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assemblages along a temporal gradient in a natural reserve in Chaco, Argentina
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Abstract

Key words

Melolonthidae beetles have been proposed as bioindicators because of their important role in the ecosystem and
sensitivity to disturbance processes. However, the assemblage structure of these species in Argentina is unknown.
In this study, the first attempt at determining Melolonthidae diversity, we analysed the abundance and diversity of
the Melolonthidae assemblage and the species richness turnover over a period of three years. We collected samples
in a gallery forest relict of a small protected area in which two light traps were installed. We collected a total of 474
specimens belonging to 38 species, two of which are new records for Argentina. The assemblage was characterised
by numerous rare species, and the richness and diversity as well as the distribution of species abundance varied
over the three years of the study. Replacement values varied based on the similarity indices that were used.
Selected environmental variables (relative humidity, temperature and rainfall) were correlated with the richness
and the abundance of the beetles. Our results suggest that the community of Melolonthidae could be considered
dynamic, even over relatively short periods of time. Rare species play a major role in analyses of the similarity
between assemblages and could suggest exaggerated turnover values. The high richness of the study area may
be due to its good state of preservation or to its small area, which allows the entry of species from surrounding
environments, showing how complex and fluid the Melolonthidae community can be in small patches of forest.

assemblage, northeastern Argentina, phytophagous beetle, protected area, richness, turnover.

INTRODUCTION

In Argentina, the province of Chaco is one of the most affected
by deforestation. In the last 25 years, Chaco has suffered from
an 11% reduction in forest area (Cuadra 2012). Therefore,
protected areas are necessary for maintaining the biodiversity
of native environments. The Reserva Natural Educativa Colonia
Benitez (RNECB) is protected by the National Parks
Administration (Chebez 2005), providing a reference area where
the preservation of the native biota diversity is ensured. The
RNECB is located within the Ramsar Site Humedales Chaco,
and the landscape is composed of complex freshwater
environments, aquatic vegetation, grasslands and gallery forests.

Insects are significant components of great importance in
many ecosystems and are useful as biodiversity indicators and
conservation monitoring strategies (McGeoch et al. 2002). As
it is impossible to work with all insects in an area, effort has
focused on certain groups recognised for being good indicators
of ecosystem quality, mainly because of their sensitivity to
changes caused by human intervention (Noss 1990; Brown
1997). Among these, Scarabaeoidea is one of the most
recognised and widely used groups due to their high diversity
(Halffter & Favila 1993; Favila & Halffter 1997; Morén 1997).

Melolonthidae (sensu Endrodi 1966) is composed of the
subfamilies Dynastinae, Rutelinae and Melolonthinae (Cherman
& Moré6n 2014). The family Melolonthidae is present in all
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biogeographic regions, and in the Neotropical region, it includes
3450 species belonging to 300 genera (Morén 1997). While
some species are agricultural pests (Frana 2007; Steinbauer &
Weir 2007; Cherman et al. 2014), most are beneficial organisms,
as they fulfil a variety of important roles in ecosystem function:
they are primary and secondary consumers, decomposers and
pollinators, as well as providing food for insects and vertebrates.
Because they are susceptible to environmental disturbances
(Moron & Deloya 1991; Otavo et al. 2013; Pardo-Locarno
2013), Morén (1997) proposed Melolonthidae as a bioindicator
taxon in Neotropical areas, focusing mainly on the subfamilies
Dynastinae and Rutelinae.

Studies related to Melolonthidae in Argentina are limited to
species whose larvae are of agricultural importance (Frana
2007; Bonivardo ef al. 2013). There are no current inventories
available, and the structure and composition of the assemblages
in the different eco-regions are unknown. Therefore, the species
richness within the family may be underestimated. These types
of ecological studies are necessary for assessing the conservation
status of protected areas and for proposing management
strategies (Noss 1990; Favila & Halffter 1997; Braby &
Williams 2016).

Diversity has been separated into different components
(Whittaker 1972). Alpha diversity can be defined as diversity
at the local scale, with species richness being one of the most
studied measures of diversity (Magurran 2004). Various
overlapping definitions and concepts have been proposed to
define beta diversity (Anderson et al. 2011). In particular, the
turnover of species over time is described as temporal beta
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diversity. Research on species diversity changes over temporal
scales is essential to understanding community structures and
can reveal patterns about the permanence of communities over
time (Whittaker 1972; Anderson et al. 2011; Calderén-Patron
& Moreno 2012).

Long-term studies on Melolonthidae are scarce. Allsopp and
Logan (1999) and Buss (2006) studied their flight patterns and
abundances over several years, and Moron and Deloya (1991)
discussed some issues concerning temporal turnover. Other
related taxa (Scarabaeidae: Scarabaeinae) have been studied,
and significant changes in the assemblages over time have been
indicated in multiple studies (Howden & Howden 2001;
Quintero & Roslin 2005; Halffter et al. 2007; Escobar et al.
2008; Agoglitta et al. 2012).

This study aimed to analyse the richness, diversity and
turnover rate of the Melolonthidae assemblage in the RNECB
over a period of three years. We posed the following questions:
(1) How much do the richness, diversity and composition of
the assemblage change over a three-year period? (2) What is
the turnover rate of species among the sampling years in an area
without human disturbance? (3) Is there an environmental
variable that influences the richness and
melolonthids?

abundance of

MATERIALS AND METHODS

Study area

The study was conducted in a small protected area (7 ha), in the
RNECB (27°19'04"S — 58°57°00” W), located in Colonia
Benitez, Primero de Mayo Department, Chaco Province,
Argentina (Fig. 1). The study site is surrounded by modified

areas, such as patches of secondary forest and pastures for
livestock.

The climate of the region is subtropical, and according to
historical data (1991-2013), the average annual temperature is
21°C, with an absolute maximum of 42°C and an absolute
minimum of =3°C. The rainfall pattern shows maximum values
in the autumn and spring, with an average annual rainfall of
1300 mm (Basterra et al. 2013). The soils in the area can be
defined as sedimentary of fluvial and lacustrine origin and
consisting of fine material. The soils are characterised by a silty
loam texture, an average concentration of organic matter and
high phosphorus content, and they are strongly acidic (Ledesma
1995).

Biogeographically, the area is located in the Neotropical
region, a sub-region of the Eastern Chaco or Humid Chaco.
Despite its small size, the RNECB contains a high richness of
approximately 280 plant species (Ginzburg & Adamoli 2006).
The studied vegetation unit corresponds to a gallery forest,
composed of  Enterolobium  contortisiliqguum  (timbo),
Handroanthus heptaphyllus (lapacho negro), Peltophorum
dubium (ibira pitd), Astronium balansae (urunday), Phytolacca
dioica (ombu), Myrcianthes pungens (guabiyt), Prosopis alba
(algarrobo  blanco), nigra (algarrobo negro),
Caesalpinia paraguariensis (guayacan) and Chrysophyllum
gonocarpum (aguai) among other species (Chebez 2005).

Prosopis

Field activities

We collected the melolonthids in a gallery forest relict of the
RNECSB for three consecutive years (2010-2012), both in spring
(September 21st to December 20th) and in summer (December
21st to March 20th), because these two seasons correspond to
the periods of higher adult activity (flight and reproduction).
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Location of Colonia Benitez Educative Natural Reserve. Chaco Province,

Argentina. [Color figure can be viewed at
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On each sampling date, two light trap screens (2 m x 1.50 m)
were placed in the same locations. To optimise the attraction
radius of the light, the traps were installed in clearings inside
the forest. Each trap was illuminated with two fluorescent tubes
of 20 W, one with white light and the other with ultraviolet light.
The traps were separated by a distance greater than 50 m and
remained active for four hours after sunset. Light traps are one
of the most commonly employed methods in this type of study
(Ronqui & Lopes 2006; Steinbauer & Weir 2007; Garcia-Lopez
et al. 2010). The individuals captured were killed with ethyl
acetate vapour.

Temperature (maximum, minimum and average), relative
humidity and rainfall records were provided by the weather
station of Instituto Nacional de Tecnologia Agropecuaria
(INTA) Colonia Benitez. During the collection period, the
highest values of annual rainfall were recorded in 2010
(1517 mm), followed by 2011 (1217 mm) and 2012
(1178.6 mm). The absolute maximum temperatures (37.5 and
40.5°C) were recorded in November and December. During
the periods of study, the relative humidity averaged 72%, with
a maximum of 96% and a minimum of 56% (INTA 2015).

Laboratory activities

Individuals were identified using specific taxonomic keys and
compared with the material in the collections of the Museo
Argentino de Ciencias Naturales ‘Bernardino Rivadavia’
(MACN). Then, species were confirmed by the specialist Jhon
Cesar Neita Moreno. The collected specimens were deposited
in the collections of the Departamento de Biologia de los
Artrépodos, Universidad Nacional del Nordeste
(CARTROUNNE) and in the collections of MACN.

Data analysis

Sampling efficiency was evaluated using nonparametric
estimators: Chaol and Chao2. A sampling value was considered
efficient when the observed species richness was equivalent to
80% of the estimated richness. Nonparametric estimators were
calculated using the program EstimateS 8.0 (Colwell 2006).
For each sample year, a rarefaction curve based on the number
of individuals was drawn to compare the number of species
accumulated between years, standardised to the same sample
size (the number of individuals in the community with lower
abundance). Rare species were those with fewer than 10
specimens (Colwell 2006).

Diversity was assessed using the effective number of species
proposed by Jost (2006). This analysis used the first-order
diversity ('D), which is the exponential of the Shannon entropy,
and the second-order diversity (ZD), which is the inverse of the
Simpson index. These measures determine how much the
abundant species influence the extent of diversity. In ‘D, all
species are included with weights proportional to their
abundance in the community, and D includes only the most
abundant species (Gotelli & Chao 2013). To facilitate
comparisons with other studies, the Shannon index was also
calculated. To establish the differences in the abundance and
richness of the assemblage of beetles collected among different
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years, a non-parametric Friedman analysis for related samples
was performed using InfoStat software (Di Rienzo et al. 2008).

To verify changes in beetle composition among the years, we
used a one-way analysis of similarities (ANOSIM) with 10 000
permutations (Clarke 1993). The similarity of species between
years was measured using the classic Jaccard incidence rate
(Jetas)- The Jaccard index based on abundances (J,;,) and its
estimator () were also used, as proposed by Chao et al.
(2005). According to these authors, in communities with
numerous rare species, there is an increased probability that a
species present in two sampled assemblages will be collected
in one sample but not the other sample, erroneously introducing
a negative bias in similarity indices. Chao et al. (2005) referred
to these species as unseen shared species. The estimator based
on abundances (J,,,) includes the estimated effect of unseen
shared species, consistently reducing the bias introduced by
subsampling. These analyses were performed with the routine
provided in EstimateS 8.0 (Colwell 2006).

A Spearman test was used to analyse whether the abundance
ranks of species of each assemblage were correlated among the
three years. This test was also used to assess whether the species
richness and abundance were related to the environmental
variables. Richness and abundance values were each correlated
with each environmental variable. These variables were
precipitation at 7, 14 and 21 days before sampling and values
of temperature (maximum, minimum and medium), relative
humidity and moonlight percentage registered on the day of
collection. These analyses were performed using Past software
(Hammer ez al. 2014). In all analyses, the «v level of significance
a = 0.05 was used.

RESULTS

We collected a total of 474 individuals belonging to three
subfamilies, with 20 genera and 38 species. Dynastinae had the
greatest richness (S = 17; n = 108) and Rutelinae the largest
number of individuals (S = 13; n = 265), and Melolonthinae
was the subfamily with the lowest richness and abundance
(S =8, n=101). The best represented genus was Leucothyreus
with five species, followed by Bothynus and Liogenys, each with
four species. The species Blepharotoma plaumanni Frey 1973
and Plectris setiventris Moser 1918 are new records for
Argentina (Table 1).

According to the estimators Chaol and Chao?2, at least 91.7,
86.5 and 73.7% of the species were captured in 2010, 2011
and 2012, respectively. The estimators suggested that after the
three years between 91 and 89.5% of the species present in the
RNECB had been captured (Table 2). Species accumulation
curves for the three years showed an approach to the asymptote
only in the 2010 sample (Fig. 2).

The total diversity (y) value was 19.2 according to first-order
diversity ('D) and 13.6 according to second-order diversity D)
(Fig. 3a). The highest abundance and species richness was found
in 2010, and the greatest diversity was recorded in 2012 (Fig. 3b).
According to the accumulation species curve standardised to a
size of 113 individuals (Fig. 2), the same richness (S = 24) was

© 2017 Australian Entomological Society
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Table 1  Species abundance of Melolonthidae beetles for each sampled year in the RNECB, Chaco, Argentina
Subfamily/Tribe Species Years Total
2010 2011 2012 —
Dynastinae — — — — —
Cyclocephalini Chalepides luridus (Burmeister, 1847) — 2 1 3
Cyclocephala metrica Steinheil, 1874 3 1 — 4
Cyclocephala modesta Burmeinster, 1847 1 — 5 6
Cyclocephala ochracea Prell, 1937 1 2 — 3
Dyscinetus dubius (Olivier, 1789) — 4 3 7
Stenocrates agricola Dechambre y Hardy, 2004 29 — 8 37
Stenocrates holomelanus (Germar, 1824) 2 — — 2
Stenocrates rufipenis (Fabricius, 1801) 5 1 — 6
Pentodontini Bothynus exaratus (Burmeister, 1847) 6 4 — 10
Bothynus laevipennis Arrow,1937 2 — — 2
Bothynus cf. minor Steinheil, 1872 — — 1 1
Bothynus striatellus (Fairmaire, 1878) 1 1 1 3
Euetheola humilis (Burmeister, 1847) — 2 12 14
Phileurini Archophileurus chaconus Kolbe,1910 3 — 1 4
Phileurus angustatus Kolbe,1910 2 — 1 3
Phileurus bucculentus Ohaus, 1911 1 — — 1
Phileurus valgus (Olivier, 1789) 2 — — 2
Melolonthinae — — — — —
Diplotaxini Liogenys fusca (Blanchard 1851) 2 2 — 4
Liogenys obesina Frey, 1969 — — 4 4
Liogenys suturalis Blanchard, 1851 33 11 13 57
Liogenys tarsalis Moser, 1921 — — 1 1
Liparetrini Blepharotoma plaumanni Frey, 1973 2 — 3 5
Macrodactylini Plectris decipiens Burmeister, 1855 2 — 9 11
Plectris setiventris Moser, 1918 1 — — 1
Melolonthini Phyllophaga conformis (Blanchard, 1851) 2 6 10 18
Rutelinae — — — — —
Anomalini Paranomala testaceipennis (Blanchard, 1856) 6 — 1 7
Geniatini Geniates borelli Camerano, 1891 20 11 3 34
Geniates impressicollis Ohaus, 1911 3 29 4 36
Leucothyreus costatus chaconus Ohaus, 1931 — 1 5 6
Leucothyreus homonychius Ohaus, 1917 12 — 1 13
Leucothyreus marginaticollis Blanchard, 1843 20 4 13 37
Leucothyreus mutatus Harold, 1869 3 1 4 8
Leucothyreus sp. — 1 — 1
Lobogeniates tucumanensis Camerano, 1891 31 22 7 60
Rutelini Homonyx planicostatus argentinus (Gutierrez,1952) 1 — — 1
Pelidnota fulva Blanchard, 1850 32 8 16 56
Pelidnota richteri (Ohaus, 1910) 2 — 1 3
Strigidia crassipes (Ohaus, 1905) 3 — — 3
Number of individuals — 233 113 128 474
Number of species — 30 19 25 38

recorded in 2010 and 2012, and lower richness was recorded in
2011 (S = 19). The average numbers of species and individuals
per trap were highest in 2010 [(S = 12.8 = 4.8);
(n = 383 = 15.8)] followed by 2012 [(S = 10.5 = 2.1);
(n = 320 = 59)] and then 2011 [(S = 9.7 = 1.1)
(n = 28.5 = 4.5)], with maximum catches in December 2010
(S = 17, n = 85) and minimum in February 2011 (S = 3,
n = 4). According to the Friedman test, assemblages differed
significantly across the three years, both in richness (7° = 3.33,
P =0.04) and in abundance (T2 =5.60, P = 0.006) (Fig. 4).
The correlations of the assemblage abundance ranks between
sampling years were low and non-significant in any instance
[(2011 vs. 2012, 1y = 0.26, P = 0.15); (2010 vs. 2011, ry = 0.23,
P =0.18); (2010 vs. 2012, ry = 0.20, P = 0.24)]. The general
rank—abundance curves (Fig. 3a), representing assemblages of
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each year (Fig. 3b), showed a similar pattern. The assemblages
were composed of large numbers of rare species and small
numbers of moderately abundant species. In total, rare species
represented 69% of the total richness over all years, 80% during
2011 and 2012, and a lower proportion in 2010 (77%).

Table 2 Observed and estimated richness of Melolonthidae
beetles (percentage of completeness in parentheses) for each
sampled years and all years in the RNECB, Chaco, Argentina

Obs Chaol Chao2
2010 30 31.5 (95.3%) 32.7 (91.7%)
2011 19 22.0 (86.5%) 21.6 (87.8%)
2012 25 339 (73.7%) 31.5 (79.4%)
All 3 years 38 41.8 (91.0%) 424 (89.5%)




5

Changes in Melolonthidae assemblages

=]
-
[=]
~
.
:
:
:

40 1

sa12ads Jo Jaquin

‘200 300 400 500

Number of Individuals

100

Species accumulation curves related to the number of individuals of Melolonthidae beetles in the three separate years and during all

Fig. 2.

three years in the RNECB, Chaco, Argentina.

throughout the study, while Stenocrates agricola, one of the

Nevertheless, changes in the distribution of species abundance

most abundant species in 2010, was not collected in 2011 and

was rare in 2012.

over the three years were observed. Liogenys suturalis was one

of the few species that remained as the most abundant
throughout the study (Fig. 3b), unlike Geniates impressicollis,

The similarity analysis (ANOSIM) showed no significant
differences in species composition among the three years of the

in 2011 and rare in other
years. The abundance of Lobogeniates tucumanensis decreased

species

which was a highly abundant
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Richness and abundance of Melolonthidae beetles during three years in the RNECB, Chaco, Argentina. The graphs show the

median (solid line), mean (dashed line), 25-75% quartiles (boxes), atypical values (black dots) and extreme values (whiskers). Values with
different letters indicate statistically significant differences according to the Friedman test.

on incidence varied from 40 to 49% (Fig. 5). The lowest values
were observed between the 2010 and 2011 sampled collections;
out of the 35 species recorded, only 14 were present in both
collections. The similarities based on abundance were observed
to be between 66 and 71%, with 2010 and 2012 being the most
similar. The inclusion of the estimated effect of unseen shared
species resulted in a consistent increase of the similarity between
the assemblies (72-80%).

Melolonthidae abundance was correlated with the rainfall
registered 7 days before (7, =0.81; P=0.10) and with the relative
humidity (»,=0.91; P =0.03) (Table 3). In addition, the richness
was highly correlated with the mean temperature (r; = 0.99;
P =0.01) and the minimum temperature (7, = 0.90; P = 0.05),
followed by the level of rainfall registered 7 days before (r,=0.88;
P = 0.06) and the relative humidity (r, = 0.85; P = 0.08).
The annual rainfall was higher in 2010 (1517 mm) than in the
following years [(2011 = 1217 mm) and (2012 = 1178.6 mm)],
coinciding with the higher average catch per trap in that year.

DISCUSSION

The richness and diversity of Melolonthidae found in this study
were high, considering the small size of the area. The results
were similar to those reported by Otavo et al. (2013) in an
Amazonian rainforest and by Ronqui and Lopes (2006) in forest
fragments in southern Brazil. Likewise, the richness and
diversity were higher than recorded in studies in the forests of
both Mexico (Reyes-Novelo & Morén 2005; Yanes-Goémez &
Morén 2010; Lugo et al. 2013; Rivera-Gasperin et al. 2013)
and Colombia (Neita et al. 2006; Garcia-Atencia et al. 2015).
Nonparametric estimators indicated a satisfactory catch
percentage (>80%) for collections from 2010 and 2011.
Although the efficiency was lower in 2012, the diversity values
were higher. Furthermore, the pattern that characterised the
structure of the three assemblages included a large number of
rare species associated with few abundant species, a pattern that
has also been reported in other studies of the Melolonthidae
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Compositional similarity of Melolonthidae species among three years. Results are shown for the classic Jaccard index (J,), the

abundance-based Jaccard index (J;) and the abundance-based Jaccard estimator, which accounts for unseen species (/).
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Table 3  Correlation between species richness and abundance
against environmental variables over the three years of study in
the RNECB, Chaco, Argentina

Environmental variables Species Individuals
rs P rs P

Precipitation — — — —
7 days before sampling 0.88 0.06 0.81 0.10
14 days before sampling 0.24 0.44 0.52 0.25
21 days before sampling 0.24 0.44 0.39 0.32

Temperature — — — —
Maximum 0.54 0.24 0.36 0.35
Minimum 0.90 0.05 0.36 0.35
Medium 0.99 0.01 0.36 0.33
Relative humidity 0.85 0.08 091 0.03
Moonlight percentage 0.67 0.17 0.52 0.25

(Moron & Deloya 1991; Ronqui & Lopes 2006; Delgado et al.
2012; Otavo et al. 2013; Garcia-Atencia et al. 2015).

Regarding the first question asked in this study, our results
indicate that the distribution of species abundance was highly
variable over time, mainly in those species that presented larger
numbers of individuals. The species that were abundant in one
year were recorded in smaller quantities in another year (e.g.
Geniates  borelli, Geniates impressicollis, Lobogeniates
tucumanensis and Pelidnota fulva) or were not captured
(Stenocrates agricola and Leucothyreus homonychius). These
results suggest that in the subtropical region, Melolonthidae
assemblages can be significantly dynamic in terms of species
abundance, even over short periods of time. Buss (2006) studied
Melolonthidae beetles in open areas, and although those data
indicated fluctuations in the abundance of most species over
three years, the composition of the assemblage was consistent
over time.

Similarly, in a study of dung beetles in Mexico, Halffter ez al.
(2007) compared sample collections separated by several years
(4 to 12 years) and found that the variation in the distribution
of the abundances of species over time was remarkable in forests
and much lower in grasslands. Other studies that addressed the
changes in the abundance distribution of beetles over time found
similar results (Moron & Deloya 1991; Allsopp & Logan 1999;
Howden & Howden 2001; Quintero & Roslin 2005; Escobar
et al. 2008; Agoglitta et al. 2012).

Regarding the above, Halffter er al. (2007) stated that one
aspect to consider in a community is the temporal variation in
the distribution of species abundance, as a species may be rare
or even absent at one point in time and then abundant at another.
This variation has a marked effect on the expression of the
results, considering that sampling at one time may overstate the
differences between assemblages, but these differences may
disappear when the study is conducted during two or more
moments in a given period. In terms of our results, if the study
period had been restricted to 2011, the most abundant species
of Melolonthidae would have been G. impressicollis, and the
assembly would have had an intermediate richness, which may
have been only partially true.

Most studies on beetles that address temporal beta diversity
report a high turnover of species over time. Agoglitta ez al.
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(2012) measured higher temporal than spatial turnover values
in one study location. Furthermore, Escobar et al (2008)
reported that the similarity between beetle assemblages declines
as the time interval increases between surveys. In contrast,
Halffter et al. (2007) found that the species turnover increases
as the heterogeneity of the environment increases and recorded
the highest values of turnover in forests, intermediate turnover
in coffee plantations and the lowest turnover in grasslands. High
values of replacement have also been reported for Melolonthidae
beetles (Moron & Deloya 1991; Garcia-Lépez et al. 2010).

Regarding the second question asked in our study, the
turnover values calculated by the three indices (J.ju5 Jupa and
Jana) Were variable. The low similarity obtained from J,,, may
result from the large number of rare species, given that many
such species are represented by small populations that are
randomly caught (Halffter & Moreno 2005). The similarity
values of abundance (J,;,) were intermediate, and the highest
values were obtained from the estimator J,, indicating a
seemingly lower turnover than calculated by the other indices
(Jeras and J,p,). This result suggests that the missing species
would still be present in the RNECB and not captured only
because they were not attracted to the traps. In contrast, other
surveys conducted over longer study periods suggest that the
absence could be a result of the loss of local species.

Regarding the last question asked in this study, the
abundance and richness of Melolonthidae were correlated with
the relative humidity, the rainfall registered seven days before,
and the average and minimum temperatures. Utima and Vallejo
(2008), Delgado et al. (2012) and Garcia-Atencia et al. (2015)
have also reported correlations of Melolonthidae abundance
and richness with some of these variables. According to Morén
(1997), temperature and humidity most frequently determine
the presence of one or another species, although it is possible that
pH and soil texture are also significantly important for the
establishment and development of larvae. These and other
environmental variables could also influence the beetle
community, but unfortunately, they have not been measured.
The highest levels of rainfall were recorded in 2010, which
corresponded to the highest average catch per trap. Howden
and Howden (2001) associate the decline in the number of
species over time with two factors: competitive changes due to
the introduction of exotic species and climate change, mainly
due to the rainfall that produces changes in vegetation. However,
Pianka (1982) proposes that many communities may be
supersaturated with species without competitive exclusion
between them, because the climate changes and sudden
disturbances (periods of cold, drought, inundation etc.) are
responsible for the regulation of population sizes. Our findings
support Pianka’s hypothesis in which the environmental
variables are the most important change factors in the
assemblages from year to year.

The high richness of beetle assemblages has been attributed
to lower levels of disturbance, high complexity of the ecosystem
and good vegetation cover (Halffter & Arellano 2002; Favila
2005; Delgado et al. 2012; Hernandez et al. 2014; Damborsky
etal. 2015; Menegaz de Farias ez al. 2015). We could infer based
on the results obtained, that the RNECB is a well preserved
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fragment of native gallery forest and has a high ecological value.
Studies on other taxa in this reserve, such as Formicidae
(G6mez-Lutz & Godoy 2010), Araneae (Escobar et al. 2012)
and Isoptera (Godoy et al. 2013) have yielded similar results.

However, the high richness in forest fragments may be due to
the arrival of beetles from the surrounding environments as a
result of an edge effect, as some studies have reported (Favila
2005; Pineda er al. 2005; Peyras et al. 2013; Otavo et al.
2013). In a study in a Costa Rican reserve over three time periods
(1969, 1993 and 2004), Escobar et al (2008) observed
significant changes in the composition of the Scarabaeinae
community and suggested that those changes resulted in part
from habitat loss from areas near the reserve. In our case, the
RNECB has been reduced to a small island surrounded by
pastures used for livestock, and it is highly permeable to
common species from other areas that migrate to the forest.
Ibarra-Polesel er al. (2015) found species of dung beetles
common to open areas inside the RNECB. According to Halffter
and Moreno (2005), these species, called tourists, are the ones
that stochastically reach the sampling area.

Some of the collected species (Cyclocephala modesta,
Bothynus striatellus, Archophileurus chaconus, Liogenys fusca,
Liogenys suturalis and Paranomala testaceipennis) are
agricultural pests in the region (Frana 2007; Bonivardo et al.
2013) and could be considered tourist species because they are
frequent in the open agro-environments with high sunlight
exposure. However, Cherman ef al. (2014) found a high density
of Melolonthidae species considered nuisance species in
wilderness areas. That study suggested that the high density
was because of the large ecological amplitude of these species.
Therefore, the question remains whether these species are acting
as tourists or whether they live and grow in the forest because of
their ecological amplitude.

Finally, because indicator groups do not always respond in
the same way, this study provides another perspective on the
biodiversity and conservation status of the RNECB. Ibarra-
Polesel et al. (2015) found an intermediate richness of dung
beetles (Scarabaeinae) in this area and attributed that result to
the small number of mammals in the reserve. Similarly, the high
richness of phytophagous beetles from the Melolonthidae family
recorded in this study may be attributable to the high number of
plant species. The effect of tourist species associated with the
areas surrounding the reserve may be significant and may
potentially operate in the same way for both the dung beetle
and phytophagous assemblages. Studying various indicator
groups may provide different results (Halffter & Moreno 2005;
Pineda et al. 2005; Halffter et al. 2007) but may also lead to a
more comprehensive, complementary and accurate view of the
environmental state.

While this work lays the basis for future studies of Argentine
melolonthids and their use as bioindicators in conservation
research, many of the results have generated further questions.
It is necessary to conduct similar studies in other environments,
such as larger forests, given the edge effect of the reduced areas,
as well as in pastures to determine which species are behaving as
tourists. The techniques used in the collection should also be
considered. Although light traps are widely used in diversity
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studies and represent one of the most efficient methods for the
capture of Melolonthidae, the use of complementary capture
techniques may reduce the number of rare species and increase
the inventory by capturing non-phototropic species. Further, a
larger number of traps would surely also help decrease the
proportion of rare species captured. Many aspects of this study
were compared with studies on dung beetles (Scarabaeinae)
due to the wider variety and development of ecological studies
on that taxon. However, we must emphasise that the two groups
of beetles differ considerably in terms of life cycles and eating
habits.

In conclusion, our results suggest that the Melolonthidae
assemblage can be considerably dynamic in the small wooded
areas of the Argentine subtropics, even over relatively short
periods of time. Rare species play an important role in analyses
of the similarities between assemblages and could suggest
exaggerated turnover rates if we only consider similarity indices
based on incidence. Some climatic variables play important roles
in the collection of Melolonthidae. The high richness and
diversity found in the RNECB may be due to the robust
condition of the reserve or to the small area of the RNECB,
which may be affected by the surrounding environment, making
it permeable to the entry of species from adjacent areas.
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