Water beetles in mountainous regions in southeastern Brazil
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Abstract

Inventories provide information on the state of biodiversity at a site or for a geographic region. Species inventories are
the basis for systematic study and critical to ecology, biogeography and identification of biological indicators and key
species. They also provide key information for assessments of environmental change, for natural resource conservation
or recovery of degraded ecosystems. Thus, inventories play a key role in planning strategies for conservation and
sustainable use. This study aimed to inventory the fauna of water beetles, larvae and adults, in two mountainous regions
in the state of Sao Paulo, in Serra da Mantiqueira (Parque Estadual de Campos do Jordao and Pindamonhangaba region)
and in Serra do Mar (Santa Virginia and Picinguaba Divisions) as well as to generate information about the habitats
used by the different genera recorded. Specimens were collected in lotic and lentic systems, between the years 2005
to 2010. In total 14,492 specimens were collected and 16 families and 50 genera of Coleoptera were identified. This
study in mountainous regions showed a significant portion of the faunal composition of South America and the state
of Sao Paulo. The composition of the fauna, in terms of richness and abundance by family, indicated the predominance
of Elmidae, followed by Hydrophilidae and Dytiscidae. Despite the diversity found, the results of estimated richness
indicated the need for additional sampling effort for both regions, since the curves of estimated richness did not reach
an asymptote, suggesting that new species can be found in future surveys.

Keywords: survey, Parque Estadual da Serra do Mar, Parque Estadual de Campos do Jorddo, aquatic insects, Coleoptera,
richness estimator.

Coleoptera aquaticos em regioes montanhosas no sudeste do Brasil

Resumo

Os inventdrios fornecem informagdes do estado da biodiversidade de um local ou uma regido geografica. O inventdrio
de espécies € a base para o estudo de sistemdtica e é essencial para a ecologia, a biogeografia e a identificagcido de
bioindicadores e espécies-chave. Eles também fornecem informagdes fundamentais para avaliacdes de alteragdes
ambientais, para a conservacdo de recursos naturais ou a recuperacio de ecossistemas degradados. Assim, os inventrios
cumprem um importante papel no planejamento de estratégias de conservacao e uso sustentavel. Este trabalho teve
como objetivo inventariar a fauna de Coleoptera aquaticos, larvas e adultos, em duas regides montanhosas no Estado
de Sdo Paulo, na Serra da Mantiqueira (Parque Estadual de Campos do Jorddo e regido de Pindamonhangaba) e na
Serra do Mar (Nucleos Santa Virginia e Picinguaba), bem como gerar informagdes sobre os habitats utilizados pelos
diversos géneros registrados. Os espécimes foram coletados, em sistemas 16ticos e 1énticos, entre os anos de 2005
e 2010. No total, foram coletados 14.492 exemplares e identificados 16 familias e 50 géneros de Coleoptera. Este
estudo em regides montanhosas apresentou uma porgao significativa da composic¢ao faunistica da América do Sul e do
Estado de Sao Paulo. A composi¢do da fauna em termos de riqueza e abundancia por familia indicou a predominancia
de Elmidae, seguida por Hydrophilidae e Dytiscidae. Apesar da alta riqueza encontrada, os resultados indicaram a
necessidade de maior esforco amostral para ambas as regides, uma vez que as curvas de estimativa de riqueza nao
atingiram a assintota, sugerindo que novas espécies podem ser encontradas em levantamentos futuros.

Palavras-chave: levantamento, Parque Estadual da Serra do Mar, Parque Estadual de Campos do Jordao, insetos
aqudticos, Coleoptera, estimadores de riqueza.
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1. Introduction

Coleoptera is the most specious order of Insecta of
the Animal Kingdom, with about 1/5 of the organisms
described, and occurring in all continents except Antarctica.
The order has approximately 400,000 species described in
170 families, from which 12,600 species and 30 families
have aquatic representatives from the Neotropical Region
(Jach and Balke, 2008; Archangelsky et al., 2009).

The knowledge about the group in South America is very
uneven, as some families have a greater amount of research,
but most are poorly studied (Archangelsky et al., 2009).

The aquatic Coleoptera has been widely studied around
the world (Jach and Balke, 2008). This is due in part to
the importance this group in aquatic environments, both in
abundance and diversity (Gray, 1981; Ramirez and Pringle,
1998; Stenert et al., 2004; Tupinambas et al., 2007; Paula
and Fonseca-Gessner, 2010), as well as in the dynamics
of aquatic systems, as part of the energy flow and nutrient
dynamics (Larson, 1997; Peterson et al., 1999; Casatti et al.,
2009; Vinnersten et al., 2009; Cobbaert et al., 2010). In
recent years, water beetles have been gaining attention in
monitoring programmes and environmental assessments,
due to the sensitivity of some families to environmental
change (Hilsenhoff, 1977; Ribera and Foster, 1992; Ribera,
2000; Garcia-Criado and Fernandez-Aldez, 2001; Compen
and Céréghino, 2003).

Water beetles occur in a wide variety of habitats from
temporary ponds to small water deposits in bromeliads or in
hollow tree trunks (Larson, 1997). These insects are abundant
and diverse in lotic systems in water source areas, riffle and
pool areas, but also live in lentic environments, particularly
in shallower areas near margins along with macrophytes
(Ribera et al., 2002; Merritt and Cummins, 1996).

In Brazil, there are an increasing number of papers that
mention water beetle fauna, but most are of an ecological
nature and about the family. This problem is due to difficulties
in identification because of the lack of specialists for most
families and lack of identification keys for lower taxa
(genera and species). The studies of Archangelsky et al.
(2009), Merritt and Cummins (1996), Bertrand (1972) and
Leech and Chandler (1956) are noteworthy for quoting
various genera found in Brazil. In recent years, studies
related to taxonomy of water beetles (Spangler, 1990;
Costa et al., 1996; Vanin and Costa, 2001; Benetti et al.,
2003; Benetti et al., 2006; Ferreira Junior et al., 2006;
Passos et al., 2007; Braga and Ferreira Junior, 2009;
Fernandes et al., 2010; Queney, 2010) and ecology (Benetti
and Hamada, 2003; Passos et al., 2003a, b; Segura et al.,
2007a, b) are increasing. However, because of the incipient
stage of knowledge of the water beetles in the country,
further studies are needed.

Knowledge about water beetles is still incipient in
Brazil and particularly in the state of Sdo Paulo, with
the increasing human occupation and the subsequent
exploitation of natural areas, the generation of knowledge
of taxa and their natural environment is essential to help
establish priority areas for biodiversity conservation. Thus,
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studies on this group could be used in the generation of
tools to assess environmental impacts on water resources
in the region. This study had the purpose of surveying the
water beetle fauna in two mountainous regions in the state
of Sao Paulo, as well as to generate information about the
habitats used by different recorded genera.

2. Material and Methods

2.1. Study area

Sampling of water beetles was carried out in mountainous
regions of the state of Sdo Paulo: Serra da Mantiqueira
and Serra do Mar (Figure 1).

In Serra da Mantiqueira, the samplings were concentrated
in the Parque Estadual de Campos do Jorddo (PECJ) (22° 39
t0 22° 42’ S and 45° 26’ to 45° 31° W), also covering areas
of the county of Pindamonhangaba (Reserva Particular Sdo
Sebastido do Ribeirdo Grande and Parque Municipal de
Trabiji) (22° 44’ to 22° 50’ S and 45° 27" to 45° 31" W).
PECIJ has an area of 8,385 ha and is located in the city of
Campos do Jordao, with an average altitude of 1,650 m.
Vegetation consists predominantly of Tropical Rain Forest
and Mixed Forest (Araucaria angustifolia (Bertol.) Kuntze)
and Altitude Fields (Seibert, 1975). The climate of the region,
according to Koppen'’s classification, is Cfb type, subtropical
of altitude, and average annual rainfall of 1,800 mm. In
the city of Pindamonhangaba, collections were made in
private areas of the company Votorantim (Forest Reserve
Séo Sebastido do Ribeira Grande) and in the Parque Natural
de Trabiji. The predominant vegetation at both sites is
composed of Altitude Fields and Montane Tropical Rain
Forest (Hueck, 1972). The climate of Pindamonhangaba,
according to the Koppen classification, is of Cwa type,
humid subtropical with dry winter and hot summer, with
annual average rainfall of 1,000 mm.

The collections in Serra do Mar were conducted in Santa
Virginia (23° 19’ to 23° 26’ S and 45° 03’ to 45° 14* W)
and Picinguaba Divisions (23 15” to 23° 27" S and 44° 45°
to 45° 13° W).

In Santa Virginia, vegetation is characterised as
Montane Tropical Rain Forest, with some stretches of
Altitude Fields and Cloud Forest, and is located between
the cities of Natividade da Serra, Sdo Luis do Paraitinga,
Cunha and Ubatuba, with altitudes between 870 and 1,100.
The regional climate is tropical wet (Af), no dry season,
according to Koppen'’s climate classification. The annual
average rainfall is 2,180 mm, the wettest months being
December, January and February. Picinguaba Division
is located in Ubatuba and has an area of approximately
8,000 ha. This division has great ecological significance;
as it forms an ecological corridor between Parque da
Serra do Mar and Parque Nacional da Serra da Bocaina,
forming a large conservation area. The area covers an
altitudinal gradient from zero to the altitude of 1,300 m
and a gradient of herbaceous marsh vegetation, swamp
and Montane Tropical Rain Forest. The regional climate
is hot and humid (Af), according to Koppen, with high
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temperatures and high rainfall, without water deficit seasons
(Silveira, 1964). The annual average rainfall is 2,200 mm.

2.2. Sampling and identification

Samples were collected in 16 sampling periods
between August 2005 and February 2010, by using three
techniques in order to sample the different available habitats:
Network “D” and Surber sampler (0.0361 m? area), both
with mesh of 0.25 mm and manual collection of substrates
(woody debris). Additionally, samples were collected by
using light traps of sheet type and a tray with alcohol and
lights (white and black-UV) near the banks of streams,
but these were not effective for obtaining specimens of
water beetles. The mesohabitats explored were the most
varied, from ponds and lakes with macrophytes (lentic
systems), waterfalls, riffles and pools areas with deposits
of leaves, roots and sand, woody debris and hygropetric
environments. The material collected was fixed in 4%
formalin and transported to the laboratory, washed in a
mesh of 0.25 mm, then sorted under a stereomicroscope
and preserved in 80% ethanol.

The identification at the genus level was based on the key
proposed by: Hinton (1940), Brown (1972), Tremouilles et al.
(1995), Glaister (1999), Manzo (2005), Passos et al.(2007),
Manzo et al. (2008) and Archangelsky et al. (2009).

22°27'S
45°31'W

S 45903 W

All material is now kept in the Aquatic Insects Collection
of the Ecology Laboratory at the Federal University of Sdo
Carlos, Sdo Carlos (SP) and part of this will be transferred
and deposited in the Museu de Zoologia, Universidade
de Sdo Paulo.

2.3. Data analysis

The total taxa richness in Serra da Mantiqueira and
Serra do Mar was estimated by nonparametric richness
estimators: Jackknife (1 and 2), Chao (1 and 2), Bootstrap,
ICE and ACE. These estimates allow us to evaluate the
efficiency of inventory and methods (Colwell and Coddington,
1994). Furthermore, accumulation curves were built to
assess how close the study is to capturing all species of
the site. For this analysis Estimate S 7.5.0 software was
used (Colwell, 2005). The curves of genera accumulation
and estimators were generated from 500 randomisations.

Species richness is an extremely useful measurement
as a diversity variable, but may be influenced by the
number of individuals collected and the sampling effort
(Fisher et al., 1943). For these reasons, the technique
of abundance rarefaction was used to compare richness
between Serra da Mantiqueira and Serra do Mar based
on the calculation of the expected number of species
for a standardized sample size. Curves were generated

PECJ

‘ 45°38'W

22°51'S

23°15'S

45° 15'W
23°27'S

Figure 1. Map showing the location of the areas studied in the Serra da Mantiqueira (PECJ-Parque Estadual de Campos do
Jordao and RP - Pindamonhangaba region) and Serra do Mar (NSV- Santa Virginia Division and NP- Picinguaba Division),

located in the state of Sdo Paulo, Brazil.
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from 1000 randomisations with a confidence interval of
95%. The rarefaction was performed using the ECOSIM
7.0 program (Gotelli and Entsminger, 2010).

3. Results

This study collected 14,492 specimens in 50 genera
of Coleoptera belonging to 16 families, based on the joint
effort of different sampling techniques in different sampled
environments (Table 1). Among the families, Elmidae was the
most representative, found in all sampled environments. This
family was represented by 15 genera and genus Huleechius
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was recorded for the first time in Brazil. Approximately
50% of the families are represented by one genus (Figure 2).

In streams of Serra da Mantiqueira, 43 genera and
16 families were recorded, eleven genera occurred
exclusively in this area: Amarodytes, Hydrovatus, Helochares,
Hydrophilus, lapir, Helichus, Liodessus, Tropisternus,
Gyrinus, Hydraena and Scirtidae Género 2. Besides
these, Chrysomelidae, Lampyridae, Nitidulidae and
Staphylinidae families were also recorded exclusively in
Serra da Mantiqueira.

In Serra do Mar 33 genera were collected distributed in
11 families. The genera with exclusive occurrence in this
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Figure 2. Contribution of genera of each family of water beetles recorded in mountainous regions in Southeastern Brazil,

between August 2005 and February 2010.
50 -
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Estimated richness
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1 30 60 90

140 200 350 500 650 800 1100 1400 1700 2000 2300 2632 3500

Individuals

Figure 3. Rarefaction curves of the water beetles genera collected in Serra da Mantiqueira (black line) and Serra do Mar
(gray line) between the years 2005 to 2010, produced from 1000 randomisations of the samples order.
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region were: Anacaena, Oocylus, Laccophilus, Laccodytes,
Copelatus, Hexanchorus and Elmidae S.

Some families were collected only in the larval stage, such
as Lampyridae, Scirtidae, Psephenidae, Ptilodactylidae and
some genera of Elmidae, while others like Torridincolidae,
Nitidulidae, Hydraenidae and most genera of Dytiscidae
were collected only in adults.

45 -

Cumulative number of genera

The richest mesohabitat, among all the explored
ones, was leaf/riffle (38 genera), and the lowest richness
was recorded in hygropetric environments (05 genera)
(Table 1). In Serra da Mantiqueira, it was not possible to
sample in temporary ponds, but only in lakes and dams,
while in Serra do Mar, dam samples collected showed a
weak current mischaracterising the lentic environment.

0 T T T T T T T T T T T T T T T T T 1
17 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109
Samples
ACE =44.26 + 1.07 ICE=41.86+0.01 Chao 1 =42.13 +6.08 Chao 2 =46.67 = 10.27
Jackknife 1 =43.93 +2.71 Jackknife 2 =48.86 + 0 Bootstrap = 39.52 + 0
55

Cumulative number of genera

0 T T T T T T T

1 11 21 31 41 51 61 71 81

Samples

91 101 111 121 131 141 151 161 171

Jackknife 1 =58.92 £5.17

ACE =64.96 = 1.49 ICE=72.81+0.02 Chao 1 =59.4 +11.18 Chao 2 =64.6 + 14.36
Jackknife 2 = 67.85+0

Bootstrap = 50.93 + 0

Figure 4. Graphs of taxa accumulation curves for Serra do Mar (a) and Serra da Mantiqueira (b) and richness estimators of
water beetles collected in various environments, between 2005 and 2010, produced from 500 randomizations. Solid lines
represent the average curves and dotted lines the standard deviation of each curve. Qualitative non-parametric estimates of

genera richness are presented for the full sample.
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An abundance of specimens of Lutrochidae family was
recorded in pool areas with woody debris.

Rarefaction curves confirmed higher genera richness
in Serra da Mantiqueira (Figure 3). Accumulation curves
of genera for Serra da Mantiqueira and Serra do Mar
presented ascending shape, with great confidence interval
(Figure 4). These results, combined with the richness
estimates, showed a trend of increasing number of genera
with increasing sampling effort.

4. Discussion

Currently there are about 30 recognised families
of Coleoptera with aquatic representatives (Jach and
Balke, 2008) in the world. From these, 29 families are
recorded in South America with approximately 190 genera
(Archangelsky et al., 2009; Tremouilles et al., 1995). In
Brazil there are no records of the total number of families
of Coleoptera with aquatic representatives. Only two
surveys were conducted in Brazil, one in the Northern
Region (Manaus), which recorded 12 families in 50 genera
(Benetti and Hamada, 2003) and in marshes in the state of
Rio de Janeiro (Ferreira Junior et al., 1998) which recorded
six families in 33 genera. More recently, three papers have
been published for the state of Rio de Janeiro, particularly
for the families Dytiscidae, Noteridae, Hydrophilide and
Elmidae (Ferreira Junior and Braga, 2009; Passos et al.,
2009; Santos et al., 2009). In the state of Sao Paulo,
17 families are registered with aquatic representatives
in at least one life stage (Segura et al., 2011). Thus, the
present study, which covers the mountainous regions of
Sao Paulo state, recorded a significant portion of the fauna
composition of South America (59%) and state (94%).

These results emphasize that these mountainous regions
of the state of Sdo Paulo harbour a high diversity of aquatic
insects, as demonstrated in several studies (Bispo and
Oliveira, 2007; Spies and Froehlich, 2009; Siegloch, 2010).
Thus, the high proportion of Coleoptera and other insects
is possibly related to peculiarities of local conditions such
as altitude and vegetation formations (Tropical and Mixed
Rain Forest) and especially by the state of preservation of
the regions concerned.

In general, Serra do Mar and Serra da Mantiqueira have
a similar richness, but some genera have been recorded
exclusively for each strand. The genus Hexanchorus, found
only in Serra do Mar, has a preference for streams and
their larvae are collected on rock surface and in waterfall
areas (Splanger and Santiago-Fragoso, 1992). The genus
Gyrinus was registered only in the Parque Estadual
de Campos do Jordao associated with the only lentic
environment sampled in this area. The genus is common
in habitats with lower water velocity, being abundant in
lentic systems and pool areas.

The results of richness and abundance of Coleoptera
found in this study corroborate with the patterns reported
in the literature on water beetles, in which some authors
highlight Elmidae as the most common and numerous
inhabitants of streams and rivers (Brown, 1987; Spangler,

318

1981) and most samples in this study were collected in
lotic environments.

The high richness of genera of the Elmidae family
recorded in this study (15 genera) is highlighted when
compared to the richness found in other studies in different
areas of Brazil. As an example, studies conducted in the
state of Rio de Janeiro, where 12 genera were recorded
(Passos et al., 2007) and the state of Amazonas, with
16 genera recorded (Fernandes, 2010).

Some groups were collected only at the larval stage such
as: Scirtidae, Psephenidae, Ptilodactylidae, Lampyridae,
some genera of Elmidae, Hydrophilidae and Dytiscidae.
Among families Scirtidae, Psephenidae and Ptilodactylidae,
adults are terrestrial and live in the riparian zone, flying or
walking on rocks or vegetation (Spangler, 1981; Brown,
1987), Lampyridae is mainly terrestrial with few aquatic
representatives in larval stage (Jach and Balke, 2008).
Other representatives of family Elmidae (Hexanchorus)
belong to subfamily Larainae, most of whose species are
only truly aquatic in the larval stage; adults can be found
on the banks of the water body or on emerged rocks and
tree trunks. They enter the water only to lay eggs and/
or to feed on periphyton (Brown, 1972; Spangler and
Santiago-Fragoso, 1992; Spangler and Staines, 2003).

On the other hand, the opposite situation was observed
for other genera, for which only adults were found in the
samples. Most water beetles present larval stage or both
stages (larvae and adult) predominantly submerged. Adults of
genera Helichus (Dryopidae) and Hydraena (Hydraenidae)
occur widely distributed in streams, while their larvae are
terrestrial or riparian, living on stones, wood and fallen
leaves on the banks of aquatic environments (Jach et al.,
2005; Brown, 1987 ).

The type and size of substrate are important in the
distribution and colonisation of benthic invertebrates
(Cummins and Lauff, 1969; Minshall, 1984). According
to Sanseverino et al. (1998), most aquatic insects can
occupy more than one type of substrate; only some groups
are restricted to specific substrates. In this study, the
mesohabitat with greater richness of Coleoptera was the
substrate of leaves in riffles. Packages of leaves are physical
structures used as habitat for invertebrates, providing
refuges against predation and water flow, as well as a food
source (Richardson, 1992), probably due to microbial flora
associated with the leaves (Reice, 1980), providing greater
availability of debris, because the invertebrates are classified
as scrapers and/or collectors (Cummins and Klug, 1979;
Seagle, 1982; Tavares and Williams, 1990). The lower
taxa richness was recorded in hygropetrics environments,
which does not reflect the preference of the genera found,
as these genera were found in several mesohabitats. The
lowest richness in hygropetrics environments may just be
a sampling artifact, because, when performing the faunal
inventory, collection effort was not standardized among
mesohabitats. A great richness of Lutrochus genus could
be collected in the substrate consisting of woody debris.
This genus is known as associated with decaying wood
(Ide et al., 2005; Costa et al., 1996).
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The estimates in both areas indicated a need to broaden
the sampling effort, since the curves of estimated richness
did not stabilize, suggesting that new records can be made
in future surveys. However, communities that have many
rare genera hardly reach the asymptote (Santos, 2003).
So, the use of other sampling techniques (e.g. the use
of traps with trays buried in the ground near water) and
sampling of other habitats (e.g. on the banks of streams in
moist areas on leaves and fallen tree trunks) may result in
a significant increase of the recorded genera, since many
genera, not yet registered in Brazil, are known to South
America (Archangelsky et al., 2009).

The high richness of water beetles found in this
study as well as records for the state, emphasizes the
importance of conservation and preservation programmes
in these areas, since they are fragmented landscapes and
subject to pressure from the surrounding areas. In Serra
da Mantiqueira, especially in the Parque Estadual de
Campos do Jorddo, there are records of annual burning
and grazing in some areas (Spies and Froehlich, 2009).
In Pindamonhangaba, the environment is marked by vast
plantations of Eucalyptus (Siegloch, 2010). Therefore,
considering the importance of these areas for biodiversity
protection, including Coleoptera, it is of utmost importance
to create new protected areas and the effective maintenance
of existing protected areas.
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