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 Introduction

Multiple species groups can be defined from different
rspectives, which led to the introduction of a complex
rminology in community ecology [1]. Community is used

 simply indicate groups of organisms living in the same
ace at the same time. A community is therefore not
stricted by phylogeny or resource use. Restriction by
ylogeny or resources, or both, is described by alternative

rms. Guilds are groups of species (without regard to
xonomy position) that exploit the same class of

environmental resources in a similar way. A phylogeneti-
cally bounded group of species that use a similar set of
resources within a community forms an ‘‘ensemble’’ [2–5].

Studies in insect multispecies groups have been largely
addressed to investigate communities, and very rarely
guilds, because the lack of adequate single species
ecological information makes it difficult to group species
into guilds [6,7 – as examples regarding beetles]. Even
more difficult is to study ensembles, because this implies
to study a group of species that: (i) belong to the same
taxon (e.g. to a given family); (ii) are synchronically
present in the same place; and (iii) are comparable in their
ecology. Thus, the study of ensembles has received less
attention in comparison with community and guild studies
[3,4], and – as far as we know – no study has been
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A B S T R A C T

Few studies have investigated insect ensembles, i.e. phylogenetically bounded groups of

species that use a similar set of resources within a community. The zonation of dune

vegetation makes these ecosystems ideal for the study of insect ensembles in a short space.

In this study, we investigated if the tenebrionid beetles forming an ensemble on a dune

zonation showed variations in community organization (relative abundances and species

diversity) in different but spatially associated biotopes defined by different plant

communities. Three biotopes (corresponding to European Commission habitat 2110, 2120

and 2230) of a well-preserved Mediterranean dune were sampled using square plots of

2 � 2 m at three places. To investigate if there was some association between species and

habitat we applied a x2 test. Variations in community structure parameters were

investigated using Shannon index. The three biotopes host tenebrionid communities with

similar species composition and overall abundances, confirming that they form a single

ensemble. However, tenebrionid species are differently associated with different biotopes

along the zonation, with some species occurring with different proportions among the

biotopes. A local selection process can be postulated as a mechanism responsible for these

differences.
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ttempted to investigate if structural parameters (i.e.
elative abundances of species and diversity) of a given
nsemble can be tuned by small grain spatial variation in
nvironmental characteristics.

The tenebrionid beetles (Coleoptera Tenebrionidae)
habiting Mediterranean sand dunes offer such an
triguing opportunity. Several aspects make these ani-
als excellent model organisms for ensemble studies.

irst, tenebrionids belong to a monophyletic taxon, so they
rm a phylogenetically bounded group. Second, they are

bundant and fairly easy to sample on coastal dunes, which
akes it possible to obtain sufficiently large samples of
dividuals in short time even in small sampling plots. A

ynchronous sampling from small areas is important to
nsure that the sampled species belong to the same spatial
nd temporal community. Also, it is important that
ampling of different biotopes is conducted synchronically

 avoid that differences among biotopes are in fact a result
f temporal differences in insect activity (e.g., day versus

ight or spring versus summer). Finally, tenebrionids living
n coastal dunes are detritivorous and opportunistic
nimals, and competition in these insects is considered
ot an important driver of community organization [see 8
r an extensive discussion]. In general, dune ecosystems
clude an outstanding ecological diversity in terms of

nvironmental heterogeneity and species composition
,10]. Furthermore, the dynamic nature of sandy coastal

abitats and the strong zonation patterns exhibited by the
egetation make dune communities ideal systems for the
tudy of changes of tenebrionids ensembles in a short
pace.

In this study, we investigated if the tenebrionid beetles
rming an ensemble on a Mediterranean coastal dune

onation showed variations in spring community organi-
ation (relative abundances and species diversity) in
ifferent, but spatially strictly associated, biotopes [11]
efined by different plant communities.

. Material and methods

.1. Study area and data collection

Sampling was done along three vegetation transects on
 coastal sand dune system in Central Italy, near Montalto
arina (Latium region) during spring (May 2012). As

utlined in previous ecological investigations [12], the
tudy area is characterized by a good conservation status
nd the three vegetation transects share similar physical
ettings. Coastal zones are under severe human pressures,
hich may alter profoundly the structure of insect

ommunities [8]. To minimize the possibility that ob-
erved patterns are the result of anthropogenic influence
e selected our sampling areas among the less disturbed

oastal zones in Latium.
Each vegetation transect included three plots. Each plot

elongs to a different biotope as defined by European
ommission [13,14] (in parentheses EC codes): Embryonic
hifting dunes (2110); Shifting (white) dunes along the
horeline with Ammophila arenaria (2120); Malcolmietalia

une grasslands (2230). The three biotopes were identified

in the field following the dominant and diagnostic plant
species as indicated by the Habitat Directive Interpretation
Manual [15]. Given that a natural stress gradient develops
along the sea-inland profile and gives rise to a vegetation
zonation in a short space, these three biotopes are typically
disposed perpendicularly to the seashore and virtually
contiguous. In particular, the biotope corresponding to EC
habitat 2110 is closer to the sea, the biotope corresponding
to EC habitat 2120 follows inland and the biotope
corresponding to EC habitat 2230 is the most inland
[16,17].

For the present study, in each transect, the three
biotopes (EC habitats 2110, 2120 and 2230) were sampled
using square plots of 2 � 2 m placed at distance of about
10 m. Within each plot, beetles were collected by hand for
a standard time of 20 minutes. A total of 12 trained
students were involved in beetle sampling. Students were
randomly divided into three groups of four students. In
each transect the three biotopes were sampled simulta-
neously by four students per plot. Students groups also
rotated among transects. In this way, a student group,
which sampled one biotope in the first transect, sampled
another biotope in the second transect, and another
biotope again in the third transect. All three biotopes
were therefore sampled by all three groups, albeit in
different transects.

In each plot, students were instructed to first collect all
beetles that moved on the ground, to reduce the risk that
escaping animals abandoned the plot before being
sampled. Then, the four students moved from the four
angles of the square towards the centre collecting all
animals they were able to find. Insect sampling was done
by conscientiously searching for beetles on the grounds,
under leaves, and sieving sand at the base of the plants. To
establish an adequate sampling time, we conducted a
preliminary sampling in a 2 � 2 m plot placed in a biotope
corresponding to the EC 2120 habitat. This preliminary
sampling section was conducted by two expert entomol-
ogists who collected beetles until no further individual was
found. This preliminary sampling required about 10 min-
utes. Thus, 20 minutes with four persons was considered a
sufficient time to collect virtually all tenebrionid individ-
uals occurring in a plot.

To minimize the sacrifice of animals, large sized
tenebrionids (Pimelia, Erodius, and Tentyria) were placed
into tubes, identified by an expert taxonomist, and
released close to the sampling plot after all plots of the
same site were sampled. Small sized tenebrionids were
instead identified in the laboratory.

A further sampling performed during the summer (July
2012) confirmed that the highest activity and diversity of
tenebrionids beetles on coastal dunes are mainly concen-
trated in spring [8], probably because of more suitable
climatic conditions (lower temperature and higher soil
moisture during spring).

2.2. Data analysis

We used a main effect ANOVA to investigate the first
order effects of plant association, site and species identity
on tenebrionid abundances. Numbers of individuals were
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uare root transformed before ANOVA to normalize their
stribution. This preliminary analysis allowed us to test if
ean abundances varied significantly among transects.
cause we were interested in the habitat-tenebrionid
lationships, and there was no significant effect of
nsect, we pooled species numbers collected in the

me biotope of the three transects.
To investigate if there was some association between

ecies and habitat (i.e. if species occur with different
oportions in different biotopes) we applied a x2 test to a
ecies � biotope contingency table pooling data from the
ree transects. After this overall x2 test, we used single
ecies x2 tests to assess if species abundances in the
ree biotopes deviated significantly from a uniform
stribution.

Variations in community structure parameters
ong the tenebrionid ensembles of the three biotopes

ere investigated using Shannon diversity index:

¼ �
P ni

n ln ni
n

� �
, where ni is abundance of species i and

is the overall abundance. H ranges from 0 (one species
minates the community completely) to high values for
mmunities with many species, each with few individuals
8]. For comparative purposes we also used both Margalef
hness index (Mg = (S � 1)/ln(n), where S is the number of
ecies) and Berger-Parker dominance index (number of
dividuals in the dominant taxon divided by n) [19].

To compare diversity indexes of tenebrionid ensembles
 different biotopes, a bootstrapping procedure was
plied in pairwise tests. The two samples in a pairwise
mparison A and B were initially pooled. Then, 1000
ndom pairs of samples (Ai, Bi) were taken from this pool,
d a diversity index was calculated for each replicate pair

ith the same numbers of individuals as in the original two
mples. The probability of obtaining the observed
fference by random sampling from a unique parental
pulation was calculated as the number of times that the
solute difference of the indexes of a replicate pair
ceeded or equaled that of the original samples. A P

qual) < than 0.05 was assumed to indicate a significant
fference in diversity index between the two samples.
lculations were done using PAST [19].

 Results

We found an association between species abundances
d biotopes (x2 = 23.436, df = 10, P = 0.009), which indi-
tes that species occur with different proportions in the
ree sampled biotopes (Fig. 1). Separate x2 tests for
iform distributions revealed that Pimelia bipunctata
2 = 10.5, df = 2, P = 0.005) occurred with different abun-
nces in the three biotopes. A significant value was also
und for Trachyscelis aphodioides (x2 = 6, df = 2, P = 0.05)
t the low number of sampled individuals suggests some
ution in accepting this result. Also there is an indication
at abundance of Erodius siculus varied among biotopes
2 = 5.30, df = 2, P = 0.071). Ammobius rufus showed

ilar abundances in the three biotopes (x2 = 4.17,
 = 2, P = 0.124), and the other species were not tested
cause of the small number sampled individuals.
Shannon diversity peaked in the biotope corresponding

this biotope than in those corresponding to EC habitats
2110 (H’ = 1.13, P = 0.042) and 2230 (H’ = 1.11, P = 0.009),
whereas the biotopes corresponding to EC habitats 2110
and 2230 were no significantly different (P = 0.925) in their
tenebrionid diversity.

Margalef richness index peaked in the biotope corre-
sponding to EC habitat 2120 (Mg = 1.365), being significant-
ly higher in this biotope than in EC habitat 2230 (Mg = 0.76,
P = 0.014) but not with respect to EC habitat 2110
(Mg = 0.948); the biotopes corresponding to EC habitats
2110 and 2230 were marginally different (P = 0.047) in their
tenebrionid richness. Berger-Parker dominance index de-
creased from EC habitat 2110 (BP = 0.603) to EC habitat 2230
(BP = 0.491) to EC habitat 2120 (BP = 0.436), but no
significant difference was detected.

4. Discussion

The three dune biotopes, the object of the present study,
host spring tenebrionid communities with similar species
composition and overall abundances. This confirms that
tenebrionids found in the three coastal dune habitats form
a single ensemble. However, tenebrionid species are
differently associated with different biotopes along the
coastal zonation, with some species occurring with
different proportions among the three biotopes, showing
some habitat selection. Because species relative abun-
dances varied among biotopes, biotopes with different
plant associations also differ in tenebrionid community
structure, although all biotopes share similar values of
species richness and overall abundances. Thus, the same
basic tenebrionid ensemble can lead to different commu-
nity organizations even in very close biotopes. Preliminary
data on the vegetation structure of the three biotopes
investigated here indicate that those corresponding to EC
habitats 2110 and 2230 have a lower vegetation cover (40–
50%) than that corresponding to EC habitat 2120 (60–80%).
This seems correlated with the highest tenebrionid

Fig. 1. Proportion of tenebrionid species among three biotopes on a

Mediterranean dune during spring. The biotopes correspond to three

different European Commission (EC) habitats (A – habitat 2110, B –

habitat 2120, C – habitat 2230). Number of sampled individuals: n = 68 for

EC habitat 2110, n = 39 for EC habitat 2120, and n = 53 for EC habitat 2230.
versity found in the EC habitat 2120. Previous research
 EC habitat 2120 (H’ = 1.52), being significantly higher in di
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howed that tenebrionids of coastal environments tend to
e distributed across a variety of plant communities, from
e seashore (EC habitat 1210) to the high maquis (EC

abitat 2260), but with different abundances, thus
howing more or less strict preferences for particular
une habitats [8,20]. Therefore, communities that are
omposed of the same species may have different
tructural parameters if a given species is represented
ith different abundances in different biotopes. In general,
e EC habitats 2110 and 2230 seem to host tenebrionid

ommunities with similar diversity, whereas the EC
abitat 2120 seems characterized by a differently orga-
ized community.

It has been recently demonstrated that biotopes
eparated by less than 10 km, but with strong differences

 soil characteristics, host tenebrionid communities with
imilar species composition but very different community
tructures, and local selection mechanism has been invoked,
uggesting that soil characteristics regulated species
bundances [21]. Our study suggests that a local selection
rocess may also operate at a much smaller spatial scale,
ading to differences in species proportions (and commu-
ity diversity) even among very close biotopes (coastal dune
abitats separated by few meters). The driving factor(s)
esponsible for such differences in dune biotopes are still
lusive. However, the higher plant cover and more complex
ertical structure typical of the habitat 2120 [22], together
ith a probably higher litter production may be all key
ctors promoting a higher tenebrionid diversity.
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