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Abstract. Glacial retreat creates new habitat which is colonized by plants and animals during the process of primary succession. Tra-
ditionally, invertebrate succession along the glacier forelands has been spatially and temporally described by the following predictors:
species richness, diversity/similarity indices and species traits. In this paper another approach is used and applied to carabid beetle
assemblages in two alpine glacier forelands. It utilizes mean individual biomass (MIB), which is considered by several authors to be a
good indicator of habitat successional stages. MIB increased with time since deglaciation and this is related to species turnover along
the glacier forelands. Specifically, MIB is able to separate early from late successional stages. The former are characterized by carabid
assemblages with low MIB values and species typical of pioneer habitats, while the latter are characterized by carabid assemblages with
high MIB values and species typical of stable and mature habitats. Therefore, MIB seems to be a sensitive indicator of carabid beetle

successional stages also along the glacier forelands.

INTRODUCTION

Retreating glaciers are considered to be key indicators
of global warming (Oerlemans, 2005). During their retreat
they leave behind spatially ordered moraines on which pri-
mary stages of succession occur (Matthews, 1992). Suc-
cession is defined as a non-seasonal, directional, continu-
ous and predictable process of colonization by populations
of species in a given area (Begon et al., 1991). Succession
is driven by species turnover in which species characteris-
tic of early successional stage are replaced by those char-
acteristic of mid to late successional stages (Schwerk et
al., 2006). Glacier forelands are unique model systems for
studying the action of climate change on soil communities
(Bardgett et al., 2005). It is assumed that plots of different
ages represent different stages in the development of the
coenoses (Bardgett et al., 2005).

Research on invertebrates along the alpine glacier fore-
lands has shown that the colonization and succession pro-
cesses are deterministic and directional (Kaufmann, 2001;
Hodkinson et al., 2004; Gobbi et al., 2006). As a conse-
quence of their passive and active dispersal mechanisms
and high reproductive rates, different taxa react in different
ways to environmental changes triggered by the retreat of
glaciers (Kaufmann, 2002; Brambilla & Gobbi, 2014).

Thanks to their ability to respond to abiotic and biotic
variation in their environments (Lovei & Sunderland,
1996), carabid beetles (also called ground beetles; Coleo-
ptera: Carabidae) are model organisms for investigating the
patterns of colonization of glacier forelands (see: Gobbi et
al., 2007; Bréten et al., 2012; Schlegel & Riesen, 2012).
In particular, Hodkinson & Jackson (2005) highlighted the
potential for using ground beetles to monitor environmen-
tal changes in montane ecosystems.

Several approaches are used to describe the successions
in relation to time since deglaciation, the most common
being diversity indices (e.g. Shannon’s Index) (Kaufmann,
2001), species richness (Braten et al., 2012; Schlegel &
Riesen, 2012), functional traits (Gobbi et al., 2010) and oc-
currence probability (Brambilla & Gobbi, 2014).

This paper uses a new approach, previously not applied
in areas from which glaciers have retreated since the Lit-
tle Ice Age (16™-19" century AD). The approach consists
of describing carabid beetle succession along the glacier
forelands in terms of the mean individual biomass (MIB)
(Schwerk & Szyszko, 2007a, after Szyszko, 1983) of car-
abid assemblages in areas differing in the time since degla-
ciation. MIB can be determined either by weighing live in-
dividuals or using a formula that describes the relationship
between body length and live biomass of a carabid beetle
(Szyszko, 1983). MIB is considered to be a simple yet suit-
able method for assessing the carabid fauna in a given hab-
itat. This method can be used to indicate differences in the
stage of succession between areas, and previous research
carried out in different areas in Europe indicate that the
MIB index can be used as a suitable measure for assessing
the stage of succession of habitats (Szyszko et al., 1996;
Serrano & Gallego, 2004; Schwerk et al., 2006; Cardenas
& Hidalgo, 2007). If large species dominate habitats in an
advanced stage of succession, MIB should increase with
succession. MIB is already used in studies in forest and
open (agroecosystem) habitats (e.g. Szyszko et al., 1996;
Serrano & Gallego, 2004; Schwerk et al., 2006) and in
long-term habitat monitoring (Szyszko et al., 2000).

Specifically, this paper has a dual purpose to test wheth-
er: (a) MIB values of carabid assemblages, collected along
the glacier forelands change in terms of the number of spe-
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cies and the taxonomic distinctness of each assemblage
and (b) MIB values depend on spatial and temporal stages.

MATERIAL AND METHODS

Study area and sampling protocol

This study was carried out in the central-eastern Italian Alps,
where carabid beetle assemblages in two neighboring glacier
forelands (Forni glacier foreland — 46°25'N, 10°34’E and Cedec
glacier —46°27'N, 10°35'E) were investigated. Detailed informa-
tion on the types of vegetation growing in the bottom and on the
sides of the Forni valley is reported in Gobbi et al. (2006) and for
the Cedec valley in Gobbi et al. (2010). Carabid beetles were col-
lected during 2004 and 2005 in the Forni glacier foreland (Gobbi
et al., 2007) and in 2007 in the Cedec glacier foreland (Gobbi
et al., 2010). Carabids were sampled using pitfall traps (108 in
the Forni glacier foreland and 30 in the Cedec glacier foreland).
Pitfall traps consisted of plastic cups (7 cm diameter) baited with
a standard mixture of wine-vinegar and salt to preserve the catch.
The traps were reset every 20 days during the snow-free period
(July—September). The sampling sites were in the proglacial ar-
eas, from the glacier terminus to areas that were not covered by
glaciers during the Holocene (Late Glacial substrata). The traps
were located on terrain adjacent to the glacial front, on recent
and stabilized moraines and on Late Glacial substrata. Each trap
was located in a place of known substratum age (time since de-
glaciation). The time span ranged from sites deglaciated since
one year, to areas not covered by glaciers in the Little Ice Age,
and therefore more than 155 years old (Late Glacial substrata).
For the analyses I defined the age of Late Glacial substrata as
10,000 years old, although the precise date is not available (the
end of the Late Glacial Period was about 10,500 year ago) and
log-transformed the data on time since deglaciation before carry-
ing out the analyses.

Data analyses

The datasets for the two glacier forelands (see Gobbi et al.,
2007, 2010) were merged to obtain a single matrix in which the
columns are the species sampled and the rows the traps. A total of
23 traps contained no specimens. Analyses were therefore carried
out using data for the 115 traps that caught carabids; a total of
23 species and 910 individuals were caught by these traps (Sup-
plementary file S1).

Mean individual biomass (MIB) was calculated by dividing the
biomass of all the carabids sampled by the number of specimens
caught in a trap. Biomass values (expressed in milligrams) were
obtained using the regression equation, reported in Schwerk &
Szyszko (after Szyszko, 1983), which describes the relationship
between body length of a carabid (x) and its biomass (y):

Iny=—8.928+2.555%Inx

This regression equation defines the positive correlation (R*=
0.96) between body length and body mass (Szyszko, 1983). Body
length was the distance from the margin of the labrum to the apex
of the elytra, and was expressed as the average body length for
each species. Carabid beetles were identified to species following
Hurka (1996), Pesarini & Monzini (2010) and Pesarini & Monzi-
ni (2011). Hancock & Legg (2012) report that pitfall trap effec-
tiveness and body mass could be strongly correlated and propose
a statistical method to correct pitfall trap catches for this effect.
However, as Schwerk & Szyszko (2007a) did not suggest any
prior correction before applying the MIB index I did not correct
the index.

Taxonomic distinctness was calculated using the equations in
Clarke & Warwick (1998) including confidence intervals com-
puted from 1000 random replicates taken from the pooled data
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set (all traps). Taxonomic distinctness is the average path length
between any two randomly chosen individuals, assuming they are
different species; it can be considered as a measure of pure taxo-
nomic relatedness (Clarke & Warwick, 1998). This index depends
on the taxonomic information considered. The taxonomic matrix
used for the calculation of taxonomic index included five primary
ranks: species, sub-genus, genus, tribe and subfamily. The taxo-
nomic rank of each species is cited in de Jong (2013).

Species richness was calculated as the sum of all species found
in each trap.

Spearman’s rank correlation was used to reveal the presence of
collinearity between MIB, taxonomic diversity, taxonomic dis-
tinctness and species richness.

In order to test the effect of time since deglaciation on MIB,
taxonomic distinctness and species richness, linear regression
analysis was used. Before the analysis I evaluated the sensitiv-
ity of the results for the traps with just one, then at most two
and finally at most three individuals. As there were no significant
differences (both correlation coefficients and P-values remained
unchanged) I performed the analysis using the complete dataset.

In order to evaluate whether MIB is related to the assemblages
found in areas with different time since deglaciation, an Analysis
of Similarities (ANOSIM), based on Jaccard’s index of similarity,
was performed to evaluate the similarities in the composition of
assemblages recorded in the glacier forelands. Prior to perform-
ing the analyses, traps were pooled according to their time since
deglaciation. A dendrogram of similarity, based on Jaccard’s
index, was drawn to show whether sites with the same species
composition occurred in areas that had been deglaciated for same
length of time. The agglomerative method used to join the clus-
ters was the average distance between all members in the two
groups (called UPGMA). The two main clusters obtained from
the dendrogram were compared in terms of MIB values associ-
ated with the period of time since deglaciation, using a t-test (Go-
telli & Ellison, 2004).

All statistical analyses were performed in PAST v3.0 (Hammer
et al., 2001) and SPSS v20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The three dependent variables used in the analyses
(MIB, taxonomic distinctness and species richness) were
collinear. MIB was positively correlated only with taxo-
nomic distinctness (rtho = 0.20; P = 0.03). On the other
hand, taxonomic distinctness was positively correlated
with species richness (rho = 0.60; P = 0.0001). Linear re-
gression revealed that MIB (ANOVA test: F, |, = 12.44;
P =0.001), taxonomic distinctness (ANOVA test: F =
14.13; P=0.0001) and species richness (ANOVA test: F| |,
= 7.46; P = 0.007) are all positively associated with time
since deglaciation.

In particular, MIB increased gradually during succession
(Fig. 1).

The ANOSIM test demonstrated that there was a signifi-
cant turnover in species compositions of the assemblages,
which changed with time since deglaciation (ANOSIM, R
=0.51; P<0.007). The dendrogram based on Jaccard simi-
larity values revealed two main groups of clusters of sites
(group 1 and group 2, Fig. 2) with similar species compo-
sition. This analysis indicates that an important event in
species turnover differed in the two groups. The clusters
also differed significantly in mean MIB values (t-test: P =
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Fig. 1. The relationship between the MIB values and the time
since deglaciation (both plotted on logarithmic scales) for each
of the sites sampled. The bold line represents the increase in the
mean MIB values of each site sampled along the temporal succes-
sion and dashed line the 95% confidence intervals.

0.001) with a higher mean value for group 1 (MIB =53.1)
than group 2 (MIB = 29.3) (Fig. 3).

DISCUSSION AND CONCLUSIONS

The results indicate that the MIBs recorded in the gla-
cier forelands reflect local successional stages. Therefore,
the MIB index also works well for habitats different from
those previously used to test it (i.e. forest sites, agroeco-
systems) (Schwerk et al., 2006; Schwerk & Szyszko, 2007;
Cardenas & Hidalgo, 2007).

There was no relationship between species richness and
MIB, but MIB was positively associated with taxonomic
distinctness. This means that MIB does not depend on the
number of species, but on the taxonomic group (subfamily,
tribe, genus or subgenus) to which each species belongs.
Paschetta et al. (2013) report that taxonomic distinctness
seems to be closely related to habitat diversity and func-
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Fig. 2. Dendrogram clustering the times since deglaciation into
groups based on similarity in species compositions of the assem-
blages. Two main groups are identified: group 1 (areas deglaci-
ated more than 50 years ago) and group 2 (areas deglaciated less
than 41 years ago).
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Fig. 3. Differences in the mean MIB values of the sites deglaci-
ated more than 50 years ago (group 1) and those deglaciated less
than 41 years ago (group 2).

tionality, and thus a high value of taxonomic distinctness
indicates a broad taxonomic diversity. The MIB values
recorded in this study are highly variable and seem to in-
crease from just in front of the glacier to the Late Glacial
substrata. This pattern can be explained in two ways. First,
some traps caught very few individuals and as a conse-
quence MIB values could be biased; Schwerk & Szyszko
(2007b) recommend that for reliable data a sample of at
least 50 individuals is needed. Second, the broad taxo-
nomic diversity recorded in the last stage of the succes-
sion underlies the observed wide range of MIB values. As
the environment of the late successional stage is very het-
erogencous (Gobbi et al., 2010) there are many different
species there and the MIB values are very variable. More-
over, some traps located in the early and mid-successional
stages yielded high MIB values, similar to those recorded
for the late successional stages. These results are driven by
the presence of large numbers of Carabus sylvestris and C.
depressus, two large species that often occur abundantly on
bare ground (Gobbi et al., 2007).

Furthermore, the results suggest that if taxonomic dis-
tinctness is taken into consideration the interpretation of
the MIB values and evaluation of successional stages in
certain ecosystems is easier. In this study, MIB and taxo-
nomic distinctness increased from the front of the glaciers
to the older sites. This means that sites closest to the glacier
are characterized by low MIB values and low taxonomic
distinctness, whereas those far from the glacier are charac-
terized by high MIB values and high taxonomic diversity.
Areas never reached by the glaciers during the Holocene,
the Late Glacial Substrata, can be considered to represent
the climax in terms of succession. These areas also had the
highest MIB values and highest taxonomic distinctness.
Gobbi et al. (2010) demonstrate that assemblages on Late
Glacial Substrata have traits typical of stable and mature
environments: are large-sized, lack functional hind wings
and are autumn-breeders. Therefore, in agreement with
Matthews (1992), a chronosequence of glacier retreat can
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be interpreted as a temporal sequence in the development
of species assemblages, and a resource availability and dis-
turbance/stability gradient.

Habitat age is considered to be a crucial variable in de-
termining ecosystem functionality and processes (Bardgett
et al., 2005). The results obtained using the MIB index in-
dicate that temporal aspects may be decisive both for the
composition of carabid assemblages in primary succes-
sion (Gobbi et al., 2007; Schlegel & Riesen, 2012) and the
mean individual biomass of carabid beetles.

The turnover analysis further supported the relationship
between MIB and taxonomic composition of the assem-
blages in glacier forelands. Sites deglaciated more than 50
years ago had higher mean MIB values than those deglaci-
ated less than 41 years ago. The latter, therefore, can be seen
as an early stage of succession in the light of the results of
Szyszko et al. (2000) and Jelaska et al. (2011). Their as-
semblages were characterized by species such as Amara
quenseli and Nebria spp. These are small to medium-sized
species living on wet bare ground between clumps of her-
baceous vegetation (Saxifraga spp.). On the other hand,
the species composition of sites deglaciated more than
50 years ago were characterized by species typical of late
successional stages, for example Cymindis vaporarioum,
Amara erratica, Carabus sylvestris, Leistus nitidus and
Pterostichus multipunctatus (Gobbi et al., 2007; Schlegel
& Riesen, 2012), which are medium to large species and
are abundant.

In summary, time since deglaciation is an important fac-
tor influencing the species composition of carabid assem-
blages and the MIB values recorded along chronosequence.
MIB seems to be a sensitive indicator of carabid beetle suc-
cessional stages in the glacier forelands, but more research
is necessary before MIB can be included as an index of the
stage of succession in long-term monitoring programs.
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List of the carabid beetles collected at sites with different time
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