 415 2.98 0.77
Calluna scrubland 50 310 3.08 0.79
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Table 5. Results of SIMPER analysis of the beech forest plots.
The species are ordered based on the percentage they contribute
to average similarity.

Beech forest species Avg.  Avg. % %
Abund Simil Contribution Cumulated

Megaselia pusilla 6.26 6.67 10.09 10.09
Megaselia diversa 6.10 6.54 9.89 19.99
Megaselia flavicans 433 449 6.79 26.78
Megaselia longicostalis 4.73  4.19 6.33 33.11
Megaselia lata 427 4.03 6.10 39.21
Megaselia angusta 3.94 345 5.21 44.43
Diplonevra florescens  4.98  2.90 4.39 48.82

Megaselia subtumida 261 255 3.85 52.67
Megaselia pleuralis 272 236 3.57 56.24
Megaselia scutellaris 3.02 213 3.23 59.47
Megaselia ruficornis 206 2.04 3.09 62.56

Avg. Abund — square-root transformed average abundance; Avg.
Simil — average Bray-Curtis similarity between pairs of plots; %
Contribution — percentage contribution of each species to similar-
ity between plots; % Cumulated — cumulated percentage of con-
tribution (cut-off percentage: 60%).

In accordance with our hypothesis, the percentage, density
and species richness of scuttle flies was higher in beech
forest than scrubland. In contrast, evenness was lower in
beech forest than in scrubland due to the high dominance
of a few specialised saprophagous species, while general-
ist species dominated in scrubland. These differences in
scuttle fly communities can be attributed to differences in
vegetation and microclimatic in the two habitats. Because
the scrubland is at a higher altitude than the beech forest
it was more windy and colder there than the beech forest
(Roda, 1983; Boada, 2001). Similarly, deciduous forests
with acid soil usually have a thicker soil litter layer with
more decaying plant matter than scrubland, which favours
Diptera with saprophagous larvae (Terrades, 1984; Hove-
meyer, 1991). The saprophagous Megaselia pectoralis,
Megaselia diversa, M. pectorella and Diplonevra flore-
scens contributed most to the dominance of this trophic
group in the beech forest. The thin litter layer together with
a higher species richness of herbaceous plants and shrubs
in scrubland relative to beech forest (Bolds, 1983; Boada,
2001) may provide a greater diversity of resources for scut-
tle flies. This might account for the higher abundance of
generalists and evenness of trophic groups in scrubland
than beech forest. The dominant species in scrubland were
the polyphagous M. pusilla and mycophagous M. pumila,

Table 6. Results of SIMPER analysis of the scrubland plots. The
species are ordered based on their percentage contribution to av-
erage similarity.

. Avg.  Avg. % %
Scrublands species Abund Simil Contribution Cumulated
Megaselia pusilla 8.04 11.36 16.04 16.04
Megaselia pumila 710 11.24 15.87 31.90
Megaselia diversa 524 829 11.70 43.60
Megaselia brevicostalis 4.23  6.42 9.06 52.66
Megaselia longicostalis 3.52  5.24 7.40 60.06
Metopina galeata 3.35 4.06 5.73 65.79
Diplonevra nitidula 3.67 3.71 5.23 71.02

Avg. Abund — square-root transformed average abundance; Avg.
Simil — average Bray-Curtis similarity between pairs of plots. %
Contribution — percentage contribution of each species to similarity
between plots. % Cumulated — cumulated percentage of contribu-
tion (cut-off percentage: 70%).
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Table 7. Results of SIMPER analysis of beech forest and scrubland plots. The species are ordered based on their percentage contribution

to average dissimilarity between habitats.

Beech forest Scrubland

Species Av. Abund Av. Abund Av. Dissimil % Contribution % Cumulated
Megaselia pumila 1.93 71 3.46 6.33 6.33
Diplonevra florescens 4.98 0.5 2.95 5.39 11.73
Megaselia lata 4.27 0 2.87 5.24 16.97
Megaselia flavicans 4.33 0.5 2.55 4.67 21.64
Megaselia brevicostalis 1.14 4.23 2.08 3.81 25.44
Megaselia subtumida 2.61 0 1.74 3.19 28.63
Triphleba opaca 0.82 2.99 1.63 2.98 31.61
Metopina galeata 0.94 3.35 1.58 2.89 34.50
Megaselia giraudii 2.09 0 1.39 2.54 37.04
Megaselia pleuralis 2.72 0.71 1.38 2.52 39.56
Megaselia ruficornis 2.06 0 1.38 2.52 42.08
Megaselia mallochi 0.33 23 1.28 2.34 44.42
Megaselia angusta 3.94 2.29 1.27 2.32 46.74
Diplonevra nitidula 3.15 3.67 1.2 2.20 48.94
Megaselia pusilla 6.26 8.04 1.16 2.1 51.05
Megaselia subfuscipes 2.25 1.32 1.12 2.04 53.09
Conicera floricola 1.63 0 1.07 1.96 55.05
Diplonevra funebris 0 1.57 1.06 1.94 56.98
Megaselia nigra 1.87 1 1.04 1.91 58.89
Megaselia scutellaris 3.02 1.57 1 1.82 60.72

Av. Abund - square-root transformed average abundance; Av. Dissimil — average Bray-Curtis dissimilarity between pairs of plots in differ-
ent habitats; % Contribution — percentage contribution of each species to dissimilarity between plots. % Cumulated: cumulated percentage

of contribution (cut-off percentage: 60%).

while the abundance of saprophagous species was lower
in beech forest (Fig. 3). Mycophagous species are also
more frequent in clear-cuts than in old-growth pine forest
(Durska, 2013). Finally, the frequency of flower-visiting
species (M. pumila, M breviscostalis, D. nitidula, M. lon-
gicostalis, Triphleba opaca and M. xanthozona) (Disney,
1994) was higher in scrubland than beech forest, which is
most likely related to the higher abundance and diversity
of insect-pollinated plants in scrubland than beech forest
(Bolos, 1983; Boada, 2001).

Overall, scuttle fly species composition was significantly
different in the habitats, but was similar among plots with-
in the same habitat. However, interestingly, the Dbf plot
had higher abundance and lower evenness than the more
humid beech forest plots. These differences are most likely
due to the higher cover of herbaceous plants in Dbf than in
the more humid beech plots. A higher cover of herbaceous
plants might enhance the conditions for egg laying or shel-
tering and overwintering for Diptera. A slightly positive
effect of the herbaceous plant cover on scuttle fly relative
abundance is also reported for other European beech for-
ests (Scherber et al., 2014).

The percentage of scuttle flies relative to other Diptera in
the Montseny beech forest was 8.1%, which is similar or
higher than the values reported for other European beech
forests on acid soil in which scuttle flies were sampled
using emergence traps (Altmiiller, 1976, 1979; Hévemeyer,
1984, 1991; Ascaso, 1989; Buck, 1994). Notably, the per-
centage of scuttle flies in beech forest in which water traps
and suction samples were used (Scherber et al., 2014) was
higher (25%) than in the Montseny beech forest. This indi-
cates that the percentage of scuttle flies recorded depends
on the sampling method used. Likewise, the percentage of
scuttle flies in the Montseny beech forest was in general
higher than in European coniferous forests (Mollon, 1982;

Olechowicz, 1984, 1988; Hovemeyer, 1991), but lower
than in riverine forest (Buchs, 1983, 1988; Buck, 1997).
In relation to the Montseny scrubland, the percentage
of scuttle flies relative to other Diptera (5.1%) was lower
than that reported for other open-area habitats. Most stud-
ies on scuttle flies in open-area habitats have been done in
crops and meadows (Hovemeyer, 1991; Buck, 1994, 1997;
Weber & Prescher, 1995). These habitats are rich in de-
cayed soil organic matter and some are routinely fertilized,
which can increase the abundance of saprophagous larvae.
Species dominance structure differed in the two habitats.
It also seems to differ from that reported for other similar
European habitats. On the one hand, Megaselia pectoralis
and M. subpleuralis, which were the dominant species in
the Montseny beech forest, have low relative abundanc-
es in other European forests (Durska, 1996, 2001, 2009,
2013; Prescher et al., 2002; Brenner, 2005, 2008; Durska
etal., 2010; Bonet et al., 2011; Scherber et al., 2014), Simi-
larly, Megaselia diversa, M. pectorella and Diplonevra flo-
rescens, which were subdominant in the beech forest, have
low relative abundances in other European forests (Durska,
1996, 2009, 2013; Buck, 1997; Weber & Schiegg, 2001;
Prescher et al., 2002; Brenner, 2005; Durska et al., 2010;
Zmihorski & Durska, 2010; Bonet et al., 2011; Scherber
et al., 2014; Disney, 2015), except for a few coniferous
forests where these species are dominant or subdominant
(Durska, 2001, 2013; Brenner, 2002; Durska et al., 2010).
The rest of the subdominant species in the Montseny beech
forest (M. pusilla, M. longicostalis, M. basispinata and
M. superciliata) are usually rare in other European forest
(Durska, 1996, 2001, 2013; Durska et al., 2010; Zmihorski
& Durska, 2010; Bonet et al., 2011; Disney, 2015). On the
other hand, the dominant species in scrubland, Megaselia
pusilla, M. pumila, M. diversa and M. superciliata, are sub-
dominant or accessory in other open-area habitats in Europe
(Disney et al., 1981b; Prescher et al., 2000; Durska, 2001,
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2006, 2013; Brenner, 2003), except for M. pusilla, which it
is also dominant in pastures and crops in Switzerland and
England (Disney et al., 1981b; Prescher et al., 2000). M.
brevicostalis and Triphleba opaca, which are characteristic
of open-area habitats and colonists of disturbed areas re-
sulting from clear-cutting or wildfires in forests (Durska et
al., 2010; Durska, 2013, 2015) were subdominant in scrub-
land and rare in beech forest. M. brevicostalis is recorded
in very different habitats, such as wheat and alfalfa fields
(Disney, 1994), meadows, pine, spruce, chestnut and ripar-
ian forests, and also in saline habitats (Prescher, 1992; Dur-
ska, 2001, 2009; Prescher et al., 2002; Durska et al., 2005;
Bonet et al., 2011). The rest of the subdominant species in
scrubland, are accessory or absent in other open-area habi-
tats in Europe (Disney et al., 1981b; Prescher et al., 2000;
Brenner, 2003, 2005, 2008; Durska et al., 2010), except
for Diplonevra nitidula that is dominant or subdominant in
grasslands and crops (Disney, 1980; Disney et al., 1981b;
Prescher, 1992; Buck, 1994).

The efficiency of the sampling effort was higher in beech
forest than scrubland. The range of inventory complete-
ness (i.e. ratio of the observed richness and Chao 1) for
the Montseny beech forest plots was higher (71-77%) than
that recorded in mixed coniferous and deciduous forests in
Sweden (60—67%) for Megaselia species and none of the
estimators were asymptotic (Bonet et al., 2011). The differ-
ent sampling method used (Malaise traps) in the survey of
Bonet et al. (2011) could explain the lower inventory com-
pleteness. In contrast, the range of inventory completeness
for the Montseny scrubland plots was lower (58—60%) than
that recorded for open-area habitats after wildfires (72—
81%), for which there are asymptotic curves (Bonet et al.,
2011). Differences among studies may be explained by the
fact that the wildfire areas sampled by Bonet et al. (2011)
were at different sites, each with its own species compo-
sition. In addition, the high amount of dead wood after a
wildfire could have increased the soil-inhabiting species
richness, making the use of Malaise traps more effective.

In conclusion, Mediterranean mountain beech forest and
scrubland differ in their scuttle fly community structure.
Percentage, density and species richness of scuttle flies was
higher in beech forest than scrubland, while evenness was
lower in beech forest than scrubland due to higher domi-
nance of generalist species in scrubland and the specialized
saprophagous species in beech forest. These differences
support the idea that the Phoridae are a suitable bioindica-
tor for comparative and evaluative surveys of ecologically
distinct habitats. Future studies should assess other habitats
at lower altitudes in the Montseny Natural Park in order to
determine the distribution of scuttle fly species, especially
in holm oak forest, which is the largest habitat in the area.
Specifically, it would be interesting to know if the general-
ists M. pusilla and M. longicostalis, which have polypha-
gous larvae and are widely distributed in the beech forest
and highland scrubland studied, are also present in other
habitats in the Natural Park.
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