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Abstract: The study of coleopteran assemblages associated with the canopies of tropical forests can help to expand
the knowledge about species diversity and the ecological patterns related to the distribution of this diversity in tropical
environments, including wetlands such as the Brazilian Pantanal. In this scenario, the present study examined the
effect of temporal variation on the abundance, richness and distribution of the Coleoptera assemblage associated
with canopies of Callisthene fasciculata (Spr.) Mart. (Vochysiaceae) throughout the dry and high-water seasonal
periods in the Northern Pantanal of Mato Grosso, Brazil. Twelve specimens of C. fasciculata were sampled between
2010 and 2011, six per seasonal period, by thermal fogging with insecticide. A total of 1,663 coleopterans were
collected, consisting of 1,572 adults and 91 larvae. The adults are distributed into 38 families and 251 species or
morphospecies. Chrysomelidae, Curculionidae, Nitidulidae and Tenebrionidae predominated in terms of abundance
and richness. Family distribution, abundance, species richness and trophic guilds varied between the dry and
high-water periods, demonstrating a relationship with the phenological conditions of C. fasciculata in addition
to seasonality effect. In conclusion, the seasonality imposed by the hydrological regime and its influence on the
phenology of C. fasciculata affect the structure of the coleopteran assemblage associated with the canopy of this
monodominant vegetation formation in the Pantanal of Mato Grosso.

Keywords: Beetles; Biodiversity; Seasonality; Wetlands.

Coleopteros (Hexapoda, Coleoptera) associados as copas de Callisthene fasciculata
(Spr.) Mart. (Vochysiaceae) no Pantanal brasileiro

Resumo: O estudo de assembleias de coledpteros associadas as copas de florestas tropicias contribui para a expansao
do conhecimento sobre a diversidade de espécies e os padrdes ecologicos relacionados a distribuigdo dessa diversidade
em ambientes tropicais, incluindo areas imidas como o Pantanal brasileiro. Nesse cenario, o presente estudo avaliou o
efeito da variag@o temporal sobre a abundancia, riqueza e distribui¢do da assembleia de Coleoptera associada as copas de
Callisthene fasciculata (Spr.) Mart. (Vochysiaceae) ao longo dos periodos de seca e cheia na regido norte do Pantanal de
Mato Grosso, Brasil. Doze exemplares de C. fasciculata foram amostrados entre 2010 e 2011, seis por periodo sazonal,
utilizando-se termonebuliza¢do com inseticida. Um total de 1.663 coledpteros foram coletados, consistindo em 1.572
adultos e 91 larvas. Os adultos se distribuem em 38 familias e 251 espécies e morfoespécies. Chrysomelidae, Curculionidae,
Nitidulidae e Tenebrionidae predominaram em termos de abundancia e riqueza. A distribui¢do das familias, abundancia,
riqueza de espécies e agrupamentos em guildas tréficas variaram entre os periodos de seca e cheia, evidenciando uma
estreita relagdo com as condi¢des fenoldgicas de C. fasciculata ocasionadas pelo efeito sazonal dessa regido. Conclui-se que
a sazonalidade imposta pelo regime hidrologico do Pantanal e sua influéncia sobre a fenologia de C. fasciculata afetam a
estrutura da assembleia de coledpteros associados as copas nessa formagao monodominante no Pantanal de Mato Grosso.
Palavras-chave: Areas inunddveis; Besouros; Biodiversidade; Sazonalidade.
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Introduction

The forest canopy is habitat to a high number of organisms. Different
animal assemblages occupy the niches available in those habitats
according to their complexity, structure and dynamics as well as their
close relationship with the maintenance of forest stability (e.g. Basset
et al. 2003a, Erwin 2013, Fotis et al. 2018). In this forest stratum, the
availability of a greater variety of food resources is essential for the
maintenance of a high number of species such as those of the Order
Coleoptera, which participate in various ecological processes in the
forest canopy due to its richness and multiple food habitats (Erwin
1983, Hammond et al. 1996, Adis et al. 2010).

Studies on tree canopies have related the interaction of these insects
to specific plant hosts, indicating the existence of very close evolutionary
relationships between plants and coleopterans involving pollination,
herbivory, seed predation, as well as activity as trophic links in food
chains (Basset 1992, @degaard 2003, 2004, Novotny & Basset 2005).
Some coleopterans utilize those habitats in only one of the phases of
their life cycle; e.g. Curculionidae and Chrysomelidae species which
complete larval development in the soil and migrate to the forest canopy
when adult (Adis 1988, Lawrence & Britton 1991), or Cerambycidae
species which use the plant hosts when adult and synchronize their larval
development on branches fallen to the ground to the flood cycles in
flooded areas like the Pantanal (Marques et al. 2014). In addition to the
interactions between coleopterans and their plant hosts, these insects are
widespread through aquatic and terrestrial ecosystems, constituting the
most numerous and diverse Order of the Animal kingdom, where they
represent 35% of all known insects (Marinoni 2001, Casari & Ide 2012).

Studies in the Northern Pantanal of Mato Grosso have reported
the existence of Coleoptera assemblages with high species richness
values associated with different terrestrial habitats (Carneiro et al. 2006,
Marques et al. 2016), and plant hosts, including Attalea phalerata Mart.
(Arecaceae) (Santos et al. 2003, Battirola et al. 2014), Calophyllum
brasiliense Cambess. (Calophyllaceae) (Marques et al. 2007), and
Vochysia divergens Pohl. (Vochysiaceae) (Marques et al. 2001, 2006).
These studies also demonstrated the temporal variation of those
assemblages as a function of the dry and high-water periods, which are
characteristic of this Pantanal region. This confirms their complexity
and importance for the maintenance of the biodiversity of this floodplain
(Junk et al. 2006, 2013, Wantzen et al. 2016, Tomas et al. 2019).

In addition to the specific hydrological conditions in the northern region
of the Pantanal, its landscape formed by a mosaic of forest and field units,
flooded or permanently dry, makes studies on the diversity associated with
these different types of habitats, fundamental to understand the dynamics of
this ecosystem (Junk et al. 2006), mainly, assessing groups with high species
richness as Coleoptera. In this mosaic of landscapes, monodominant forests
stand out, as important elements in the Northern Pantanal region (Nunes da
Cunha & Junk 2014), as the formations of Callisthene fasciculata (Spr.) Mart.
(Vochysiaceae) (Corsini & Guarim-Neto 2000). In these forest formations,
considering the specific and in-depth discussions that each taxonomic
group needs, specific results to some arthropod groups associated with C.
Jasciculata canopies have already been published as spiders (Yamazaki et
al. 2017), and ants (Yamazaki et al. 2016). Despite this, evaluations with
other taxonomic groups are still needed to know the real richness of species
present in these region.

In view of the importance of conserving wetlands to maintain the
great biological diversity of those ecosystems as well as the complexities
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of coleopteran assemblages in the forest canopy, the present study
examines the effect of temporal variation on the abundance, richness and
distribution of the Coleoptera assemblage associated with C. fasciculata
(Spr.) Mart. (Vochysiaceae) canopies as a function of the high-water and
dry seasonal periods in the Northern Pantanal of Mato Grosso, Brazil.

Materials and methods

1. Study area

Sampling was carried out in a seasonally flooded monodominant
forest with predominance of C. fasciculata, locally called “carvoal”,
in the northern region of the Pantanal of Mato Grosso, on Porto
Cercado road, specifically, at the Alvorada farm (16°26°56” S and
56°24°33” W), in Poconé - MT, Brazil (Figure 1). The local climate
is a tropical savannah characterized by dry winters and wet summers,
with temperatures ranging between 22 and 32 °C (Hasenack et al. 2003),
and an AW type under the Koppen classification. Annual precipitation
varies between 1,000 and 1,500 mm, with periods of rainfall below
10 mm occurring over several months. This region has well-defined
seasons, with a rainy period between October and March and a dry
period between April and September, resulting in a hydrological cycle
with four distinct seasonal periods (high water, receding water, dry
period and rising water) (Heckman 1998).

As discussed by Yamazaki et al. (2016, 2017), C. fasciculata is a
tree that reaches between four and 15 m in height and has a dark, thick

Figure 1. Location of the study area at Alvorada farm (A) in the Northern
Pantanal of Mato Grosso, on Porto Cercado road, in Poconé — Mato Grosso,
Brazil (B and C).

and very rough bark (Pott & Pott 1994). The flowering period occurs
between September and October, together with the dispersion of seeds
generated in the previous year (Custodio et al. 2014). The species is
characterized as deciduous, with no leaf fall or partial leaf fall from
the rising water to the beginning of the dry period and total leaf fall at
the end of the dry period. During the high-water period C. fasciculata
presents well-developed foliage (Corsini & Guarim-Neto 2000).
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2. Methodology

Canopy fogging was performed in 12 C. fasciculata canopies,
six during the high water (February/2010) and six in the dry period
(September/2011). The trees were selected during the dry and high-
water periods, maintaining a minimum distance of 10 m between each
specimen. All of them were between 10 and 12 m high, with isolated
crown, without interference from branches and foliage of other plants
in the same area. The absence of epiphytes, bird nests and colonies of
social insects (e.g. ants, bees and termites) was also observed, according
to the criteria proposed by Adis et al. (1998), and the methodological
procedures of Battirola et al. (2004), and Yamazaki et al. (2016, 2017).
The entire diameter at the base of the trees was surrounded by nylon
funnels (area of 1 m? each) distributed according to the reach and
architecture of the canopy, totaling 120 m? of sample area (10 m? per
sampled tree). The base of each collecting funnel contained 92% alcohol
in a plastic collecting vial which was suspended 1 m from the ground by
ropes tied to neighboring trees (Yamazaki et al. 2016, 2017). During the
high-water period, the funnels were suspended 1.5 m from the ground
due to raised water levels in the forest (water depth ranged from 0.1 to
0.3 m) (Yamazaki et al. 2016, 2017).

Canopy fogging was carried out for 10 min in each tree, using 0.5%
Lambdacialotrin (Icon®) synthetic pyrethroxide diluted in two liters of
diesel oil at a concentration of 1% (20 ml), combined with Synergist
(DDVP) 0.1% (2 ml). The thermo-fogger used was Swingfog SN50,
which produces a strong jet that is directed from the ground to all parts of
the canopy. These procedures always occurred at approximately 06h00,
when air circulation is less intense, allowing the insecticide cloud to
rise slowly through the canopy without dispersing (Adis et al. 1998).
Collections were carried out two hours after insecticide application
(fogging) on each sampled tree, which the recommended time frame
for this action (Adis et al. 1998). Following this procedure, the funnel
walls were manually shaken and washed with a spray containing 92%
alcohol and the material was packed in collection flasks located at the
funnel bottoms (Yamazaki et al. 2016, 2017).

The collected material was transported to the Biological Collection
of Southern Amazon (ABAM), at the Federal University of Mato
Grosso, in Sinop - MT, Brazil, to be screened and quantified. All
adults were identified at the family level according to Bouchard et al.
(2011), Triplehorn et al. (2011) and Casari & Ide (2012). After this
procedure, they were identified at the lowest possible taxonomic levels
(Appendix A) at the Collection Reference of the Laboratory of Ecology
and Taxonomy of Arthropods (LETA) at the Institute of Biosciences
at the Federal University of Mato Grosso, in Cuiaba - MT, and Padre
Jesus Santiago Moure Entomological Collection, in the Department of
Zoology at the Federal University of Parand, in Curitiba - PR, where
the control material is deposited. The trophic guilds were determined
following Arnett (1963), Erwin (1983), Hammond et al. (1996) and
Marinoni et al. (2001).

3. Data analysis

The variation in Coleoptera abundance and richness between the dry
and high-water periods was evaluated based on the t test. To determine
the distribution of Coleoptera clusters between the trophic guilds
and between the dry and high-water periods, indirect ordination was
accomplished via Non-Metric Multidimensional Scaling (NMDS), using
the first ordination axis. Ordination was carried out using quantitative
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data and the Bray-Curtis similarity measure. Species richness was
estimated based on the Bootstrap and Jackknife 1 estimators. The Vegan
package (Oksanen et al. 2013) was used for the analyses of NMDS
and richness estimates. All analyses were performed using R software
version 3.0.1 (R Core Team 2013).

Results

1. Coleoptera assemblage

A total of 1,663 coleopterans were sampled from 12 canopies of
C. fasciculata, consisting of 1,572 adults (94.5%; 13.1 ind./m?) and 91
larvae (5.5%; 0.8 ind./m?). The adults were distributed into 38 families
and 251 species and morphospecies. The predominant families were
Chrysomelidae (447 ind.; 28.4%; 3.7 ind./m?), Curculionidae (317 ind.;
20.2%; 2.6 ind./m?), Nitidulidae (188 ind.; 12.0%; 1.6 ind./m?) and
Tenebrionidae (118 ind.; 7.5%; 1.0 ind./m?), totaling 1,070 individuals
(68.7% of the total sampled; 8.9 ind./m?). Among the 38 families,
14 occurred exclusively in the high-water period (e.g. Nitidulidae,
Elateridae and Ptilodactylidae), whereas Hydraenidae, Melyridae,
Monotomidae and Ptiliidae where the families which occurred only in
the dry period (Table 1).

A total of 251 Coleoptera species and morphospecies were
identified. The Bootstrap richness estimator indicated that 306 species
should be sampled, whereas Jackknife 1 pointed to the possibility
of sampling of 380 species. Therefore, the sampling corresponded
to 82 and 66% of the species expected for the assemblage,
respectively (Figure 2). The greatest species richness was recorded
for Chrysomelidae (40 spp.) and Curculionidae (40 spp.), followed
by Staphylinidae (23 spp.), Tenebrionidae (14 spp.) and Elateridae
(12 spp.), representing 51.4% of the total richness obtained. Although
Nitidulidae was numerically abundant, only five species were recorded,
and Staphylinidae exhibited elevated richness, it showed low abundance
(53 ind.; 3.4%; 0.4 ind./m?) (Table 1).

Typophorus florigradus Bechyné, 1961 (Chrysomelidae,
Eumolpinae) (272 ind.; 17.3%; 2.3 ind./m?), Mystrops sp. 3
(Nitidulidae, Nitidulinae) (117 ind.; 7.4%; 1.0 ind./m?), Pandeleteius
sp. 1 (Curculionidae, Entiminae) (85 ind./5.4%; 0.7 ind./m?), Lechriops
sp. 2 (Curculionidae, Conoderinae) (75 ind.; 4.8%; 0.6 ind./m?) and
Antitypona sp. 1 (Chrysomelidae, Eumolpinae) (70 ind.; 4.4%; 0.6 ind./
m?) totaled 619 individuals (37.2%; 5.2 ind./m?), corresponding to the
most abundant species in this assemblage (Appendix A).

2. Temporal variation

A comparison via indirect ordination of the data of the Coleoptera
family (NMDS) between the high-water and dry periods revealed a
stress index of 0.12. The result of the t test, which compares the scores
of the axis, revealed differences between the distribution of families
for the two periods (t test =—10.269; DF = 8.603; p <0.001) (Figure 3)
and also that the high-water and dry periods are different regarding
abundance (t test =5.329; DF = 7.167; p = 0.001) and species richness
(t test =4.338; DF = 6.853; p = 0.004) (Figures 4A and B).

With regards the abundance of the Coleoptera assemblage, 1,324
individuals were sampled in the high-water period, consisting of 1,251
adults (94.5%: 20.8 ind./m?) and 73 larvae (5.5%; 1.2 ind./m?). The
adults were represented by 34 families and 184 species. The most
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Table 1. Number of individuals (N), relative abundance (%), density (ind./m?), richness (S) and trophic guilds of Coleoptera obtained from
Callisthene fasciculata canopies in the high-water and dry periods in the Northern Pantanal of Mato Grosso. *Saprophage (S), Fungivore (F),
Herbivore (H), Predator (P), Decomposer (D), Feeding habit considered secondary ( ).

Families/Subfamilies HIGH WATER DRY SEASON TOTAL Trqphic
N % Ind./m? S N % Ind./m? S N % Ind./m? S Guilds*
Aderidae 2 0.2 <0.1 2 4 1.2 0.1 3 6 0.4 <0.1 4 S
Anthribidae (Anthribinae) 2 0.2 <0.1 2 2 0.6 <0.1 2 4 0.2 <0.1 4 F
Bothrideridae 20 1.6 0.3 1 4 1.2 0.1 1 24 1.5 0.2 1 H
Brentidae (Apioninae) 8 0.6 0.1 3 12 3.7 0.2 5 20 1.3 0.2 7 H
Buprestidae 2 0.2 <0.1 2 60 18.7 1.0 3 62 39 0.5 4 H
Carabidae 58 4.6 1.0 15 13 4.0 0.2 9 71 4.5 0.6 19 P
(Harpalinae) (48) (82.8) (0.8) (12) (12) (92.3) (0.2) ®) (60) (84.5) (0.5) (16) P
(Paussinae) 2) (B4 (<0.1) (D) - - - - ) (28) (<0.1) (1) P
(Trechinae) 1) 1.7) (<0.1) (1) - - - - 1) (1.4) (<0.1) 1) P
Cerambycidae (Lamiinae) 3 0.2 <0.1 1 - - - - 3 0.2 <0.1 1 H
Chrysomelidae 424 339 7.1 30 23 7.2 0.4 18 447 28.4 3.7 40 H
(Eumolpinae) (353) (83.2) (5.9) @) 2) 8.7 (<0.1) (1) (355) (794 (3.0 7) H
(Cryptocephalinae) (12) (2.8) (0.2) 4 - - - - (12) 2.7 (0.1) 4) H
(Galerucinae) (48) (11.3) (0.8) (12) (15) (65.2) 0.2) (12) (63) (14.1) 0.5) (19) H
(Bruchinae) 1 4.3) 0.2) (7) (6) (26.1) 0.1) (5) 17) (3.8) 0.1) (10) H
Ciidae 4 0.3 0.1 2 - - - - 4 0.2 <0.1 2 F
Cleridae 1 0.1 <0.1 1 3 0.9 <0.1 2 4 0.2 <0.1 3 P
Coccinellidae 3 0.2 <0.1 2 10 3.1 0.2 5 13 0.8 0.1 7 P
(Scymninae) (1) (33.3) (<0.1) (1) (10)  (100.0) (0.2) 5) 1 (84.6) 0.2) (6) P
(Sticholotidinae) @  (66.7) (<0.1) (1) - - - - 2 (154 (<0.1) (1) P
Corylophidae 20 1.6 0.3 5 4 1.2 0.1 2 24 1.5 0.2 5 P
Cucujidae 16 1.3 0.3 6 3 0.9 <0.1 3 19 1.2 0.2 8 P (F)
Curculionidae 220 17.6 3.7 29 97 30.2 1.6 18 317 20.2 2.6 40 H
(Baridinae) (€)) 0.4) (<0.1) (€)) 0] (1.0) (<0.1) 0] ?2) (0.6) (<0.1) ?2) H
(Ceutorhynchinae) (1) 0.4) (<0.1) (1) - - - - (1) (0.3) (<0.1) 1) H
(Conoderinae) (76) (34.5) (1.3) 2) (6) (6.2) (0.1) 4 (82) (25.9) 0.7) (6) H
(Cryptorhynchinae) 6) 2.7 0.1) “) (43) (44.3) 0.7) 2) (49) (15.5) 0.4) 6) H
(Curculioninae) (28) (12.7) 0.5) 9) (16) (16.5) (0.3) 4) (44) (13.9) (0.4) (11) H
(Cyclominae) 1) (0.4) (<0.1) 1) - - - - @) (0.3) (<0.1) @) H
(Entiminae) 1) (41.4) (1.5) 2) (12) (12.4) 0.2) (1) (103)  (32.5) (0.9) 2) H
(Erirhininae) ?2) (0.9) (<0.1) ?2) ?2) 2.1 (<0.1) 1) 4 (1.3) (<0.1) 3) H
(Mesoptiliinae) 7 3.2) (0.1) 3) 2) 2.1 (<0.1) ) 9) (2.8) 0.1) 3) H
(Molytinae) (1) (0.4) (<0.1) (1) 1) (1.0) (<0.1) 1) 2) (0.6) (<0.1) 2) H
(Platypodinae) (1) 0.4) (<0.1) (1) 2) 2.1) (<0.1) 1) 3) (0.9) (<0.1) (1) F
(Scolytinae) ) 23)  (0.1) %) (12) (124) (<0.1) (2) a7n (4 (0.0) @) F
Elateridae 67 5.4 1.1 12 - - - - 67 43 0.6 12 H
(Agrypninae) (62) (92.5) (1.0) 7 - - - - (62) 92.5) (0.5) (7) H
Histeridae 2 0.2 <0.1 2 - - - - 2 0.1 <0.1 2 P
Hydraenidae - - - - 1 0.3 <0.1 1 1 0.1 <0.1 1 P
Lampyridae 9 0.7 0.1 4 - - - 9 0.6 0.1 4 P
Latridiidae 3 0.2 <0.1 2 15 4.7 0.2 5 18 1.1 0.1 5 F
Limnichidae 1 0.1 <0.1 1 - - - - 1 0.1 <0.1 1 S
Melolonthidae 4 0.3 0.1 2 - - - - 4 0.2 <0.1 2 H
(Melolonthinae) 1) (25) (<0.1) 1) - - - - (1) (25) (<0.1) (1) H
(Rutelinae) 3) (75) (<0.1) (@)) - - - - 3) (75) (<0.1) 1) H
Melyridae - - - - 2 0.6 <0.1 2 2 0.1 <0.1 2 P
Monotomidae - - - - 1 0.3 <0.1 1 1 0.1 <0.1 1 F
Mordellidae 0.2 <0.1 2 - - - - 2 0.1 <0.1 2 P
Nitidulidae (Nitidulinae) 188 15 3.1 5 - - - - 188 12 1.6 5 S
Phalacridae 0.2 <0.1 2 3 0.9 <0.1 3 5 0.3 <0.1 3 H
Phengodidae 0.1 <0.1 1 - - - - 1 0.1 <0.1 1 P
Ptiliidae - - - - 1 0.3 <0.1 1 1 0.1 <0.1 1 D
Ptilodactylidae 21 1.7 0.3 1 - - - - 21 1.3 0.2 1 H
Pitnidae 20 1.6 <0.1 8 19 5.9 0.3 4 39 2.5 0.3 8 H
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Continuation...

(Dorcatominae) 9) (45.0) 0.1) ?2) (10) (52.6) 0.2) ?2) 19) (48.7) 0.2) 2) H
(Mesocoelopodinae) (11) (55.0) 0.2) (6) ) (47.4) 0.1) 2) (20) (51.3) (0.3) (6) H
Scarabaeidae (Scarabaeinae) 2 0.2 <0.1 1 - - - - 2 0.1 <0.1 1 D
Scirtidae 1 0.1 <0.1 1 2 0.6 <0.1 1 3 0.2 <0.1 2 H
Scydmaenidae 11 0.9 0.2 3 0.3 <0.1 1 12 0.8 0.1 4 P
Silvanidae 1 0,1 <0.1 1 - - - - 1 0.1 <0.1 1 F
Staphylinidae 27 22 0.4 15 16 5.0 0.3 12 53 34 0.4 23 P
(Aleocharinae) 12) (44.4) 0.2) (@) 7 (43.7) 0.1) (6) (19) (35.8) 0.2) (12) P
(Oxytelinae) 2) (7.4) (<0.1) 2) 3) (18.7)  (<0.1) @) 5) 9.4) (<0.1) 2) P
(Paederinae) ®) (29.6) (0.1) 3) 3) (18.7)  (<0.1) 3) (11) (20.7) (0.1) (5) P
(Pselaphinae) 2) (7.4) (<0.1) 2) 2) (12.5)  (<0.1) (1) 4) (7.5) (<0.1) 3) F
(Scaphidiinae) 3) (11.1)  (<0.1) €))] 1) (6.2) (<0.1) 1) @) (7.5) (<0.1) ) F
Tenebrionidae 96 7.7 1.6 12 22 6.8 0.4 6 118 7.5 1.0 14 S
(Alleculinae) (62) (69.7) (1.0) 5) (10) (45.4) 0.2) 2) (72) (64.9) (0.6) 5) H
(Diaperinae) (18) (20.2) 0.3) 3) (12) (54.5) 0.2) 4 (30) (27.0) 0.2) 5) S
(Lagriinae) 7 (0.6) 0.1) (€))] - - - - (@) (0.4) (0.1) 1) S
(Pimieliinae) 5) (5.6) 0.1) 2) - - - - ®) 4.5) (<0.1) 2 S
Throscidae 5 0.4 0.1 3 2 0.6 <0.1 1 7 0.4 0.1 4 H
Zopheridae 5 0.4 0.1 5 0.3 <0.1 1 6 0.4 <0.1 6 F
(Colydiinae) 1) (20.0) (<0.1) 1) (1) (100.0)  (<0.1) [@)) 2) (33.3)  (<0.1) ?2) P (F)
(Monominae) 3) (60.0)  (<0.1) 3) - - - - 3) (50.0) (<0.1) 3) H
(Zopherinae) (1) (2.00) (<0.1) (1) - - - - 1) (16.7)  (<0.1) 1) F
Total adults 1,251 94.5 20.8 184 321 94.7 53 110 1,572 94.5 13.1 251 -
Total immatures (larvae) 73 5.5 1.2 - 18 53 0.3 - 91 5.5 0.8 - -
TOTAL 1,324 100.0 22.1 184 339 100.0 5.6 110 1,663 100.0 139 251

Figure 2. Observed (rarefaction curve) and estimated (Bootstrap and Jackknife
1) species richness of the Coleoptera community associated with Callisthene
fasciculata canopies during the high-water (trees 1 to 6) and dry (trees 7 to 12)
periods in the Northern Pantanal of Mato Grosso.

abundant families were Chrysomelidae (424 ind.; 33.9%; 7.1 ind./m?),
Curculionidae (220 ind.; 17.6%; 3.7 ind./m?) and Nitidulidae (188 ind.;
15.0%; 3.1 ind./m?), followed by Tenebrionidae (96 ind.; 7.7%; 1.6 ind./
m?) and Carabidae (58 ind.; 4.6%; 1.0 ind./m?) (Table 1). During the
dry period, only 339 coleopterans were collected (2.4%; 5.6 ind./m?),
321 of which were adult (94.7%; 5.3 ind./m?) and 18 larvae (5.3%; 0.3
ind./m?). The adults are distributed into 25 families and 110 species.
Curculionidae (97 ind.; 30.2%; 1.6 ind./m?) and Buprestidae (60 ind.;
18.7%; 1 ind./m?) were the most abundant. Carabidae, Chrysomelidae,

https://doi.org/10.1590/1676-0611-BN-2020-0982

Figure 3. Comparison of scores of the NMDS axis generated from the distribution
of 38 Coleoptera families on Callisthene fasciculata between the high-water and
dry periods in the Northern Pantanal of Mato Grosso.

Curculionidae and Tenebrionidae had their abundance reduced during
the dry period, whereas that of Buprestidae rose in that period.
Among the adult coleopterans, 141 species (56.2%) occurred
exclusively in the high-water period, and 68 species (27.1%) were
sampled only in the dry period. The other 42 species were common to both
seasonal periods (Appendix A). In the high-water period, Chrysomelidae
(30 spp.), Curculionidae (29 spp.), Carabidae (15 spp.), Staphylinidae (15
spp.), Elateridae (12 spp.) and Tenebrionidae (12 spp.) represented 62.1%
of the total richness (Table 1). lypophorus florigradus (Chrysomelidae,
Eumolpinae) was the dominant species (270 ind.; 21.6%; 4.5 ind./m?),
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Figure 4. Comparison between abundance (A) and richness (B) of the Coleoptera community on Callisthene fasciculata canopies between the high-water and dry

periods in the Northern Pantanal of Mato Grosso.

followed by Mystrops sp. 3 (Nitidulidae, Nitidulinae) (117 ind./9.4%; 1.9
ind./m?), Lechriops sp. 2 (Curculionidae, Conoderinae) (75 ind.; 6.0%; 1.2
ind./m?), Pandeleteius sp. 1 (Curculionidae, Entiminae) (73 ind.; 5.8%;
1.2 ind./m?) and Antitypona sp. 1 (Chrysomelidae, Eumolpinae) (70 ind.;
5.6%, 1.2 ind./m?) (Appendix A). In the dry period, Chrysomelidae and
Curculionidae were the most diversified, with 18 species each, followed
by Staphylinidae (12 spp.) and Carabidae (9 spp.) (Table 1). Buprestidae
sp. 1 (58 ind.; 18.1%; 1.0 ind./m?) and Cryptorhynchini sp. 1 (42 ind.;
13.1%; 0.7 ind./m?) were the most abundant species in this period.

3. Trophic guilds

The coleopterans associated with the C. fasciculata canopies
were distributed into five clusters of trophic guilds. Considering the
abundance of individuals, herbivores (1,050 ind.; 66.8%; 8.7 ind./m?)
predominated, followed by saprophages (241 ind.; 15.3%; 2.0 ind./m?),
predators (221 ind.; 14.1%; 1.8 ind./m?), fungivores (57 ind.; 3.6% and
0.5 ind./m?) and decomposers (3 ind.; 0.2%; < 0.1 ind./m?). The main
herbivores were Chrysomelidae and Curculionidae. The most abundant
saprophages corresponded to Nitidulidae and Tenebrionidae. Carabidae
and Staphylinidae comprised the most numerous predators, whereas
Platypodinae and Scolytinae (Curculionidae) and Latridiidae occurred
at the highest frequency among the fungivores. The decomposers were
represented by Scarabaeidae and Ptiliidae (Table 1).

In terms of species richness, the herbivores predominated,
with 131 species (52.2%), followed by predators (78 spp.; 31.1%).
Despite their reduced abundance, fungivores appeared with similar
richness (21 spp.; 8.4%) to that of saprophages (19 spp.; 7.6%),
while only two species were decomposers (0.8%). The indirect
ordination of behavioral guild data (NMDS) between the high-water
and dry periods resulted in a stress index of 0.04. The result of the
t test, which compares the scores of the axis, showed the difference
between the distribution of the clusters into guilds for the two
periods (t test =-5.571; DF =9.717; p > 0.001) (Figure 5).

The herbivores were more abundant both in the high-water (836
ind.; 66.8%; 13.9 ind./m?) and in the dry period (214 ind.; 66.7%; 3.6
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Figure 5. Comparison of the NMDS axis scores generated from the distribution
of the five clusters into trophic guilds of Coleoptera on Callisthene fasciculata
canopies between the high-water and dry periods in the Northern Pantanal of
Mato Grosso.

ind./m?). In the high-water period, the herbivores were followed by
the saprophages (225 ind.; 18.0%; 3.7 ind./m?) and predators (166
ind.; 13.3%; 2.8 ind./m?), whereas the fungivores and decomposers
had the lowest abundance (24 ind.; 1.9%; 0.4 ind./m?). During the dry
period, the herbivores were followed by the predator beetles (55 ind.;
17.1%; 0.9 ind./m?) and fungivores (35 ind.; 4.4%; 0.6 ind./m?), while
the saprophages and decomposers were the trophic clusters of lowest
representativeness (17 ind.; 5.3%; 0.3 ind./m?).

Discussion

The Coleoptera assemblage associated with canopies of C.
fasciculata has its temporal dynamics influenced in terms of abundance,
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richness and distribution according to the seasonality of the Pantanal
biome. Distinct assemblages occur between the dry and high-water
periods, reflecting the specificities of this floodplain as well as
association with the phenological characteristics of this host tree. In
C. fasciculata, the adult coleopterans were distributed into 38 families
and 251 species and morphospecies.

The results obtained in our study are similar to those found by
Marques et al. (2006) analyzing Coleoptera assemblages in canopy
of V. divergens, another tree species that forms monodominant forests
in the Pantanal and belongs to the Vochysiaceae family. Marques
et al. (2006) obtained 256 species/morphospecies in 32 families of
Coleoptera. Different results were obtained by Santos et al. (2003) and
Battirola et al. (2014) on A. phalerata Mart. (Arecaceae) canopies in
that same region of the Pantanal, showing that palm trees canopies are
habitat to Coleoptera assemblages richer in species, when compared
to the species of Vochysiaceae. Santos et al. (2003) obtained 326
species/morphospecies in 48 families during the dry season, while
Battirola et al. (2014) found 467 species/morphospecies distributed in
43 Coleoptera families during the high-water period. Palm trees differ
from other tree types, because of their specific canopy structure and
architecture, which is likely due to organic matter accumulation in
the remaining leaf sheaths adhered to the plant stem, which provides
specific sites of reproduction, feeding and shelter for the associated
species, like insects, as well as due to their more stable phenology
(Santos et al. 2003, Battirola et al. 2007, Marques et al. 2009).

Canopies can be considered an important habitat model (Nadkarni
1994, Adams et al. 2017). Variations in host plant phenology, including
the periods of fructification, flowering and leaf turnover may influence
the availability of resources and niches available to the fauna (e.g. Basset
et al. 2003b, Castafio-Meneses 2014). Evergreen plants such as palm
trees maintain the resource and niche levels more stable throughout the
year compared to plants with extreme phenological variations such as C.
fasciculata. This species has specific periods of leaf turnover, flowering
and fructification, and during the high-water period in the Pantanal, its
canopy is characterized by full and mature foliage, whereas in the dry
period there is a partial leaf fall and the canopy structure is markedly
changed (Corsini & Guarim-Neto 2000). Therefore, it is possible that
those variations in the phenology of C. fasciculata influenced the total
Coleoptera richness, elevating its number during the high-water and
reducing it during the dry period in this Pantanal region.

An example of association between host plant phenology and
coleopterans can be observed in bruchins (Coleoptera: Chrysomelidae),
which synchronize their life cycles to the phenology of their host plants,
where flowering provides food to adults and fructification provides
substrate to oviposition and larval development (Ribeiro-Costa &
Almeida 2009). In studies conducted in the Pantanal of Mato Grosso,
bruchins are always sampled as components of Coleoptera assemblages,
but with low abundance among the Chrysomelidae (Marques et al. 2001,
2006, 2007, Santos et al. 2003, Battirola et al. 2014). Another species
that can be highlighted in this study is 7. florigradus (Chrysomelidae,
Eumolpinae). Yamazaki et al. (2020) stated that the record of 7.
forigradus in association with C. fasciculata raises an important
discussion about studies on the association between Chrysomelidae and
its host plants. Such studies are essential for understanding phylogenetic
or ecological theories related to the evolution of host selection and
chemical interactions between insects and plants with emphasis on
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chemical prospecting. Oftentimes, these studies are focused on the host
plant rather than on the insects or practices of use, conservation and
protection of biodiversity (Flowers & Janzen 1997).

In C. fasciculata canopies, Chrysomelidae, Curculionidae and
Staphylinidae are the families with greatest species richness. The
dominance of these coleopterans is commonly observed in studies
investigating the forest canopy of different regions (Erwin 1983,
Floren & Linsenmair 1998, Wagner 2000, Santos et al. 2003, @degaard
2003, Marques et al. 2006, 2007, 2009, Adis et al. 2010, Battirola et
al. 2014). According to Basset (2001), these groups correspond to the
invertebrates with greatest richness in the canopy of tropical forests,
which is explained by their eating habits, form of exploitation of these
forests, and variety of habitats found.

In Uganda, Africa, Wagner (2000) found that Staphylinidae,
Curculionidae and Chrysomelidae were the taxa with greatest species
richness, whereas Latridiidae, Chrysomelidae and Staphylinidae were
the most abundant. Curculionidae and Chrysomelidae were the families
with greatest abundance and species richness in studies conducted in
Panama (¥degaard 2003), similarly to results obtained in the Amazon
(Erwin 1983) and in Malasya (Floren & Linsenmair 1998). Farrel &
Erwin (1988) emphasized that the tree canopy architecture is a key
factor determining the diversity of Staphylinidae and other groups of
predator beetles, exerting a greater influence than the very floristic
composition of the habitat.

Regarding the variation between the dry and high-water periods
in C. fasciculata canopies, a higher number of species occurring only
once, greater abundance and greater total richness were common
to the high-water period. Marques et al. (2006) observed greater
abundance and richness of Coleoptera during the high-water period,
but a higher number of single-occurrence species during the dry period
in V. divergens canopies. The authors associated this result with the
flowering of the host plant that occurs during this period. Accordingly,
the seasonal variation typical of the Pantanal ecosystem might have
influenced the structure and composition of the Coleoptera assemblage
on C. fasciculata, considering that the structure of canopy arthropod
assemblages may vary throughout seasonal periods due to variations
imposed by the hydrological regime in that region (Castilho et al. 2005,
Marques et al. 2011, Battirola et al. 2014, 2016, 2017a, b, Yamazaki
et al. 2016, 2017).

The assemblage organization based on clusters of trophic guilds
demonstrated the predominance of herbivorous, saprophages and
predator beetles, which corroborates the results obtained by Marques et
al. (2006, 2007) and Battirola et al. (2014). Fungivores were also found
among the most numerous trophic guilds in the studies of Marques et al.
(2006) and Battirola et al. (2014) in the same region, contrasting with
the present results. The low representativeness of decomposer beetles
also conflicts with data obtained in the same region (Santos et al. 2003,
Marques et al. 2007, 2009, 2011).

The distribution of clusters into trophic guilds allows us to evaluate
the exploitation of resources by those insects. Callisthene fasciculata
occurs in monodominant formations; i.e., forests where over 50%
of the individuals correspond to the same plant species (Connell &
Lowman 1989). This vegetation structure may affect the distribution
of resources to the fauna, considering the lower number of tree species
in its composition. Because of this factor, resource distribution can
be more homogenized and less diversified, facilitating the access to
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and maintenance of species adapted to those conditions over others
less adapted and thus dependent on a greater variety of resources
(e.g. Southwood 1961, Root 1973).

Overall, it can be concluded that the temporal dynamics of the
Coleoptera assemblage associated with C. fasciculata canopies is
maintained by the hydrological seasonality of the Pantanal of Mato
Grosso, which was evinced by variations in abundance, richness and
distribution of the assemblage. Seasonality acts as a primary ecofactor in
this biome (Junk et al. 1989, 2006, 2013, Wantzen et al. 2016), regulating
the spatial-temporal dynamics of the animal and plant assemblages,
exerting direct effects on the vegetation structure and its phenology,
which, indirectly, interfere with the dynamics of the assemblages
associated with specific plant hosts such as C. fasciculata. Based on
those results, we emphasize the need for maintaining and conserving the
hydrological conditions of the Pantanal and its vegetation formations
to preserve the stability of ecosystems and, consequently, their rich
biodiversity associated with this Neotropical floodplain.

Supplementary Material

The following online material is available for this article:

Appendix A - Species and morphospecies, number of individuals
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obtained from Callisthene fasciculata canopies in the high-water and
dry periods in the northern Pantanal of Mato Grosso, Brazil.
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