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ABSTRACT. The patterns of diversity and abundance of the carrion insect species in the different habitats of the Natural Park “Hoces
del Rio Riaza” (central Spain) were studied with the use of carrion-baited traps. Representativeness of the inventories was assessed
with the calculation of randomized species richness curves and nonparametric estimators. Coleoptera families, Silphidae and
Dermestidae, and Diptera families, Calliphoridae and Muscidae, were dominant in every sampling habitat, but differences in the
patterns of diversity and abundance were found. Lusitanian oakwood and riparian forest were the most diverse habitats with high
abundance of saprophagous species, whereas more open (i.e., exposed to continuous sunlight during the day) habitats showed lower
diversity values and a different species composition and distribution of species abundance, favoring thermophilous species and
necrophagous species with high tolerance to different environmental conditions. Differences in the bioclimatical features of the sam-
pled habitats are suggested to explain the composition and diversity of the carrion insect assemblages in different environments.
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Every natural environment contains three kinds of organisms whose in-
teractions keep the ecosystem in working order: producers, consumers,
and decomposers. The last group includes those organisms that feed on
organic fecal matter as well as decaying plant and animal remains.
Decomposing organic matter such as carrion is an ephemeral but valu-
able food source for different organisms (Barton et al. 2013), among
which arthropods represent the most diverse and abundant group asso-
ciated with this kind of resource (Braack 1987). Carrion supports high-
diverse communities of coexisting insect species, which exploit the
same resource (Woodcock et al. 2002); nevertheless, insects visiting
carrion can exploit this resource in many different ways. In this sense,
Leclercq (1978) and Braack (1987) distinguished four categories of car-
rion-attendant arthropods according to their kind of use of such re-
source: 1) necrophagous, i.e., those species that feed directly on
carcasses and usually complete their life cycle on them, including
both sarcophagous (those consuming flesh and soft tissues) and derma-
tophagous species (those consuming skin and dry tissues); 2) necrophi-
lous, i.e., those species that are predators of necrophagous insects
(mainly Diptera larvae), including also parasitoid species; 3) sapropha-
gous, i.e., those feeding on decomposing organic matter but usually
not completing their life cycle on a carcass; and 4) opportunistic or
casual, i.e., those using the carcass as a refuge or those having a nonne-
crophagous diet but occasionally obtaining nutrients from carrion as a
food supplement. Moreover, several studies have shown habitat to af-
fect the species composition and succession patterns of insects associ-
ated with carrion (Goff 1991, Anderson and VanLaerhoven 1996).
Also, species abundances differ among habitats (Martin-Vega and Baz
2012, 2013), so each habitat can be typified by different dominant
species.

A correct management of natural resources involves their study to
obtain a better knowledge of their dynamics and composition. This arti-
cle assesses the species richness and diversity patterns of carrion insects
in a protected natural area in central Spain. The representativeness of
the inventories, the species composition, and the observed diversity pat-
terns within the different habitats of the study area are considered and
discussed.

Materials and Methods

The aim of this study was to invent the sarcosaprophagous insect
fauna of the Natural Park “Hoces del Rio Riaza” (Segovia Province,
central Spain), a protected area of 5,185 Ha around the Riaza river. The
main vegetation of the park consists in riparian forests, although it can
also be found in other types of forests. Concretely, there are five main
representative habitat types in the park: 1) herbaceous and shrub vege-
tation, 2) juniper forest (Juniperus thurifera L.), 3) holm oakwood
(Quercus ilex L. ssp. ballota (Desf.)Samp), 4) Lusitanian oakwood
(Quercus faginea Lamarck), and 5) riparian forest (Populus nigra L.).
Two sites for each habitat were selected, resulting in a total of 10 sam-
pling sites (Fig. 1). Detailed information on the locations and bioclimat-
ical features of the sampling sites are listed in Table 1. Climatic data
were obtained from Ninyerola et al. (2005), and they represent the an-
nual maximum, minimum, and mean temperature, as well as the total
rainfall (Table 1). Moreover, a thermometer was installed next to each
trap, registering minimum and maximum temperatures between sur-
veys. Average minimum and maximum temperature and the mean tem-
perature during the whole sampling period as registered by
thermometers are listed in Table 1.

Sarcosaprophagous insects were collected using carrion-baited
traps, modified from the design of Morén and Terrén (1984) as de-
scribed by Baz et al. (2007). Traps were baited with squid, which has
been shown to be very effective in attracting necrophagous insects
(Newton and Peck 1975), semiburied in the ground, and protected from
vertebrate scavengers with a perimeter of stones. One carrion-baited
trap was installed at each site. Traps were operated 15 d each month
from June to September 2007; thus, a total of 36 samples were obtained
at the end of the survey as 4 samples were destroyed, probably by wild
animals. Moreover, to determine whether some species were acciden-
tally collected by the traps and not attracted to carrion, an identical but
unbaited trap was installed next to each carrion-baited trap. The col-
lected specimens were either preserved in 80% ethanol or oven dried
and pinned, and deposited in the collection of the Department of Life
Sciences of the University of Alcala. Collected nonsarcosaprophagous
insects (i.e., opportunistic or casual species) have not been considered
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Fig. 1. Map showing the study area with an indication of the sampling sites. HERBSH, herbaceous and shrub vegetation; JUNIP, juniper forest;
HOLM, holm oakwood; LUSIT, Lusitanian oakwood; RIPFOR, riparian forest.

Table 1. Description of the localities sampled

Habitat UTM coordinates Elevation Temp (°C) Temp (°C) Temp (°C) Total Temp T (°C) Temp T (°C) Temp T (°C)
(m) mean max min. rainfall mean max min.
HERBSH-1 30T 446440, 4599328 996 12 18 5 521 21.77 38.77 4.78
HERBSH-2 30T 446756, 4598380 1,050 11 18 5 451 21.85 39.71 4
JUNIP-1 30T 449536, 4598040 1,081 11 17 5 517 22 40.7 33
JUNIP-2 30T 449212, 4598128 1,057 11 17 5 499 22.32 40.07 4.57
HOLM-1 30T 450328, 4599426 901 12 18 6 520 244 43 5.8
HOLM-2 30T 451196, 4599034 902 12 18 6 521 22.8 40.1 5.5
LUSIT-1 30T 456652, 4598028 973 12 18 5 454 22.69 40.38 5
LUSIT-2 30T 456171, 4597179 930 12 18 5 453 21.33 37.75 4.92
RIPFOR-1 30T 452051, 4598944 903 12 18 5 476 21.88 38 5.77
RIPFOR-2 30T 453316, 4598375 899 12 18 6 468 22.32 38.21 6.43

Average minimum and maximum temperature and the mean temperature registered by installed thermometers (temp T) are also included. The numbers 1
and 2 indicate the two sites selected for each habitat. HERBSH, herbaceous and shrub vegetation; JUNIP, juniper forest; HOLM, holm oakwood; LUSIT, Lusitanian

oakwood; RIPFOR, riparian forest.

in this study, but their captures were discussed in a previous article (Baz
etal. 2010).

Species richness was estimated in every sampling site to deter-
mine whether the observed species richness was representative
enough of the total number of species. Species richness was esti-
mated from the samples by nonparametric methods (Colwell and
Coddington 1994). Six nonparametric estimators were used: abun-
dance-based coverage estimator (ACE), incidence-based coverage es-
timator (ICE), jackknife 1, jackknife 2, Chao 1, and Chao 2. ACE is
based on the proportion of abundant species (those with >10 col-
lected individuals) and rare species (those with <10 collected indi-
viduals), whereas ICE is based on the proportion of frequent species
(those collected in >10 sampling units) and infrequent species (those
collected in <10 sampling units; Magurran 2004). Jackknife 1 esti-
mator is based on the number of species that occur in only one sam-
ple (uniques), whereas jackknife 2 and Chao 2 estimators are based
on the number of species that occur in only one sample (uniques),
as well as the number that occur in exactly two samples (duplicates;
Colwell and Coddington 1994). On the other hand, Chao 1 estimator
is based on the number of observed species that are represented by
only one individual (singletons) and the number that occur with
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exactly two individuals (doubletons; Colwell and Coddington 1994).
Randomized accumulation curves of observed species richness using
the Mao Tau estimator and different estimators were calculated for
each sampling site using EstimateS software (Colwell 2005). One
hundred randomizations were always used. Inventory completeness,
defined as observed species richness in relation with estimated rich-
ness (Cardoso et al. 2009), was calculated using nonparametric
estimations.

In addition to species richness, species diversity was also measured
using Shannon diversity index and Simpson diversity index. Both indi-
ces combine information on richness and relative abundance in different
ways, and they were also computed using EstimateS software (Colwell
2005). The distribution of the abundances of collected species was loga-
rithmically depicted. A cluster analysis was performed to study the
degree of association among habitats according to their species composi-
tion and the average number of collected individuals in each survey.
Data were transformed using the log (x + 1) prior to analysis, and a den-
drogram was computed using the Squared Euclidean distance and the
complete linkage method. Cluster analysis was performed using the soft-
ware Statgraphics Plus 5.1 (Statistical Graphic Corp. 1994-2000
Princeton, New Jersey).
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Table 4. Number of observed species and number of species calculated from each estimator for each sampling habitat

Habitat Observed species ACE ICE Chao 1 Chao 2 Jackknife 1 Jackknife 2
HERBSH 60 82.4 82.38 87.2 82.14 80.13 89.11
72.81% 72.83% 68.80% 73.04% 74.88% 67.33%
JUNIP 66 76.34 78.05 74.25 75.71 80.57 86.17
86.45% 84.56% 88.88% 87.17% 81.92% 76.59%
HOLM 63 73.47 74.38 79.5 72.89 76.6 82.3
85.75% 84.70% 79.24% 86.43% 82.24% 76.55%
LUSIT 66 79.41 77.84 74.27 78.25 84.38 91.13
83.11% 78.74% 88.86% 84.34% 78.21% 72.42%
RIPFOR 80 96.29 100.64 102.67 96.1 101 110
83.08% 79.50% 77.92% 83.25% 79.21% 72.72%
Total 112 125.3 127.06 125.6 121.72 131.44 133.82
89.38% 87.77% 89.17% 92.01% 85.21% 83.69%

HERBSH, herbaceous and shrub vegetation; JUNIP, juniper forest; HOLM, holm oakwood; LUSIT, Lusitanian oakwood; RIPFOR, riparian forest.
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Fig. 2. Randomized accumulation curves for observed species richness in each sampling habitat and for the total captures. The rate of
appearance of new inventoried species is included below the abbreviation for each habitat. Maximum, minimum, and mean values of
inventory completeness according to the different estimators are also included. HERBSH, herbaceous and shrub vegetation; JUNIP, juniper
forest; HOLM, holm oakwood; LUSIT, Lusitanian oakwood; RIPFOR, riparian forest.
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Results

In total, 25,033 individuals belonging to 112 carrion insect species
from orders Coleoptera and Diptera were collected in carrion-baited
traps throughout the sampling period. A complete list of these
Coleoptera and Diptera species and numbers collected in each sampling
site are presented in Tables 2 and 3, respectively. Among Coleoptera,
the most abundant species were the silphids Thanatophilus rugosus
(7,333 individuals) and Thanatophilus ruficornis (1,885 individuals),
and the dermestid Dermestes frischi (2,252 individuals; Table 2).
Among Diptera, the most abundant species were the muscids
Hydrotaea armipes (1,753 individuals) and Hydrotaea ignava (1,394
individuals), and the calliphorid Chrysomya albiceps (1,707 individ-
uals; Table 3). As mentioned earlier, opportunistic or casual insect spe-
cies has not been included in this study, but details on their captures can
be found in Baz et al. (2010). Unbaited traps virtually captured no

Table 5. Number of observed species and Shannon and Simpson
diversity indices values for each sampling habitat

Habitat Observed species Shannon Simpson
HERBSH 60 2.18 491
JUNIP 66 2.29 497
HOLM 63 2.35 5.23
LUSIT 66 3.03 14.05
RIPFOR 80 3.01 12.36

HERBSH, herbaceous and shrub vegetation; JUNIP, juniper forest; HOLM,
holm oakwood; LUSIT, Lusitanian oakwood; RIPFOR, riparian forest.
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insects, and in any case, only accidental species were collected in these
traps.

The sampling habitat with the highest number of inventoried species
was the riparian forest (80 species), while the rest of sampling habitats
showed 60—66 inventoried species (Table 4). The species accumulation
curves for each sampling habitat were not quite reaching the asymptote
by the end of the sampling process; in the curve for the total of inven-
toried species in the study area, the asymptotic tendency was clearer
(Fig. 2). All the nonparametric estimators showed inventory complete-
ness >70% in every sampling habitat, with the exception of the herba-
ceous and shrub vegetation where the inventory completeness was 68.8
and 67.33% by Chao 1 and jackknife 2 estimators, respectively
(Table 4). Inventory completeness was >80% for the total of inven-
toried species in the study area, according to all the nonparametric esti-
mators (Table 4).

Both Shannon and Simpson diversity indices showed Lusitanian
oakwood and riparian forest as the most diverse habitats; the rest of
sampling habitats showed lower but similar diversity values (Table 5).
The logarithmical distribution of species abundance (Figs. 3-5) in two
of the less diverse habitats, herbaceous and shrub vegetation and juni-
per forest, showed that only six species were represented by the collec-
tion of more than 100 specimens. The silphid beetles T. rugosus
and T. ruficornis, the dermestid beetle D. frischi, the calliphorid fly
C. albiceps, and the muscid fly Musca domestica were the most abun-
dant species in both habitats, together with the histerid beetle Saprinus
furvus in herbaceous and shrub vegetation and the muscid fly
H. armipes in juniper forest (Fig. 3). On the other hand, holm oakwood,
Lusitanian oakwood, and riparian forest showed 11, 9, and 14 species
represented by the collection of more than 100 specimens, respectively
(Figs. 4 and 5). The silphid 7. rugosus was also the most abundant

HERBACEOUS AND SHRUB VEGETATION
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Thanatophilus rugosus
1000 & ____» Dermestes frischi
— Tanatophilus ruficornis
Musca domestica
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100 -
10 *+
1 Mada i il ool d il
10000
Thanatophilus rugosus
Dermestes frischi
1000 \ /_ Ti ) ruficornis
Chrysomya albiceps
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Hydrotaea armipes
100
h m
1 vvvvvvvvvvv

Fig. 3. Distribution of the abundances of the inventoried species in herbaceous and shrub vegetation and juniper forest habitats. Species
names of those represented by the collection of >100 specimens are shown.
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HOLM OAKWOOD
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Fig. 4. Distribution of the abundances of the inventoried species in holm oakwood and Lusitanian oakwood habitats. Species names of those

represented by the collection of >100 specimens are shown.

RIPARIAN FOREST
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Hydrotaea ignava
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Fig. 5. Distribution of the abundances of the inventoried species in riparian forest habitat. Species names of those represented by the

collection of >100 specimens are shown.

species in holm oakwood and riparian forest, whereas in Lusitanian
oakwood, the most abundant species was the dermestid beetle
Dermestes undulatus (Figs. 4 and 5). Among others, the muscid flies
H. ignava, H. armipes, and Muscina levida, the blow fly C. albiceps,
and the dermestid D. frischi were also abundant in these habitats
(Figs. 4 and 5).

Finally, the cluster analysis showed two groups of habitats
clearly separated (Fig. 6): one corresponding to more open habitats
(herbaceous and shrub vegetation and juniper forest) and the other
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corresponding to more wooded areas (holm oakwood, Lusitanian oak-
wood, and riparian forest). Interestingly, the two habitats included in
the first group were also the two least diverse habitats (Table 5).

Discussion

Faunistic inventories are generally incomplete due to the fact
that the number of inventoried species continues increasing with sam-
pling effort (Gotelli and Colwell 2001, Jiménez-Valverde and Hortal
2003). In accordance with it, in this study, none of the randomized
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Fig. 6. Dendrogram from cluster analysis for the sampling sites
according to their species composition and the average number of
collected individuals in each survey. The numbers 1 and 2 indicate
the two sites selected for each habitat. HERBSH, herbaceous and
shrub vegetation; JUNIP, juniper forest; HOLM, holm oakwood; LUSIT,
Lusitanian oakwood; RIPFOR, riparian forest.
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accumulation curves reached the asymptote by the end of the sampling
process (Fig. 2). However, estimations of species richness become sta-
ble when inventories cover at least 70% of the total number of species
(Jiménez-Valverde and Hortal 2003). Thus, nonparametric estimators
showed that the inventory completeness of this study was representa-
tive enough of the species richness in the study area (Table 4).

Riparian forest was the sampling habitat with the greatest species
richness (Table 5), whereas both Shannon and Simpson indices showed
not only riparian forest but also Lusitanian oakwood as the most diverse
habitats (Table 5). Diversity is actually a set of concepts (Peet 1974),
and it is not a synonym of number of species. For example, both juniper
forest and Lusitanian oakwood showed the same number of inventoried
species, but juniper forest was clearly a less diverse habitat in accor-
dance with Shannon and Simpson indices values (Table 5). The expla-
nation lies in the combination of the number of species and their
relative abundance. In juniper forest, fewer species dominate in terms
of number of individuals than in Lusitanian oakwood, where the num-
ber of collected specimens appears to be more equally distributed
among the inventoried species (Figs. 3 and 4). Among the most abun-
dant species, the silphids 7. rugosus and T. ruficornis and the dermes-
tids D. undulatus and D. frischi clearly stood out (Figs. 3-5). Those
species are well represented in every type of natural habitats in central
Spain, dominating the necrophagous beetles assemblages (Martin-Vega
and Baz 2012). On the other hand, the blow fly C. albiceps and
Muscidae species from genera Muscina and Hydrotaea have also been
found among the dominant species in the sarcosaprophagous Diptera
assemblages in summer months in the different natural habitats of cen-
tral Spain (Martinez-Sanchez et al. 2000, Martin-Vega and Baz 2013),
in accordance with the present results (Figs. 3—5). Carrion sustains a
high diverse insect community exploiting the same resource at the same
time, although calliphorid flies and silphid and dermestid beetles usu-
ally monopolize the different carcass tissues along the insect succession
(Braack 1987, Matuszewski et al. 2010).

The cluster analysis divided the sampled habitats into two well-
differentiated groups (Fig. 6), which corresponded to the least diverse
habitats (herbaceous and shrub vegetation and juniper forest), and, on
the other hand, the most diverse (holm oakwood, Lusitanian oakwood,
and riparian forest; Table 5). The fact that these two groups also coin-
cide with the more open (i.e., less wooded) and the more forest habitats
allow speculating on the reasons for the different diversity values.
Thus, in deciduous and sclerophyllous forests, the ground usually
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accumulates great quantities of fallen leaves, which may favor the pro-
liferation of saprophagous species. Furthermore, forest habitats may
also contain a higher diversity of small vertebrates than more open, ho-
mogeneous habitats (Tews et al. 2004), thus providing carrion insects
with higher numbers of animal carcasses. It may explain the high abun-
dance of Muscina and Suillia species in wooded habitats (Figs. 4 and 5;
Table 3). Despite muscid flies of genus Muscina breed frequently on
carrion, they are also common on fungus and other types of decaying
organic matter (Gregor et al. 2002). Also, heleomyzid flies of genus
Suillia can be collected abundantly in association with carrion (e.g.,
Martin-Vega and Baz 2013), but they are mainly considered as saproph-
agous (Séguy 1934). Both Muscina and Suillia species are among the
dominant species, which typify the sarcosaprophagous fly assemblages
of wooded habitats in central Spain (Martin-Vega and Baz 2013).
Moreover, the accumulated fallen leaves in wooded habitats may favor
the presence of invertebrates, which can be parasitized by some fly spe-
cies that are also attracted to carrion. This is the case of Pollenia species
(Figs. 4 and 5; Table 3), which are primarily considered as parasites or
predators of earthworms, but they have also been collected in associa-
tion with carrion (Baz et al. 2007, Martin-Vega and Baz 2013). Also,
Muscina species can act as parasites of larvae of other insects (Gregor
et al. 2002). On the other hand, the traps installed in more open habitats
appeared to be subjected to higher temperatures (Table 1) as they were
more exposed to continuous sunlight during the day. Such situation
may have favored the dominance of the silphids 7. rugosus and T. rufi-
cornis, and the dermestid D. frischi (Fig. 3), which are tolerant to differ-
ent environmental conditions (Martin-Vega and Baz 2012).
Particularly, D. frischi appears to be more dominant in open habitats
(Fig. 3); it may be due to its food preferences. As dermestid species
breed on carcasses in advanced stages of decomposition, they are usu-
ally more abundant in those habitats with low humidity and high tem-
peratures, where carrion desiccates quickly (Sanchez Pifiero 1997,
Martin-Vega and Baz 2012). In this sense, open habitats may have also
favored the dominance of thermophilous species like C. albiceps and
M. domestica, which show a preference for warm conditions in its spa-
tial distribution (Baz et al. 2007, Martin-Vega and Baz 2013); more-
over, C. albiceps have shown to be more abundant on carrion under
sunny conditions than shaded conditions (Prado e Castro et al. 2011).

In conclusion, the different characteristics of the studied habitats
and their climatic conditions may be determinant explaining the com-
position and diversity of their typical carrion insect assemblages. From
an applied point of view, differences in habitat preferences and species
composition of carrion insects may provide forensic investigators with
useful information indicating possible postmortem movements of a
corpse (Amendt et al. 2011). Further studies on the diversity and com-
position of carrion insect species in different habitats and environments
within a same region need to be done.
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