Hand searching versus pitfall trapping:
how to assess biodiversity of ground beetles
(Coleoptera: Carabidae) in high altitude
equatorial Andes?

Mauro Gobbi, Alvaro Barragan, Mattia
Brambilla, Emilia Moreno, Washington
Pruna & Pierre Moret

Journal of Insect Conservation

An international journal devoted to
the conservation of insects and related
invertebrates

ISSN 1366-638X

|OURNAL OF
e INSECT CONSERVATION

An international journal devoted to the conservation
J Insect Conserv (2018) 22:533-543 of insects and related invertebrates

DOI 10.1007/510841-018-0082-8

In Cooperation with
Butterfly Conservation Europe

@ Springer

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Springer
Nature Switzerland AG. This e-offprint is

for personal use only and shall not be self-
archived in electronic repositories. If you wish
to self-archive your article, please use the
accepted manuscript version for posting on
your own website. You may further deposit
the accepted manuscript version in any
repository, provided it is only made publicly
available 12 months after official publication
or later and provided acknowledgement is
given to the original source of publication
and a link is inserted to the published article
on Springer's website. The link must be
accompanied by the following text: "The final
publication is available at link.springer.com”.

@ Springer



Journal of Insect Conservation (2018) 22:533-543
https://doi.org/10.1007/5s10841-018-0082-8

ORIGINAL PAPER

@ CrossMark

Hand searching versus pitfall trapping: how to assess biodiversity
of ground beetles (Coleoptera: Carabidae) in high altitude equatorial
Andes?

Mauro Gobbi'® - Alvaro Barragan? - Mattia Brambilla®*® . Emilia Moreno? - Washington Pruna? - Pierre Moret®

Received: 10 February 2018 / Accepted: 11 August 2018 / Published online: 14 August 2018
© Springer Nature Switzerland AG 2018

Abstract

The use of ground beetles (Coleoptera: Carabidae) as bioindicators of environmental change depends on the reliability and
the effectiveness of the sampling methods. Those that have been tested in the temperate zone and in tropical forests still
await experimentation in tropical high-altitude environments. For the first time, pitfall trapping and hand searching have
been compared in Ecuadorian paramo above 4000 m a.s.l., in terms of practical effectiveness. The study was performed on
six volcanoes and was based on the comparison of 28 sampling sessions (pitfall trapping and hand searching) performed
along two different elevational belts [lower superparamo (LSP) and upper superpadramo (USP)]. Analyses of sampling ses-
sions showed that detected species richness is slightly higher with hand searching than with pitfall trapping, regardless of
the elevation. Additionally, hand searching is more time-effective than pitfall trapping. The performance of the sampling
method slightly varies when species assemblage composition is analysed in relation to elevational belts. In the LSP, hand
searching and pitfall trapping should be simultaneously used to obtain exhaustive inventories of carabid biodiversity, since
different species are likely to be collected by each method. In the USP, hand searching and pitfall trapping efficiency is
very similar, but hand searching allows to collect a slightly larger number of species. Lastly, the sample-based rarefaction
curves showed that four temporal replicates are mandatory to obtain a robust dataset and an exhaustive inventory of the true
species richness and species assemblages composition. Our findings suggest a combined use of hand searching and pitfall
trapping in the LSP, while both methods can be used alone for surveying carabids in the USP. Furthermore, hand searching
is recommended if the aim is to obtain an inventory of species diversity, whereas pitfall trapping seems more convenient for
fine grain ecological and comparative studies.

Keywords Ecuador - Harsh environments - Paramo - Sampling effort - Sampling methods - Species richness

Introduction

Ground beetles (Coleoptera, Carabidae) have been widely
used as bioindicators for monitoring habitat disturbance
(e.g. Rainio and Niemeld 2003; Koivula 2011) or as early-
warning indicators of the effect of environmental changes
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Bissler et al. 2013; Brambilla and Gobbi 2014; Pizzolotto
et al. 2014). Most of these studies are based on pitfall trap-
ping (Skvarla et al. 2016). This widespread and standard
method has the advantage of being cheap, easy to imple-
ment and suitable for quantitative comparison, but it also
has the drawback of reflecting activity rates rather than
absolute density or actual assemblage composition (Spence
and Niemeld 1994; Kotze et al. 2011). The few studies that
have addressed direct comparisons between pitfall trapping
and other sampling methods such as quadrat sampling, lit-
ter washing, suction sampling or nocturnal hand searching
at lights, were all performed in temperate or boreal regions
of Eurasia and North America (Spence and Niemeld 1994,
Andersen 1995; Lin et al. 2005; Liu et al. 2007; Hancock
and Legg 2012; Zhao et al. 2013; Andersen and Arneberg
2016).

Pitfall trapping has been tested in tropical regions, with
results suggesting that it is less efficient than hand search-
ing in lowlands and in montane forests (Rainio and Niemeld
2006; Nyundo and Yarro 2007; Maveety et al. 2011), but no
study has been carried out in the tropical alpine ecosystem,
above the treeline, to measure or compare performances
of sampling methods. Yet Carabid beetles are one of the
most important components of the ground-dwelling mac-
roinvertebrate assemblages of this high-altitude ecosystem,
called paramo in tropical Andes of Venezuela, Colombia,
Ecuador and Northern Perd (Moret 2009). Moreover, it has
been shown that this beetle family is able to provide accurate
information on the response of high-altitude insect commu-
nities to the ongoing climate change (Moret et al. 2016).
The selection of the most appropriate sampling method for
the tropical alpine ecosystem is therefore a crucial issue that
needs to be addressed from two points of view: adequacy to
the requirements of a quantitative analysis aimed to future
long-term biodiversity monitoring surveys, and practical
effectiveness under the constraints of a harsh environment.

Regarding the first point, the sampling protocol must fol-
low a standardized framework and consider an appropriate
number of replicates, and must be suitable for a simultane-
ous implementation in different habitats along elevational
gradients and for replicates at the same place at regular inter-
vals (Kotze et al. 2011; Schweiger et al. 2016). Regarding
environmental constraints, the demanding conditions of
high altitude environments in terms of accessibility of often
remote mountains, weather instability and physical effort,
require a sampling method that is as easy as possible to carry
out, with regard to time-effectiveness and labour intensity.
Quadrat sampling of the whole Carabid assemblage in each
sampling site, both on the ground and in the superficial layer
of the soil (Hansson 2012), must be discarded, as it would be
extremely difficult in steep rocky environments. Moreover,
a complete destruction of the vegetation cover would not be
acceptable in a fragile ecosystem where the resumption of
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vegetation is extremely slow. On the other hand, an experi-
ment comparing suction sampling and pitfall trapping in
steep alpine habitats of Austria, between 1950 and 2300 m
a.s.l., showed that suction sampling resulted in a very low
representation of Carabids, and was more expensive and
time consuming (Bergthaler and Relys 2002). Therefore,
our study only focuses on the comparison of two methods:
pitfall trapping and time-limited hand searching.

The aims of our study were thus (1) to test the perfor-
mance of hand searching and pitfall trapping in the highest
zone of the pAramo in terms of species richness and species
assemblage similarities, and (2) to test how many sampling
sessions of hand searching and pitfall trapping should be
performed in sites located in the lower superparamo (LSP)
as well as in the upper superparamo (USP), in order to
obtain an inventory, as much as possible complete, of the
species diversity.

Materials and methods
Study area

The study was performed in the Andes of Northern Ecuador
(Fig. 1a), in six isolated high-altitude island-like habitats
(Anthelme et al. 2014) that are distributed on three volca-
noes of the Western Cordillera (from north to south, Chiles,
Pichincha and Carihuairazo) and three volcanoes of the
Eastern Cordillera (Cayambe, Guamani and Antisana). The
selected volcanoes reflect the whole diversity range of high
altitude environments in Ecuador, in terms of geological age
of volcanic formations, microclimate and extension of the
glaciers.

All study sites belong to the superparamo belt that
replaces grassland paramo above a line that varies between
4100 and 4300 m a.s.l., depending on local abiotic con-
ditions. Superparamo is characterized by sclerophyllous
shrubs, cushion plants and shortstem grasses, with a veg-
etation cover that decreases with elevation (Sklenar and
Balslev 2005). From 4200/4300 m to 4400/4500 m, the LSP
is richer in plant species and has a vegetation cover of at
least 50% (Fig. 1b). Above 4400/4500 m, the USP has a low
and patchy vegetation cover, frequently <20%, confined to
a few favourable habitats and dominated by cushion plants
and short stem grasses (Fig. 1b, c).

Sampling methods

Hand searching Ground beetles were searched by hand,
beneath stones and any other hiding places, without tearing
live plants, in areas presenting a homogenous habitat type, by
three experienced collectors during fixed periods of 15 min
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Upper Superparamo

Lower Superparamo

Chiles

Grass Paramo

Carihuairazo

Fig. 1 a Map of the pdramo ecosystem in the Northern part of Ecua-
dorian Andes, and localisation of the six volcanoes considered to test
the performance of hand searching and pitfall trapping in LSP and

(Chiles, Pichincha, Cayambe, Guamani, Carihuairazo) or by
two experienced collectors for 20 min (Antisana).

Pitfall traps Each trap consists in a plastic cup (7 cm of
upper diameter) containing 2/3 standard mixture of wine
vinegar, salt and a few drops of soap (Gobbi et al. 2006).

USP in terms of species richness and species assemblage similarities.
b Desert USP on Volcano Chiles at 4510 m. ¢ USP on Volcano Illin-
iza at 4530 m. d LSP on Volcano Cayambe at 4390 m

Each trap was covered with a plastic dish located about 3 cm
above the trap in order to limit the access of rain water; in
addition, a small hole was made approximately 1/3 of the
way down the cup to allow excess rain water to drain away
(Brandmayr et al. 2005). The number of traps used at each
site varied between 3 and 8 in relation to the local micro-
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habitat heterogeneity and extension. Traps were collected
and re-set after an average period of 10 days.

At each study site, sampling sessions were scheduled so
that pitfall traps were collected and hand searching was done
on the same day, thus ensuring similar weather and seasonal
conditions for the results of both methods.

Identifications were made to the species level, follow-
ing the taxonomic arrangement proposed by Moret (2005).
All specimens were preserved in 70% ethanol and depos-
ited in the insect collection of the QCAZ Zoology Museum
at the Pontificia Universidad Cat6lica del Ecuador (Quito,
Ecuador).

Data analysis

Hand searching versus pitfall trapping in two different
elevational belts

We considered data collected for 3 years, 2015-2016-2017,
on six volcanoes (Chiles, Guamani, Cayambe, Pichincha,
Antisana, Carihuairazo) for testing the effectiveness of hand
searching and pitfall trapping to collect carabids respectively
in the LSP and USP (see Suppl. File). Data from all vol-
canoes were merged to obtain a dataset with 28 sampling
sessions.

N-mixture models (Royle 2004) were used to evaluate
whether the two methods provide consistent results about
species richness and to estimate the degree of precision of
the estimates provided. This analysis was carried consider-
ing the species richness obtained in the 28 sampling sessions
adopting hand searching and pitfall trapping, using the pack-
age ‘unmarked’ (Fiske and Chandler 2011) and ‘MuMIn’
(Barton 2016) in R (R Core Team 2016). We first fitted a
model relating species richness to the method used (hand
searching vs. pitfall trapping) as a factor affecting detection
(observation covariate), and to elevation as a factor affect-
ing true species richness (site covariate). Then, we ranked
all possible models (method, elevation, method + elevation)
according to the relative value of the Akaike’s Information
Criterion corrected for small sample size (AICc) and identi-
fied the most supported models (AAICc < 2) after the exclu-
sion of uninformative parameters (Arnold 2010; Jedlikowski
et al. 2016). Finally, we estimated the latent abundance by
means of the ‘ranef” command in ‘unmarked’, which pro-
vides an estimate posterior distribution of the latent rich-
ness according to empirical Bayesian methods (Royle and
Dorazio 2008).

The difference in species assemblages sampled by hand
searching and pitfall trapping respectively in the LSP and
USP was discriminated by non-metric multidimensional
scaling (NMDS). The Jaccard index, for presence/absence
data, were used to measure similarity between samples. The
NMDS goodness of fit was estimated with a stress function,
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which ranges from 0 to 1, with values close to 0 indicat-
ing good fit. Then, we performed an analysis of similarities
(ANOSIM) based on Jaccard index to test the significance
of the similarities and to evaluate the degree of separation
between species assemblages (Hammer et al. 2001; Gotelli
and Ellison 2004).

Number of required sampling sessions

From the six volcanoes under study, three (Pichincha, Anti-
sana, Carihuairazo) were selected to evaluate how many
sampling sessions are necessary to obtain an inventory, as
complete as possible, of the species living at a given eleva-
tion. On each volcano we selected two sampling sites, one in
LSP and the other in USP, to test if the number of required
sampling sessions changes in relation to the altitudinal belt.
Three (Carihuairazo) or four (Pichincha, Antisana) sampling
sessions were performed at each sampling site (see Table 1).

Firstly, the observed species richness (count data) and the
estimated species richness (incidence-based non-parametric
diversity estimator) were compared for both sampling meth-
ods in each altitudinal belt. The incidence coverage esti-
mator (ICE) was used to estimate potential true richness;
ICE estimates the overall number of species that may live at
one site, based on the observed number of species and the
frequency of their occurrence, and it gives accurate results
in surveys performed by hand searching and pitfall traps
(Hortal et al. 2006; Colwell 2013).

Then, we used the species accumulation curves, as a
standard method to measure the completeness of the sur-
veys performed by hand searching and pitfall trapping and
to allow comparison between surveys. Specifically, we cal-
culated a Mau-Tau sample-based rarefaction species accu-
mulation curve “S(est)” (Colwell 2013) for each sampling
technique used respectively in the LSP and USP sites on
each volcano.

We used the statistical software EstimateS 9.1.0 (Colwell
2013) and PAST 3.16 (Hammer et al. 2001) to perform these
analyses.

Results

Hand searching versus pitfall trapping in two
different elevational belts

The general analysis based on N-mixture modelling iden-
tified a single model, including only the method used, as
the most supported one; all other models after the exclu-
sion of the uninformative parameters had AAICc > 2. This
model (intercept: 0.46 +0.63) suggested that the detected
species richness was only affected by the method adopted,
with pitfall trapping resulting in lower estimates of richness
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(—0.55+0.25, Z=-2.23, P=0.026) (Fig. 2). The latent
species richness as estimated by the model varied between 6
and 14 species per site (modal value), with 2.5-97.5% cred-
ible intervals between 3 and 19 (range of detected values:
2-9 with hand searching, 0—7 with pitfall trapping) (Fig. 2).
The mean value of latent species richness was highly cor-
related with the total number of species sampled during a
session (r=0.87, P<0.001).

In the LSP, NMDS revealed differences in carabid
community composition (stress =0.39) in relation to the
sampling method; ANOSIM significantly separated the
two collection methods (P =0.005), but the effect of the
sampling methods is small (r=0.12) (Fig. 3a). The same

result was obtained after removing the singleton species
collected by each sampling method (6 species by HS, 6
species by PFT): NMDS stress =0.39; ANOSIM r=0.12,
P=0.009.

In the USP, no significant changes were found between
collections made by hand searching and by pitfall trap-
ping. NMDS did not reveal differences in carabid com-
munity composition between both collection methods
(stress =0.31); ANOSIM did not significantly separate the
two collection methods (ANOSIM, r=-0.06, P=0.94)
(Fig. 3b). The same result was obtained after removing
the singleton species collected by each sampling method
(1 species by HS, 5 species by PFT): NMDS stress =0.31;
ANOSIM r=-0.06, P=0.89.

Fig. 2 Number of species sam- ;
A
pled by means of hand search- 144 " R!chness HS Mode A A
ing (“richness HS™) and pitfall @ Richness PFT M4 Total sampled A A
trapping (“richness PFT”). The 124 A A A
overall number of collected
species (“total sampled”) and AAAAA
the estimated richness (modal m 10+ A A A AAAAAA >4 >4
value) according to the selected & A A A A X Ml
. “« i [0}
S;r:ls)}glts:venmodel Mode” are ? 8 v TRy m
g A A 4] 4] 4] P KA L 4 *
E 61 A Mu MMEMHE EEEE = .
>
Z 4] *Meoem L | L 2 2
41 2] oeME e HEENe L 2R 2R 2 2 *
W EEe oH oo L 2
21 B L 2
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Sampling session
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Fig.3 NMDS analysis of the different subset of carabid community sampled by hand searching (X) and pitfall trapping (black dots) in the LSP

(a) and in the USP (b)
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Number of required sampling sessions

On Pichincha the species richness estimators did not show
different results between the sampling methods because the
number of sampled species is very near to the number of
expected species for either method and in either altitudinal
belt (Table 1). On Antisana, results are different in LSP and
in USP. In the USP, similarly to what has been observed
on the Pichincha, the species richness estimators give the
same result for both sampling methods, for the same reason
(Table 1). In the LSP, the total number of species collected
by hand searching plus pitfall trapping is significantly higher
than the number of species collected or estimated using
either sampling method.

On Pichincha and Antisana, the accumulation curves
computed for hand searching and pitfall trapping both in
the LSP and the USP showed very similar trends and sug-
gested that four sampling sessions ensure to collect about
90% of the expected species (Fig. 4). However, on Anti-
sana the whole number of species sampled by hand search-
ing plus pitfall trapping is higher than the value estimated
separately for each sampling method, which means that the
assemblages collected by means of each sampling method
are different.

On Carihuairazo, three sampling sessions performed
in LSP by pitfall trapping allowed to collect 100% of the
estimated species number, whereas in the same elevational
belt and with the same number of sampling sessions, hand
searching allowed to collect only 75% of the estimated
species richness. In USP three sampling sessions did not

Fig.4 Sample-based rarefac-
tion curves for HS and PFT on
sites located in the LSP and in
the USP

-

O AN W Hou oSN ©®O© o
T S S SO T S

ensure to obtain an exhaustive view of the true species rich-
ness since <75% of the estimated species were collected
(Table 1; Fig. 3).

Discussion

Hand searching versus pitfall trapping: general
pattern

In the analysis focused on sampling sessions, carried out
within an occupancy-model framework, hand searching was
suggested to be slightly but significantly better performing
than pitfall trapping. Our analysis based on N-mixture mod-
elling should be treated with caution, considering the limited
sample size, which prevented us to test the effect of other
factors potentially affecting the species richness detected at
a given site, such as site-specific habitat features or specific
detailed assessments of field effort. Nevertheless, the results
provided by this analysis are coherent with those highlighted
by site-specific and method-specific ICE estimates, and
approached well the total number of species sampled at a
given site using both methods: the estimated richness per
sampling session was strongly related to the total richness
sampled during that session (r=0.87, P<0.001), with a
difference between the estimated modal value and the total
number of species sampled in that site never larger than five.
This suggests that our inference about the different effect of
the sampling method could be taken as a meaningful indica-
tion, despite the low sample size.

PICHINCHA

—&— HS LSP S(est)
—A— HS USP S(est)

—B— PFT LSP S(est)
—>¢— PFT USP S(est)

14 1 ANTISANA
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Hand searching and pitfall trapping operate quite differ-
ently: the former is an active and time-limited method per-
formed during the day, when paramo carabids are inactive in
their shelters, whereas the latter is a passive method, which
collects carabids during the night, when they are active.
The good performance of hand searching is an unexpected
result, as according to recent literature, several drawbacks
are associated with this method: as any active method, it
partly depends on the individual skill and experience of the
collectors; it can alter or destroy habitats; it does not offer
reliable means of standardization; it can lead to low numbers
of individuals per species (Bouget et al. 2008; Riley et al.
2016). Therefore, hand searching was not considered capa-
ble of replacing pitfall trapping, which has been universally
accepted in temperate regions as the most efficient sam-
pling method for the time and effort used (Spence and Nie-
meld 1994; Skvarla et al. 2016). Other methods have been
tested, such as exhaustive hand searching in quadrat plots
(Andersen 1995; Lin et al. 2005; Andersen and Arneberg
2016), but they are not commonly implemented because the
slight benefits they possibly bring in terms of quantitative
accuracy do not offset their high cost in terms of invested
time and labour intensity.

The simpler and far more time-effective hand searching
method we used in this study, which is time-limited but not
intended to exhaustively collect every carabid beetle pre-
sent on the ground or in the upper soil layer within a delim-
ited quadrat, has never been tested in temperate regions. In
tropical highlands, our study showed that it did not under-
estimate carabid species richness in comparison with pitfall
trapping, and that his performance was even slightly better.
The effectiveness of hand searching in the pAramo environ-
ment may be due to the low diversity of microhabitats suit-
able for carabids. There is no deep vegetal litter, no decaying
wood elements, but many stones resting on the soil, under
which large numbers of carabids use to hide during the day.
So, hand searching beneath these stones is an easy task that
greatly reduces the abovementioned flaws. The shelter can
be put back in place without destroying the biotope; a quick
training allows even a novice collector to sample as much
insects as an experienced one; and the size of the samples is
sufficient to carry out quantitative analyses.

On the other hand, though slightly less effective, pitfall
trapping still constitutes a valuable sampling method in the
paramo ecosystem. This result differs from what has been
observed in other tropical ecosystems. Hand searching
allowed to collect much more individuals and species than
pitfall trapping in lowland rain forest of Ecuador (Riley et al.
2016) and in montane rain forests of Madagascar (Rainio
and Niemeld 2006) and Tanzania (Nyundo and Yarro 2007).
A survey along an elevational transect in high montane forest
of south-eastern Pert, from 1400 to 3400 m a.s.l., combining
hand searching and pitfall trapping at every spot, showed

@ Springer

that hand searching yielded three times more individuals
and twice as many species than pitfall traps (Maveety et al.
2011). All these studies were performed at lower elevations,
in tropical ecosystems where a high percentage of carabid
species are arboreal (Erwin 1991; Paarmann et al. 2001),
which is obviously the main reason of the low performance
of pitfall trapping. On the contrary, due to the absence of
arboreal habitats, all pAramo carabids live on the ground and
are likely to be captured by means of pitfall traps.

Regarding cost and time effectiveness, hand searching
and pitfall trapping are equally cheap, as they do not need
any expensive equipment. However, pitfall trapping is sig-
nificantly more time consuming since it needs one more field
trip to install the traps. The extra effort therefore amounts
to 25% in case of three sessions, or to 20% in case of four
sessions. From this point of view, hand searching would be
more suitable for quick and cheap surveys.

Differences across elevational belts

Regarding species assemblage composition, elevation seems
to partially drive the capability of the sampling methods
to collect the same species assemblages. The multivariate
analysis showed that in the LSP carabid species assemblages
collected by hand searching are slightly different from those
collected by pitfall trapping, while in the USP they are very
similar. We obtained the same result both considering the
overall sampled species and after removing the very rare
species (singleton species). A possible explanation must
be sought in the capability of each sampling method. Hand
searching performances are mainly conditioned by: (1) the
skill of the collector; (2) the accessibility of the microhabi-
tats where ground beetles are likely to hide during the day.
Pitfall trapping efficiency is determined by (1) the trapping
design, in terms of size, form, material of the traps, their
layout and the preservative mixture that is used (review in
Skvarla et al. 2016), (2) the weather conditions during the
activity period of the traps, especially at high altitudes where
a period of bad weather can dramatically reduce the activ-
ity of nocturnal open ground predators, and (3) the activity
rate of each species. In the USP, vegetation is scarce and the
soil layer is thin; every possible hiding place is easy to find
and to inspect (Fig. 1b, c). In the LSP, a thicker and denser
vegetation cover, along with a deeper soil layer, makes it
impossible to inspect every possible microhabitat by hand
searching, especially beneath the cushion plants that cover
large parts of the ground, or amid the dead leave litter at the
base of other plants (Fig. 1d).

Therefore, in the LSP the simultaneous use of hand
searching and pitfall trapping is strongly recommended
in order to obtain a complete inventory of the species
living there. In the USP it is possible to use only one
sampling method, and in this case hand searching should
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be preferred because it is able to collect a slightly larger
number of species and it demands less sampling effort
than pitfall trapping, as the latter requires an extra field
trip for the same number of samples. Moreover, in the
fragile environment of USP, hand searching does not
entail the risk of decimating small endangered popula-
tions, as it could happen with an oversized pitfall layout.
On the other hand, a possible weakness of this approach
is that, differently to hand searching, pitfall trapping is a
semi-quantitative and standardised sampling method that
has been widely used in temperate habitats sensitive to
the climate change, like those near the glaciers front, both
at high latitudes (e.g. Norway, Braten et al. 2012; Vater
and Matthews 2015) and high altitudes (e.g. Alps, Tampu-
cci et al. 2015; Pizzolotto et al. 2016; Gobbi et al. 2017).
Thus, using such a commonly shared sampling method
would allow to obtain statistically comparable data from
all over the world.

Number of required sampling sessions

The rarefaction curves and richness estimator performed
on three of the six selected volcanoes suggested that four
sampling sessions (temporal replicates) are enough to
obtain a realistic inventory of the species richness both
considering hand searching and pitfall trapping. In other
words, after four sampling sessions the observed specie
richness is very near to the estimated species richness.
This result is in agreement with similar studies in high
altitude habitats of the Alps (Gobbi et al. 2007; Tampucci
etal. 2015).

On the other hand, the estimated number of species
sampled by each method is often lower than the number
of species collected merging both of them. This result
can be explained considering the abovementioned bias:
in the LSP each sampling method collects different spe-
cies assemblages. Incomplete sampling is a result that has
been discussed in several studies on arthropods of tropical
forests, due to the high micro-habitat diversity and con-
sequently the high species diversity and the high number
of rare species (Lucky et al. 2002; Riley et al. 2016). In
the Ecuadorian lowland rain forest, seven hand sampling
events only allowed to collect 54-61% of the potential
species richness of the area (Riley et al. 2016). Our results
indicate that a complete survey of species diversity is more
easily reached in high altitude tropical habitats, with only
four sampling sessions. However, the required sampling
effort is still twice more time consuming in the Ecuadorian
paramo than in temperate alpine habitats, as it has been
reported that only two sampling sessions are enough in the
Alps to get an exhaustive view of the species assemblages
(Harry et al. 2011).

Conclusions

The results of this study show that, unlike in other tropical
environments, pitfall trapping in the high altitude paramo
ecosystem gives rather reliable account for Carabid diver-
sity, with sampling results that are very similar to those
obtained by means of hand searching (as far as species
richness is the target), even though, within a single ses-
sion, hand searching generally allows to find a slightly
larger number of species. Importantly, the species assem-
blages obtained by both methods are slightly different,
especially in the LSP, due to biases that would deserve
more specific investigation. Based on these results, the
following recommendations can be given: (a) In the more
diverse habitat of LSP, hand searching and pitfall trapping
should be simultaneously used to obtain robust inventories
of carabid biodiversity; (b) in the simpler habitat of USP,
any one of the two methods can be used alone for survey-
ing carabids, yet hand searching can be recommended if
the aim is only to obtain an inventory of species diversity,
while pitfall trapping seems more convenient for fine grain
ecological studies; (c) in both superpiaramo belts, either
method requires four temporal replicates for obtaining a
robust dataset and a consistent inventory of the true spe-
cies richness and of the species assemblage composition.

This study is especially useful in view of a long-term
survey of carabid diversity, taking this beetle family as a
bioindicator of the impact of climate change on high alti-
tude arthropod communities, since our results demonstrate
that such a survey can be implemented in tropical moun-
tains with a cheap and time-effective sampling design.
The results obtained in the Andes of Ecuador are likely
to have a wide application in other tropical mountains,
and may provide guidance for sampling other ground-
dwelling arthropods (e.g. spiders) with similar life style
and behaviour.
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