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ABSTRACT

The adult scarab beetle fauna of the canopy in a lowland tropical rainforest in southern Venezuela was observed and
collected by means of a 42-m-tall tower crane for a complete year. This first census of an entire Amazonian canopy scarab
community was embedded within the interdisciplinary research project "Towards an understanding of the structure and
function of a Neotropical rainforest ecosystemwith special reference to its canopy" organized by the Austrian Academy of
Science. The Scarabaeidae represented one of the most species-rich beetle families in the canopy of the crane plot and
were therefore selected for a detailed analysis of host-use patterns. Thirty-three species of Scarabaeidae with 399 in-
dividuals were recorded, including two species represented by singletons. Subfamilies abundant in the canopy were the
Rutelinae, Dynastinae, andMelolonthinae. Species were diurnal or nocturnal flower visitors restricted in their occurrence
to their host trees during the flowering season. The scarab beetles remained commonly on one host tree species throughout
the entire flowering period and switched to another host tree species only after depletion of food resources. Some species
fed on extrafloral nectar but feeding on fruits and leaves was uncommon in the observed species. Most species showed a
broad host range, often with abundant species recorded on several host trees. Seven species were found exclusively on one
tree species. The co-occurrence of up to five congeneric species sharing the same host trees and diet was conspicuous.
With this study, it could be shown how species of Scarabaeidae track available food resources within the canopy of a
tropical rainforest.
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. . . and from the canopy high above came a constant
rain of fruit, twigs, and pirouetting blossoms

thrown down by the great army of creatures —
mammals, birds, reptiles, and insects —

that inhabit this
high, sunlit, flower-scented realm.
—— Gerald Durrell, May 1986

Scarab beetles comprise a speciose family, and
they are a conspicuous component of the beetle
fauna in the New World. The group includes over
27,800 species worldwide. Scarab beetles in the
New World comprise approximately 600 genera
(Ratcliffe and Jameson 2005). Life histories of
scarab beetles are incredibly diverse and include
adults that feed on dung, carrion, fungi, leaves,
pollen, fruits, compost, and roots, and some are also
attracted to sap flows. Adults of some scarab beetles
are diurnal and can be observed on flowers or

vegetation, while many other species are nocturnal
and may be attracted to lights at night. Adults of most
species in the subfamiliesMelolonthinae, Dynastinae,
Rutelinae, and Cetoniinae feed on plants. Eggs are
deposited by the adult female in suitable soil, dung,
compost, or other organicmaterial. After hatching, the
C-shaped grubs feed and grow, molting three times.
Larvae of many dynastines and rutelines feed on
rotting wood, and the larvae of many melolonthines,
rutelines, and dynastines (e.g., Cyclocephala Dejean)
feed on grass roots. Emergence of the adult from the
pupa often occurs in response to environmental cues
such as rainfall or temperature. After emergence,
adultsmate and begin the cycle anew. The biology and
behavior of many species of scarabs are not known,
and much remains to be studied (Ritcher 1958;
Ratcliffe 1991; Scholtz and Chown 1995).
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There are numerous records of host plants as well
as studies dealing with the life history of scarab
beetles, but little has been known about beetles
inhabiting the canopy of tropical rainforests (Erwin
1994), including species of Scarabaeidae. Tropical
rainforests contain a tremendously rich beetle fauna,
and hundreds of beetle species are associated with
tree canopies (Erwin 1982; Stork 1991; Basset and
Arthington 1992; Allison et al. 1993). The canopy
biome is extremely complex in terms of trophic
levels, architecture, and seasonality. The ecological
connections between and among the plants and
animals are poorly known as well as the compo-
sition of the still incompletely known fauna (Arndt
et al. 2001). The major hypotheses concerning the
enormous diversity either invoke the complex in-
teractions of the insect herbivores and plants (due to
host specificity and niche partitioning associated
with plant defense systems) or the correlation with
host plant phylogenetic diversity, which is highest in
tropical regions (Coley and Barone 1996; Novotny
et al. 2006).
Another aspect of canopy beetle communities is

their high faunal turnover. See, for example, the re-
fogging experiments indicating that recruitment of
beetle assemblages is often stochastic (Erwin 1990;
Adis et al. 1998; Floren and Linsenmair 1998). In
scarab beetle assemblages in the premontane rain-
forest in Costa Rica, the species richness, as well as
the species composition, showed significant varia-
tion across the same ecosystem at both spatial and
temporal scales, suggesting a high species turnover
(Garcı́a-López et al. 2010). The interaction between
resource and host specificity defines the broad limits
of insect diet and distribution within canopy envi-
ronments (Schoonhoven et al. 2005). Resource
availability is the most important factor driving
spatial and temporal distribution patterns among
arboreal insect assemblages (Wardhaugh 2014).
However, the survey of rainforest insect com-

munities adequately requires long-term sampling at
multiple sites using multiple sampling methods
(Adis et al. 1984; Kitching et al. 2001; Stork and
Grimbacher 2006; Basset et al. 2012). Only then is
it possible to confidently quantify the forces and
mechanisms influencing the distribution and struc-
ture of rainforest insect communities, enabling
accurate predictions of spatial and temporal distri-
bution patterns (Wardhaugh 2014).
Our study was designed to discover the un-

derlying mechanisms of the coexistence of a di-
versity of scarab beetle species and the causes for
stochastic patterns in species composition and
distribution among the trees. The focus was to find
out where scarab beetles occur, upon what do they
feed, and how they behave. The requirements for
surveying rainforest insect communities were met
with the study design used to investigate the canopy

beetle community in the northern part of the
Amazon Basin with the only crane constructed in
this complex biome. Non-invasive trapping com-
plemented with hand-collection and regular obser-
vations were combined and carried out during the
day as well as the night. The study is the first that
provides observations on an entire scarab com-
munity collected during a complete year. It includes
data of occurrence, diet, and utilized hosts of adult
Scarabaeidae inhabiting the canopy of a tropical
lowland rainforest in southern Venezuela. Further-
more, it gives insight into adult scarab species
composition within the canopy and the behavior of
abundant species. Until now, there were no pub-
lished detailed studies on canopy scarab commu-
nities in tropical rainforests. In general, canopy
studies at fine taxonomic resolution are scarce,
probably due to difficulties in maintaining long-
term sampling programs, identifying species, and
sorting large numbers of insects in the tropics
(Grimbacher and Stork 2009).

MATERIAL AND METHODS

Study Site. The study site was located in the
upper Orinoco region of Venezuela in the state of
Amazonas, close to the Surumoni black water river
(3°10´ N, 65°40´ W; 105 m elevation). Anhuf et al.
(1999) described the weather pattern as heavy an-
nual rainfall of about 3,100 mm (with year to year
fluctuations of about 500 mm) with a strong peak
from May to July, then a smaller peak in September
and October. The average annual temperature in the
study area was ca. 26° C, usually with slight var-
iations between the coolest month (25° C) and the
warmest month (26.5° C), whereas a daily range of
5–10° C frequently occurs.

The Surumoni area belongs to the Japura/Negro
moist forests ecoregion that extends from Brazil to
southern Venezuela, Colombia, and Peru (Dinerstein
et al. 1995). The vegetation is moist lowland trop-
ical rainforest classified as terra firme (Prance
1979). The upper canopy is 25–27 m in height.
Only a few emergent trees rise to a height of 35 m.
The forest is frequently interrupted by light gaps,
thus, the canopy is not completely closed. The
Surumoni canopy crane plot contains average tree
species richness for the area. There were more than
800 trees $10 cm DBH (diameter at breast height)
belonging to 141 tree species within the study site.
Frequent species in the tree fraction with a DBH
of $10 cm were Goupia glabra Aubl. (Goupia-
ceae), Oenocarpus bacaba Mart. (Arecaceae),
Dialium guianense (Aubl.) Sandwith (Fabaceae),
Ocotea aff. amazonica (Meisn.) Mez (Lauraceae),
and Ruizterania trichanthera (Spruce ex Warm.)
Marc-Berti (Vochysiaceae) (Wesenberg 2004).
Epiphytes and hemiepiphytes were rare compared
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to othermoist forests and comprised 53 species, with
Araceae reaching the highest abundance (Engwald
et al. 2000).
Sampling and Observation. Sampling and ob-

servation of scarab beetles was conducted from
1997 to 1999 and covered a complete year. A 42-m-
high canopy crane system (Fig. 1) was installed at
the study site, and its swing covered an area of about
1.4 ha. Using this large tower crane, the crowns of
tree species (Fig. 2) in the upper and middle canopy
were searched regularly for species of Scarabaeidae
during the day as well as during the night. Obser-
vations and collection of beetles were carried out
during the following periods: September to No-
vember 1997; May to August and December 1998;
January to April and November 1999.
Beetles were captured by net, hand-collected, or

through branch and foliage beating. Beating was
used to capture hidden or tightly clinging species
and netting to get flying beetles. Both methods were
predominately used to capture distant beetles. There
was no quantitative sampling carried out with these
methods. Additionally, aerial window traps were
used to collect flying beetles (Basset et al. 1997).
These window traps consisted of two panels of
plexiglass fixed in a cross pattern with each panel
30-cm-long and 25-cm-high. Beneath the plexiglass
panels was a plastic tube ending in a container for
collecting the insects (Fig. 3). These traps provided
semi-quantitative sampling results. A spotlight that
attracted nocturnal scarabs was used to enable ob-
servations at night. Some of these attracted in-
dividuals were collected as well to gain data on
seasonality. Furthermore, this indicates that such
species can occur even when host trees were not
found.
The collected beetles were kept in 70% ethanol.

The beetles were assigned to morphospecies, with
some of them identified by us. The family group
names follow Bouchard et al. (2011). Voucher
specimens of collected species are deposited in the
Museo del Instituto de Zoologı́a Agrı́cola “Francisco
Fernández Yépez”, Maracay, Venezuela, and the
Botanisches Institut, Universität Leipzig, Germany.
In addition to the live observations, feeding trials

were carried out with 22 species. Beetles were kept
alone or in small groups of up to five individuals of
a morphospecies in plastic tubes. The tubes (about
12 cm high and with a diameter of about 15 cm)
were filled with loam to a height of nearly 3 cm.
They were then alternately provided with mature and
young leaves of the host tree and related tree species.
Herbivory was checked every second day and scored
visually either as non-feeding, attempting to feed, or
frequently feeding. Species that fed regularly on parts
of the leaf blade were considered as leaf feeders.
Attempting to feed included all damage to the plant
items without visible loss of substance. In addition,

fruits and flowers were offered. Adult scarabs were
kept under the natural temperature and humidity
regime as well as natural photoperiod for the area for
several weeks or until they died, respectively. The
feeding trials were used to verify observations in the
canopy.

Ecological Characteristics. Many scarabs fed
on young foliage or fruits in the feeding trials.
However, this usually could not be confirmed
through observations in the canopy. Due to this
discrepancy, only data and observations gained in
the canopy were considered to characterize the
species ecologically. The ability to locate and
identify a preferred host may have little in common
with the ability to consume a distinct host (Singer
2008). Furthermore, limiting factors such as pred-
ators (Dyer 1995) or host-plant abundance and re-
source availability (Futuyma and Wasserman 1980)
might have significant impacts on host-species and
diet choice.

Species were assigned according to their diel
activity either as nocturnal or diurnal species. The
diet (plant tissue/parts) consumed were categorized
as leaves, extrafloral nectaries, fruits, and flowers.
Certain beetles visit only small white generalist
flowers and other beetles visit many kinds of
flowers, so consumed flowers were categorized
either as small white generalist or diverse flowers
comprising all other floral syndromes. Host asso-
ciations were first scaled according to the number
of individuals sampled on a certain tree species
and second according to feeding observations. Due
to data not equally quantified, host specificity in-
dices were not calculated. Thus, the main hosts
harbored the most individuals and include most
feeding observations. Species with only one host
record might also comprise individuals attracted
to lights. In contrast, species collected with all
individuals on only one canopy host plant are
indicated as exclusive species. The main diet
includes food items that were regularly consumed
in the canopy. Abundant species were determined
by their proportion of all scarabs sampled on one
distinct canopy host during a given phenological
season.

Data Presentation. The members of the scarab
community reported here include only species with
recorded host associations sampled in the canopy of
the crane plot. To exclude random findings, only
species that were relatively abundant on the sampled
trees or displayed substantial or distinct feeding
observations, respectively, are described in the re-
sults section. The same principle applies to the
choice of host trees named and described, re-
spectively. In general, only host trees with the most
sampled individuals were considered as host trees
and named, although feeding observations on sin-
gle specimens might indeed indicate true host
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Figs. 1–3. Study site in Venezuela. 1) Crane used for access to the canopy of the lowland rainforest; 2) Canopy
of the lowland rainforest; 3) Window trap in the canopy of the crane plot.

152 THE COLEOPTERISTS BULLETIN 73(1), 2019



associations. Host trees that revealed the most
species of scarabs are described in detail.

RESULTS

Overview. Thirty-three species of Scarabaeidae
with 399 individuals were collected in the canopy of
the study plot (Table 1). Twenty species (60.6%)
were collected with less than 10 individuals per
species, including two species represented by sin-
gletons and five species by doubletons. Thirteen
species (39.4%) were collected with at least 10
individuals per species. Most species sampled

belong to the subfamily Melolonthinae (14 species)
followed by Dynastinae (nine species) and Rutelinae
(eight species). Aphodiinae and Cetoniinae were
each represented by only a single species. The most
species-rich genera associated with the canopy were
MacraspisMacLeay (seven species), Cyclocephala
(five species), andPelidnotaMacLeay (four species).

Beetle species were collected in different pro-
portions using the sampling methods. The window
traps captured 16 scarab species with 76 individuals,
but only three species were trapped with at least 10
individuals: Isonychus Mannerheim sp. 2 (n5 22);
Cyclocephala ovulumBates (n5 22); andMacraspis

Table 1. Overview of 33 scarab beetle species recorded in the canopy of a lowland tropical rainforest in Venezuela,
1997–1999. Exclusive5 all sampled individuals were on only one host tree; 1 host species5 only one host tree species, but
more individuals were collected at lights; EFN 5 extrafloral nectar.

Species # individuals / # host species Diet

DYNASTINAE
Cyclocephala bicolor Castelnau, 1840 2 / exclusive EFN
Cyclocephala colasi Endrödi, 1964 24 / 2 flowers
Cyclocephala minuta Burmeister, 1847 32 / 1 flowers
Cyclocephala ovulum Bates, 1888 68 / 4 EFN, flowers
Cyclocephala picipes (Olivier, 1789) 3 / 1 small white flowers
Stenocrates rufipennis (Fabricius, 1801) 3 / 1 ?
Stenocrates cf. carbo Prell, 1938 21 / 4 EFN, fruit
Phileurus valgus (Linnaeus, 1758) 1 / exclusive EFN
Tomarus ebenus (De Geer, 1774) 17 / 3 flowers

MELOLONTHINAE
Melolonthinae sp. 5 / 3 flowers
Barybas sp. 1 2 / 2 small white flowers
Barybas sp. 2 3 / 2 ?
Barybas sp. 3 13 / 7 EFN, flowers
Dicrania sp. 3 / exclusive flowers
Isonychus sp. 1 3 / 2 flowers
Isonychus sp. 2 25 / 3 flowers
Plectris sp. 6 / exclusive EFN

RUTELINAE
Leucothyreus sp. 5 / 1 leaves
Cnemida leprieuri Arrow, 1899 12 / 2 fowers, fruit
Cnemida retusa (Fabricius, 1801) 46 / 3 flowers
Macraspis festiva Burmeister, 1844 32 / 4 flowers
Macraspis nr. maculata Burmeister, 1844 11 / 3 flowers
Macraspis pseudochrysis Landin, 1956 3 / exclusive small white flowers
Macraspis sp.1 2 / exclusive small white flowers
Macraspis sp. 2 2 / 2 small white flowers
Macraspis sp. 3 3 / 2 small white flowers
Macraspis sp. 4 1 / exclusive small white flowers
Pelidnota aciculata (F. Bates, 1904) 5 / 1 flowers
Pelidnota osculatii Guérin-Méneville, 1855 22 / 7 EFN, flowers
Pelidnota polita complex 3 / exclusive EFN
Pelidnota sp. 1 2 / exclusive small white flowers

APHODIINAE
Auperia sp. 12 / 1 flowers

CETONIINAE
Hoplopyga liturata (Olivier, 1789) 7 / 1 flowers

Total 399 / 71
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festiva Burmeister (n 5 10) (Fig. 4). Three scarab
species (Phileurus valgus (Linnaeus), Dicrania Le
Peletier and Audinet-Serville sp., and Isonychus
sp. 1) were taken only in the traps. The majority of
species (n 5 29) were sampled by hand, with nine
species recorded only by hand-collecting methods.
Abundant species collected mainly or exclusively
by hand comprised the rutelinesM. festiva (n5 20),
Macraspis nr. maculata Burmeister (n 5 11),
Pelidnota osculatii Guérin-Méneville (n 5 18),
Cnemida leprieuri Arrow (n 5 11), and Cnemida
retusa (Fabricius) (n 5 42).
Most scarab species (n 5 25; 75.8%) were

recorded on flowers (Table 1). Twenty-one of these
25 species were found exclusively on flowers. Eight
of the 21 exclusive flower visitors were found only
on small white flowers of the generalist syndrome.
Eight scarab species (24.2%) were observed feeding
on extrafloral nectaries, four of which were found
exclusively consuming this diet (Table 1). Feeding
on fruits seems to be uncommon for canopy scarabs
(two species); Stenocrates cf. carbo Prell was seen
feeding on unripe fruits of O. aff. amazonica.
Only one species, Leucothyreus MacLeay sp., was
assigned as leaf-feeding.
Seven scarab species (21.2% of total) with at least

two collected individuals were found exclusively on
one tree species. Conversely, 10 species (30.3%)were
found on at least three different host tree species.Most
species sampled with at least 10 individuals were
recorded on several host-tree species. A regression
line between the number of scarab specimens per

species sampled on the canopy trees and the number
of host trees confirms this tendency (Fig. 5).
Scarabaeidae were recorded primarily from the

following 13 tree species and two other canopy
plants (Table 2): Albizia pedicellaris Barneby and
Grimes, Senna cf. silvestris (Vell.) H. S. Irwin and
Barneby, and Tachigali guianensis (Benth.) Zar-
ucchi and Herend (all Fabaceae);G. glabra; Licania
hebantha Mart. ex Hook. f., Hymenopus hetero-
morphus (Benth.) Sothers & Prance, and Moquilea
subarachnophylla (Cuatrec.) Sothers & Prance
(all Chrysobalanaceae); Matayba guianensis Aubl.
(Sapindaceae); O. aff. amazonica; Qualea paraensis
Ducke and R. trichanthera (both Vochysiaceae);
Emmotum acuminatum (Benth.) Miers (Mette-
niusaceae); Guatteria schomburgkiana Mart.
(Annonaceae); the mistletoe Phthirusa stelis (L.)
Kuijt (Loranthaceae); and the lianaDioclea scabra
(Rich.) R. H. Maxwell (Fabaceae).
Species Characteristics.Dynastinae observed in

our study were nocturnal and mostly attracted to
lights. Four dynastine species comprising three
species of Cyclocephala and Tomarus ebenus
(De Geer) fed only on flowers (Table 1). Two
species, Cyclocephala bicolor Castelnau and P.
valgus, were associated with extrafloral nectaries.
One species, S. cf. carbo, fed on fruit and extrafloral
nectar.Cyclocephala ovulumwas observed utilizing
flowers of A. pedicellaris, M. guianensis, and
Q. paraensis and extrafloral nectaries of M. sub-
arachnophylla. This beetle species demonstrated
temporally restricted flower constancy during the
flowering season of A. pedicellaris when 20 in-
dividuals were collected only from flowers of this
tree during 11–19 October 1997.
Eight species of Melolonthinae were collected,

including seven demonstrating nocturnal activity
(Table 1). Five melolonthine species in the genera

Fig. 5. Number of individuals sampled per scarab
beetle species on host trees regressed on the number of
utilized host trees, Venezuela, 1997–1999.

Fig. 4. Macraspis festiva feeding on flowers of
Matayba guianensis in the canopy of the crane plot,
Venezuela, 1997.
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Barybas Blanchard, Dicrania, and Isonychus were
recorded only on flowers. Two species of Isonychus
were found on flowers of A. pedicellaris and H. het-
eromorphus. Isonychus sp. 2 was found regularly
during all flowering seasons ofM. guianensis (Table 5)
but was not observed feeding on the flowers. Two
species of Barybas fed on flowers of P. stelis and
H. heteromorphus, with Barybas sp. 3 found on five
additional host tree species (Table 4). An undetermined
species of Plectris Le Peletier and Audinet-Serville
utilized exclusively extrafloral nectar.
In our study, 14 ruteline species were observed

(Table 1). Nine species of Macraspis and Cnemida
Kirby visited flowers in the daytime. Cnemida
leprieuri and C. retusa fed regularly on flowers of
the liana D. scabra and sometimes on flowers of

other trees (Table 2). Cnemida retusa was found
quiescent on the forest floor at night. The seven
species of Macraspis recorded in the study plot
(Table 1) visited a variety of flowers. Macraspis nr.
maculata fed predominately on D. scabra. Five
species occurred on flowers ofM. guianensis andH.
heteromorphus. Of these, four species were ob-
served together on both tree species. TwoMacraspis
species were also found together on flowers of T.
guianensis. The most abundant (with up to 25
specimens on one canopy tree) of the Macraspis
species wasM. festiva (Fig. 4), which fed on flowers
of four tree species (Table 6). After the end of the
flowering season of M. guianensis, M. festiva
moved to a flowering Q. paraensis, and then to a
flowering T. guianensis. This species was frequently

Table 2. Monitored tree species, total number of scarab species associated with each tree species, number of scarab
species found exclusively on the tree species, number of scarab species feeding on flowers, extrafloral nectaries (EFN), and/
or fruits of the tree species, and scarab species represented by three ormore individuals and their diet on each tree species in a
lowland tropical rainforest canopy in Venezuela, 1997–1999.

Host tree species Total
# species with

n ‡ 2
Species with

n ‡ 3 n Exclusive Flowers EFN Fruits

Hymenopus
heteromorphus

12 6 2 12

Pelidnota osculatii 7 yes
Isonychus sp. 2 5 yes
Macraspis festiva 4 yes

Matayba guianensis 7 3 1 7
Isonychus sp. 2 19 yes
Macraspis festiva 15 yes

Goupia glabra 6 5 4 1

Dioclea scabra 5 3 5
Cnemida retusa 42 yes
Cnemida leprieuri 11 yes
Macraspis maculata 8 yes

Ocotea aff. amazonica 5 1 5 1

Albizia pedicellaris 4 2 4
Cyclocephala ovulum 20 yes

Tachigali guianensis 4 2 1 2
Macraspis festiva 7 yes
Macraspis pseudochrysis 3 yes yes

Moquilea
subarachnophylla

4 2 1 4

Pelidnota osculatii 3 yes

Qualea paraensis 4 2 4

Senna cf. silvestris 4 1 1 1 1

Ruizterania
trichanthera

3 3 2 1 2

Plectris sp. 5 yes yes

Licania hebantha 3 2 1 3
Pelidnota osculatii 3 yes
Pelidnota polita

complex
3 yes yes

Phthirusa stelis 2 1 2
Barybas sp. 3 3 yes
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Table 3. Host trees, diet, activity, and months of occurrence of 15 scarab beetle species in the canopy of a lowland
tropical rainforest in Venezuela, 1997–1999. EFN5 extrafloral nectaries. (#/#)5 first digit indicates number of monitored
plant specimens, second digit indicates number of sampling points.

# host tree
species Main diet Main host trees

Species Activity Months of occurrence Remarks

Cyclocephala
ovulum

4 host species diverse flowers Albizia pedicellaris (1/1)

nocturnal Jan, Feb 1999; Aug,
Dec 1998; Sep–Nov 1997

copulation in Dec, oviposition in
Sep, Dec

Barybas sp. 1 2 host species small white flowers Phthirusa stelis (1/1) Hymenopus
heteromorphus (1/1)

nocturnal Mar 1999; Jul 1998

Barybas sp. 3 7 host species diverse flowers (1 EFN) Phthirusa stelis (1/1) Hymenopus
heteromorphus (1/1)

nocturnal Mar 1999; Jun–Aug 1998;
Sep, Oct 1997

Isonychus sp. 1 2 host species diverse flowers Albizia pedicellaris (1/1) Hymenopus
heteromorphus (1/1)

nocturnal Mar, Apr 1999

Isonychus sp. 2 3 host species diverse flowers Matayba guianensis (2/2)
Hymenopus heteromorphus (1/1)

nocturnal Sep, Oct 1997; Mar, May,
Oct, Nov 1999

Plectris sp. 1 host species EFN Ruizterania trichanthera (4/1)

nocturnal Jan–Mar 1999

Leucothyreus sp. 1 host species leaves Guatteria schomburgkiana (1/1)

nocturnal Jun 1998; Aug 1997

Cnemida leprieuri 2 host species diverse flowers Dioclea scabra (1/1)

diurnal Jan, Feb 1999; Oct 1997;
Dec 1998

mating in Dec and Feb

Cnemida retusa 3 host trees diverse flowers Dioclea scabra (1/2)

diurnal Jan–Mar 1999; Jun, Jul 1998;
Sep, Nov 1997; Dec 1998

quiescent on the forest floor at night

Macraspis festiva 4 host species diverse flowers Matayba guianensis (2/1) Tachigali
guianensis (1/1)

diurnal Mar 1999; Sep–Nov 1997 frequently mating on flowering M.
guianensis; quiescent on leaf surface
of neighboring trees at night

Macraspis nr. maculata 3 host species diverse flowers Dioclea scabra (1/2)

diurnal Mar 1999; Jun, Jul 1998;
Sep 1997; Dec 1998

Pelidnota sp. 1 1 host species small white flowers Hymenopus heteromorphus (1/1)

nocturnal Mar 1999

Continued on next page
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seen mating on floweringM. guianensis. Specimens
were observed resting on the leaf surfaces of two
neighboring tree species at night.
Nocturnal ruteline species belong to the genera

Leucothyreus and Pelidnota (Table 3). The four spe-
cies of Pelidnota fed on flowers and extrafloral nec-
taries.Pelidnota osculatii (Table 7) andPelidnota sp. 1
occurred together on the flowers ofH. heteromorphus,
while P. osculatii and a species from the Pelidnota
polita (Latreille) complex fed on the extrafloral nectar
on leaves of L. hebantha and occasionally bit into
young leaves. The single species of Leucothyreus
consumed leaves of G. schomburgkiana.

Host Trees. Hymenopus heteromorphus is mass-
flowering and bears small white flowers of the
generalist syndrome. There were buds on H. het-
eromorphus at the end of February 1999. With the
opening of the first buds from 3 March onwards,
flower-visiting beetles were observed regularly.
Scarabaeidae represented the family with the fourth
greatest species richness (n5 12) on this tree (Table 2)
and were represented by 28 individuals, including six
trapped specimens. Two scarab species, Pelidnota sp.
1 and Macraspis sp. 1, were recorded exclusively on
H. heteromorphus. Other species recorded on
H. heteromorphus were Barybas sp. 1 and sp. 3,
Isonychus sp. 1 and sp. 2,M. festiva,M. nr.maculata,
Macraspis sp. 2 and sp. 3, P. osculatii, and T. ebenus.

Two trees of M. guianensis with mass-flowering
had small white flowers of the generalist syndrome
and were sampled during three flowering seasons.
Tree #446 was monitored over a flowering season of
21 days from 18 September to 8 October 1997. Three
scarab specimens, one each of C. ovulum, Isonychus
sp. 2, andM. festiva, were collected in the traps.Many
M. festiva were observed mating on the tree but not
usually captured in the traps. The flowering season of
tree #636 followed after that of tree #446. Only M.
festiva was trapped on this tree. From April to mid-

May 1999, both trees flowered again. Isonychus sp. 2
was the only scarab trapped. During the main flow-
ering season in October-November 1999, Isonychus
sp. 2 consisted of 16 collected specimens. This
contrasts with the fact that it represented only two
specimens in 1997. In all three flowering seasons,
only 23 scarabs were trapped, and seven species were
represented (C. ovulum, Isonychus sp. 2, M. festiva,
M. nr. maculata, Macraspis sp. 2, sp. 3, and sp. 4).

Another mass-flowering tree species is A. ped-
icellaris that has reddish brush flowers of radial
symmetry with small petals and many prominent
stamens that are more conspicuous than the perianth.
The flowering season of A. pedicellaris covered a
period of about three weeks (8 October to 1November
1997). Cyclocephala ovulum was collected regularly
throughout the entire flowering season in 1997 but not
in the 1999 flowering season. With four species (C.
ovulum, Isonychus sp. 1 and sp. 2, andP. osculatii) and
the second most number of individuals (n 5 24),
Scarabaeidae were among the most abundantly trap-
ped beetles on A. pedicellaris (Table 2).

Small white flowers of the generalist syndrome and
mass-flowering also characterize T. guianensis. The
flowering season of T. guianensis lasted 9–27 No-
vember in 1997. One of the most abundant scarab
species recorded on T. guianensis was M. festiva fol-
lowed by Macraspis pseudochrysis Landin. The
trapping period during the non-flowering interval lasted
about 4.5 months, but only single specimens of
P. osculatii and Stenocrates rufipennis (Fabricius) were
collected. Altogether, four scarab beetle species and 12
individuals were collected from T. guianensis (Table 2).

Three scarab species (Pelidnota aciculata (F.
Bates), Plectris sp., and one unidentified melo-
lonthine species) represented by nine individuals
were collected on R. trichanthera in the course of
the year (Table 2). No specimens were sampled with
the window traps during a four-month trapping

Table 3. Continued.

# host tree
species Main diet Main host trees

Species Activity Months of occurrence Remarks

Pelidnota aciculata 1 host species diverse flowers Ruizterania trichanthera (1/1)

nocturnal Aug–Nov 1997

Pelidnota osculatii 7 host species diverse flowers (1 EFN) Hymenopus heteromorphus (1/1)
Licania hebantha (1/1)

nocturnal Jan–Mar 1999; May–Jul
1998; Aug, Oct 1997

oviposition in Mar

Pelidnota polita complex 1 host species EFN Licania hebantha (1/1)

nocturnal Jan, Feb 1999
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period. Among the abundant species was the noc-
turnal Plectris sp., which was observed feeding
mainly on extrafloral nectaries only onR. trichanthera
(Table 2).
Licania hebantha and M. subarachnophylla

produce extrafloral nectar on flushing pubescent leaves.
During the flush, seven scarab beetles belonging to
three species (Barybas sp. 3, P. osculatii, and P. polita
complex) were collected on L. hebantha and seven
individuals in four species (C. ovulum, P. osculatii, P.
valgus, and S. cf. carbo) on M. subarachnophylla.
WhileP. polita complex fed only onL. hebantha and S.
cf. carbo only on M. subarachnophylla, P. osculatii
visited both tree species (Table 2).

DISCUSSION

Species Characteristics. Cyclocephala ovulum
occurred regularly on flowers of A. pedicellaris,
indicating that there is also a host association with
Fabaceae. Cyclocephala ovulum in the study plot

fed on diverse flowers and was also observed
feeding on extrafloral nectar. Cyclocephalini are
most closely associated with early diverging an-
giosperm groups, where they feed, mate, and re-
ceive the benefit of thermal rewards from the host
plant (Moore and Jameson 2013). Adult cyclo-
cephaline beetles have been shown to contribute to
pollination in the Annonaceae, Araceae, Arecaceae,
Cyclanthaceae, Magnoliaceae, and Nymphaeaceae,
and at least 97 cyclocephaline species have been
reported from the flowers of 58 plant genera rep-
resenting 17 families (Young 1986; Gottsberger
1989; Moore and Jameson 2013). Cyclocephala is a
large genus that currently contains about 360 spe-
cies (Ratcliffe and Cave 2017), although new
species are being described continuously. Several
species of Cyclocephala are known to feed upon
(and pollinate) the flowers of aroids and certain
palms, and some are the principal or exclusive
pollinators of some plant genera within Araceae and
Annonaceae. The beetles are attracted by odor and

Table 5. Occurrence of Isonychus sp. 2 in the canopy of tree species in a lowland tropical rainforest in Venezuela,
1997–1999. All individuals were feeding on flowers.

Host tree species Number of individuals

Hymenopus heteromorphus 5
Albizia pedicellaris 1
Matayba guianensis 1 1 1 15 1

Sep 97 Oct 97 Mar 99 May 99 Oct 99 Nov 99

Table 4. Occurrence of Barybas sp. 3 in the canopy of tree species in a lowland Venezuelan rainforest, 1997–1999.

5 flowers; 5 extrafloral nectaries; ? 5 diet unknown.
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temperature and use the flowers as food or for areas
for mating (Young 1986; Gottsberger 1989; Moore
and Jameson 2013). Only members of Cyclo-
cephala have been recorded from dicot flowers, and
only in the New World (Moore and Jameson 2013).
Dicot families recorded as host plants include
Asteraceae (Hayward 1946), Lecythidaceae (Prance
1976), and Cactaceae (Lenzi and Orth 2011).
Another eight species of Cyclocephala were

recorded from the study plot, but host associations
or occurrence in the canopy were not clear because
Cyclocephala species are often specialized for
specific plant species and families (e.g., Araceae),
whichwere not included in this study. An example is
Cyclocephala colasi Endrödi that was collected
with 25 often pollen-loaded individuals, but only
two specimens were sampled on canopy trees. This

species is known to be associated with the Ama-
zonian arum lily Philodendron solimoesense A.C.
Sm. (Araceae), which grows in the understory
(Seymour et al. 2009).

Adults in the subfamily Rutelinae are known to
feed on leaves or not to take any nourishment
(Scholtz and Chown 1995). The exclusively
Neotropical tribe Geniatini Burmeister includes 13
genera and 323 described species, and they inhabit
semideciduous and cloud forests (Pereira et al.
2013). The single species of Leucothyreus that was
collected in the canopy of the crane plot fed on
mature leaves. It was the only leaf-feeding species
of the observed scarab community in the canopy.

Four nocturnal species of Pelidnota were recor-
ded in the study plot feeding on flowers and
extrafloral nectaries, whereas the species of diurnal

Table 7. Occurrence of Pelidnota osculatii in the canopy of tree species in a lowland tropical rainforest in Venezuela,

1997–1999. 5 flowers; 5 extrafloral nectaries; ? 5 diet unknown.

Table 6. Occurrence of Macraspis festiva in the canopy of tree species in a lowland tropical rainforest in Venezuela,
1997–1999.

Host tree species Estimated number of individuals and date

Hymenopus heteromorphus 4 12–16 Mar
Tachigali guianensis >10 12–24 Nov
Qualea paraensis 5-10 to 10 Nov
Matayba guianensis tree #636 �15 to 25 Oct
Matayba guianensis tree #446 �25 from 20 Sep �5 to 8 Oct

Sep 1997 Oct 1997 Nov 1997 Mar 1999
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Macraspis fed on flowers, consuming their petals
and pollen. These are generalist beetles found on a
wide variety of plants, including both mono-
cotyledons and dicotyledons (Soula 2003). Larvae
are saproxylophagous and develop in rotten wood
(Garcı́a et al. 2013). Macraspis species in the
canopy study plot fed on diverse flowers, with the
abundant M. festiva visiting flowering tree species
over the entire flowering season and then moving to
another flowering tree species. Macraspis festiva
was recorded in the canopy from September to
November as well in March. Garcia et al. (2013)
reported pupae and larvae of this species from
rotting logs in Brazil in January–April, August, and
November, which indicates a multivoltine life cycle
and year-round occurrence. Thus, M. festiva prob-
ably fed on non-sampled trees during other months
in our study.
Species of Cnemida inhabit tropical moist and

premontane forests of South and Central America
(Jameson 1996). Adults have been collected on
various flowering plants and from foliage. Recorded
host plants are Bixa L. (Bixaceae), Mimosa L.
and Inga Miller (both Fabaceae), Gossypium L.
(Malvaceae), Psychotria L. (Rubiaceae), and
Turneraceae. Adults are generally active from early
morning to midday. This period of activity corre-
sponds with the flowering timeframe of Turnera L.,
Bixa, Inga, and Mimosa (Jameson 1996). Cnemida
retusa is recorded from Venezuela, Suriname,
Guyana, Peru, French Guiana, Ecuador, Colombia,
Bolivia, and northern Argentina (Jameson 1996).
Adults have been observed feeding on the buds and
flowers of roses (Rosaceae) (Araújo e Silva et al.
1968). Cnemida leprieuri is known from Suriname,
French Guiana, the Amazon Basin, Peru, and
Bolivia (Jameson 1996). In our canopy study plot,
both species preferred feeding on the flowers of the
liana D. scabra.
Many adult melolonthines do not feed, whereas

others feed on flowers or leaves (Scholtz and
Chown 1995). The single species of Plectris in the
canopy study plot fed exclusively on the extrafloral
nectaries of R. trichanthera from January to March.
Plectris adults in Colombia become most active
in October and November (Pardo-Locarno et al.
2005). The two species of Isonychus in the study
plot fed on diverse flowers. Two species of Barybas
in the study plot fed mainly on flowers. Andrade et al.
(1996) found Barybas species feeding on flowers of
Xylopia brasiliensis Sprengel (Annonaceae).
Diet. Beetles in flowers presumably take nectar,

feed on flower parts, or feed on pollen as adults
(Samuelson 1994). Beetles find flowers by certain
cues, especially color (Waser 1983) and scent
(Gottsberger 1989). On 145 plant species in a
tropical monsoon forest in Laos, Coleoptera were
the second most abundant visitor group (16% of all

individuals), and Scarabaeidae were among the
most abundant families (Kato et al. 2008). Scar-
abaeidae visiting flowers in canopy trees were re-
ported as well from Bornean (Kato et al. 2000) and
Australian rainforests (Kitching et al. 2007). Our
data in the Venezuelan canopy crane plot where
species-rich scarab assemblages were found on
flowering trees compare favorably with these
findings in Asia and Australia. Cyclocephala ovu-
lum and M. festiva, which showed temporal flower
constancy, might contribute to pollination even in
more generalist flowers.
Scarabaeidae exhibit an evolutionary transition

from a coprophagous to a phytophagous lifestyle
(Grimaldi and Engel 2005), and several different
associations with flowers exist (Schiestl and Dötterl
2012). However, the flower-visiting scarabs in the
canopy crane plot showed comparable resource use
behavior. Six of eight species of Melolonthinae
were associated with flowers. This contrasts with
the traditional view that the adults of some basal
groups of phytophagous scarabs, including Melo-
lonthinae, do not visit flowers but rather feed on
leaves (Leal 1998; Krell 2006). Conversely, flower
visitation is known within a derived, monophyletic
group of scarabs consisting of Rutelinae, Dynasti-
nae, and Cetoniinae (Browne and Scholtz 1999;
Smith 2006). Anthophilous groups are relatively
young with an estimated origin in the Paleocene
around 60 mya (Krell 2006). The fact that florivory
obviously prevails in canopy scarabs might be at-
tributed to the unpalatability of leaves (Cates and
Rhoades 1977; Novotny et al. 2003), while flowers
generally contain lower concentrations of defensive
chemicals (Irwin et al. 2004). Furthermore, except
for Leucothyreus sp., no scarab species were found
feeding on leaves. The majority of the most
abundant beetles could be associated with a distinct
nonfoliar diet.
The visitation of beetles to extrafloral nectaries

has been recorded on Cucurbitaceae (Agarwal and
Rastogi 2010) as well as at foliar nectaries of
Byttneria aculeata (Jacq.) (Sterculiaceae) in low-
land Costa Rica (Hespenheide 1985). However,
there are no published reports of scarab species
feeding on extrafloral nectaries. This is surprising
because eight scarab species were observed con-
suming this diet in the canopy crane plot, and they
represented almost a fourth of the entire canopy
assemblage. Furthermore, the extrafloral nectar-
secreting young leaves of L. hebantha and M.
subarachnophylla attracted three and four scarab
species, respectively. Extrafloral nectar does not
differ significantly from floral nectar and also does
not show differences between accessible nectar of
open flowers and nectar protected by narrow corolla
tubes (Blüthgen et al. 2004). Thus, beetles feeding
on floral nectar should be expected to feed also on
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extrafloral nectar. Note that Plectris sp. (n5 5) was
found exclusively consuming extrafloral nectar.
In the tropics, many plants often flower without

regularity and synchrony, which is in contrast to
temperate forests (Sakai 2001). Newstrom et al.
(1994) demonstrated that, in spite of an annual
rhythm observed at the community level, only 29%
of trees showed an annual flowering pattern in Costa
Rica where the predominant flowering pattern was
subannual (flowering more than once a year, often
irregularly), accounting for 55% of the trees. Studies
carried out in the crane study plot at Surumoni
validate data collected from other areas. The
flowering phenology of 54 species of canopy trees
showed temporally non-annual reproductive pat-
terns in about 35% of the species. Moreover, 27% of
all trees showed a single flowering event per year,
while 25% showed several flowering periods per
year; 12% of the trees flowered nearly continuously.
The community flowering pattern showed a bi-
modal distribution with a first peak at the end of the
dry season/beginning of the rainy season and a
second peak in the transition period between the
rainy and dry seasons (Wesenberg 2004).
As flowering in tropical canopy trees is often

unpredictable and temporally limited, it is expected
that flower-visiting scarabs should be able to utilize
flowers of various tree species. Thus, 11 out of 21
exclusively flower-visiting scarabs were recorded
on at least two different canopy tree species. This
foraging behavior was particularly demonstrated by
M. festiva switching from the mass-flowering M.
guianensis #446 to #636, then moving to the mass-
flowering Q. paraensis, and thereafter to the mass-
flowering T. guianensis. The same phenomenon
might apply to other flower-visiting scarabs in the
canopy crane plot and is suggested by studies in the
understory. The mean distance that Cyclocephala
species moved within one night was 83 m with a
range of 1–529 m, and one flight of 1,350 m was
recorded between visits to Dieffenbachia long-
ispatha Engl. and K. Krause (Araceae) (Young
1988).
Cyclocephaline species are generally oligopha-

gous or polyphagous. For cyclocephaline species
with multiple host records, only seven species were
recorded from a single host-plant genus (monoph-
agous), 23 species have been reported frommultiple
host-plant genera within a family (oligophagous),
and 27 species have been recorded from multiple
host-plant families (polyphagous) (Moore and
Jameson 2013). Among the species of Cyclo-
cephala in the canopy crane plot, only C. ovulum
was clearly identified as polyphagous, feeding on
four unrelated canopy tree species.
Host specificity for insects is defined as the

taxonomic range of plant species utilized and the
plant parts preferred (Janzen 1973). Scarab species

(n 5 17) in the canopy crane plot, particularly the
more abundant scarabs, often fed on different plants.
Numerous host records may be caused by po-
lyphagy, which enables higher beetle abundance
compared to oligophagous species. Otherwise, as
abundant species are more frequently sampled, they
are more likely to be found on a higher variety of
host plants. Thus, rare species always seem more
specialized than they truly are (Ødegaard 2000).
Host specificity is an evolutionarily labile property
(Wasserman and Futuyma 1981; Radtkey and
Singer 1995), and often a species, as a whole, has a
greater host range than a single individual of the
same species (Fox and Morrow 1981; Mawdsley
and Stork 1997). Furthermore, host affiliations can
vary geographically (Fox andMorrow 1981) both in
specialist (Thompson 1999) and in generalist insects
(Sword and Dopman 1999). Examples may be C.
retusa as well as M. pseudochrysis, which fed on
flowers of T. guianensis in the study plot but also
feed in inflorescences of the palm Euterpe oleracea
Mart. in October, November, and February in the
eastern Amazon region of Brazil (Jesus-Barro et al.
2013).

Community Assemblage. Compared to other
beetle families dominating the canopies of tropical
forests, Scarabaeidae are usually less prominent
inhabitants, although they were the sixth species-
rich beetle family in the canopy crane plot. Only 33
of 854 beetle species in 44 families recorded on 25
canopy plant species of the study plot were Scar-
abaeidae. Also, studies in other tropical forest
canopies commonly report few scarab species.
Stork and Grimbacher (2006) recorded 36 scarab
species from a lowland tropical rainforest in Aus-
tralia, and Hammond et al. (1997) reported 16
scarab species in Sulawesi. However, on some
mass-flowering tree species, e.g., H. heteromorphus,
Scarabaeidae might appear with many species and in
high numbers. As in the canopy crane plot, the sub-
families Dynastinae, Melolonthinae, and Rutelinae
predominated in samples fromapremontane rainforest
in Costa Rica (Garcı́a-López et al. 2010); comparable
to the canopy crane plot community, Melolonthinae
had the lowest number of species and individuals.

The scarab community in our canopy study area
tended to accumulate on single trees, particularly
flowering trees such as H. heteromorphus on which
12 species were observed. Scarab beetle species
share many hosts and the same diet. In our study,
Cnemida and Isonychus had some species occur
together on host trees. Four species of Macraspis
co-occurred on the flowers ofM. guianensis and H.
heteromorphus.Aggregations of congeneric species
are known for Cyclocephala species where a single
inflorescence can contain multiple species. An
extreme example is Dieffenbachia nitidipetiolata
Croat and Grayum that was visited by at least
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nine Cyclocephala species in Costa Rica (Young
1990). These multi-species aggregations might be
explained if floral scents are also serving as surrogate
sex pheromones for multiple cyclocephaline species
(Schatz 1990). This hypothesis may be supported by
the observations of Gottsberger et al. (2012) who
observed thatCyclocephala literata Burmeister will
aggregate due to floral scent compounds alone.
Such congeneric aggregations suggest that niche
requirements among these species are similar.
The sympatric co-occurrence of congeneric

species is remarkable because species with identical
ecological requirements cannot coexist temporally
and spatially (Mayr 1979). Typically, there are small
differences either in habitat use or behavior for such
species. For instance, niche width and overlap in
sympatric bark beetles were affected by resource
availability, arrival sequence, and attack density
(Amezaga and Rodrı́guez 1998). Two sympatric
species of Phaleria Latreille (Tenebrionidae)
showed differences in their zonation and habitat
preferences (Deidun et al. 2010). Two sister species
of leaf beetles in the genus Chrysochus Chevrolat
(Chrysomelidae) showing overlapping host asso-
ciations used a different number of milkweed host
plants, with one species monophagous and the
other feeding on three different plant species
(Dobler and Farrell 1999). The co-occurring species
of Macraspis in our canopy study area seemed to
differ in their host preferences as well as overall
abundances. WhileM. festivawas sampled 15 times
on M. guianensis (32 individuals collected), M. nr.
maculata was collected on this tree species only
twice (11 individuals collected). The reason(s) for
this difference is unknown.
Activity. Scarabs in our canopy study area were

active on their host trees either at night or during the
day. Macraspis species were found on their host
trees during the day, and species of Pelidnota,
Dynastinae, andMelolonthinae were only evident at
night. Such distinct diel activity patterns are well
known in most scarab groups, and they may reflect
simple evolutionary constraints (Kronfeld-Schor and
Dayan 2003). A study in Borneo showed dung beetle
activity in the canopy, with most species being active
only during the day and with clear specification of
activity peaking atmidday or at dawn/dusk (Davis et al.
1997). Dung and carrion beetles in a tropical forest in
French Guiana could be categorized as typically di-
urnal, nocturnal, or crepuscular species (Feer and
Pincebourde 2005). Strong diel activity patterns may
coincide with anthesis. For instance, flowers of
Turnera, Bixa, Inga, and Mimosa generally bloom in
early morning, and by midday the petals close and wilt
(Elias et al. 1975; Janzen 1983; Koptur 1994).
Resting was observed for few species. The di-

urnal C. retusa was quiescent on the forest floor
at night, demonstrating that some beetles shift

between forest strata during periods of activity and
non-activity. Others, like M. festiva, are hidden at
night between leaves away from their host trees.
Unpredictable occurrence or retreat to hiding places
during rest may lower predatory pressure. More-
over, presence on host trees only during times of
activity may reduce inter- and intraspecific com-
petition. On the other hand, the shift between strata
might be related to specific microclimate conditions
in the rainforest canopy. Tree canopies are exposed
habitats, and during the day they can be hot and dry
and receive high solar insolation. Levels of solar
radiation, fluctuations in relative humidity and air
temperature, and wind velocities are noticeably
higher in the upper canopy than in the understory
(Parker 1995; Szarzynski and Anhuf 2001). Thus,
most species will deal either with daytime or
nighttime conditions and avoid extreme conditions
during quiescence.
Some abundant scarab species in the canopy

crane plot were present in most months of the year
(e.g.,Barybas sp. 3,C. ovulum, C. retusa, Isonychus
sp. 2, M. nr. maculata, P. osculatii). This indicates
year-round occurrence and possibly multivoltine
life cycles. Species restricted in their occurrence to a
few months may either exhibit seasonality or they
just did not visit the canopy host plants studied at
those periods. The patchy distribution and move-
ment of scarab beetles among different hosts may
result in a false perception of seasonality if sampled
only at one locality in the forest.
However, most tropical insects show accentuated

seasonality (Wolda 1989, 1992) that is probably
related to tree phenological events, such as leaf
shedding and budding, flowering, and fruiting
(Janzen 1975; Larcher 2000). Investigations on
Curculionidae in Panama showed activity patterns
of species that occurred only during short periods or
up to an entire year, and many species showed

Fig. 6. Total number of individuals sampled per
scarab beetle species regressed on the number of
months of occurrence, Venezuela, 1997–1999.
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similar seasonal patterns in successive years (Wolda
1988). This is supported by a light-trapping study in
the premontane rainforest in Costa Rica (Garcı́a-
López et al. 2010). Some of the dynastine species
found were highly seasonal (e.g., Cyclocephala
williami Ratcliffe), whereas others had a distinct
aseasonality covering most of the sampling time
(e.g.,Pelidnota parallela (Hardy)). Among 13 species
of Melolonthinae and Rutelinae, eight showed clear
seasonality in occurrence and abundance in a
Bornean rainforest (Kishimoto-Yamada and Itioka
2012).
Martı́nez et al. (2009) observed that there was a

significant shift in community structure between the
dry season and the rainy season for 14 scarab
species in successional forest fragments of western
Puerto Rico. The reason is most likely related to a
taxon-specific interaction of stage of life cycle and
seasonality. Specifically, the species ofPhyllophaga
Harris (Melolonthinae) were univoltine, whereas all
other species were multivoltine. Nevertheless, ap-
propriate food resources may result in higher ac-
tivity and higher capture rates (e.g.,M. festiva atM.
guianensis and T. guianensis in our study), and thus
do not necessarily depend on life cycles or sea-
sonality. The flight activity of Phyllophaga lisso-
pyge (Bates) in Colombia generally occurs more
abundantly during the two rainy seasons, either
March toMay or September to November, but it was
captured during every month of the year with the
exception of August (Morales-Rodriguez et al.
2011). Still, more abundant and polyphagous spe-
cies such as Barybas sp. 3, C. retusa, or P. osculatii
are likely to be collected in more months of the
year compared to rare species. The relationship
between abundance and seasonality is illustrated by
regressing the total number of individuals sampled
per scarab species on the number of months col-
lected (Fig. 6).

CONCLUSIONS

This study is the first long-term observation of
a scarab beetle community inhabiting the canopy
of a Neotropical rainforest. Moreover, this study
combined multiple sampling techniques as well as
continued sampling and observations of scarabs
during the day and night. Specimens included in this
study were identified, in part, to species level (n 5
18). The Surumoni crane project was one of the first
crane facilities established worldwide and has, thus
far, remained the only one within the world’s largest
rainforest area, the Amazon Basin (Winkler and
Listabarth 2003).
One complete year of sampling revealed a total of

33 scarab species. Host records, adult food resource,
diurnal/nocturnal activity, and switching behavior

between canopy trees were documented for many
species. The majority of the scarab community
subsists on flowers, with up to 12 species aggre-
gating on a single flowering tree. Some of the
abundant species exhibited temporal flower con-
stancy on mass-flowering canopy trees. New to
science is that Scarabaeidae may temporally visit
canopy trees that secrete extrafloral nectar during
leaf flush. The results suggest that canopy scarab
beetles are temporally associated with distinct
canopy hosts. Their distribution coincides with the
availability of appropriate food resources. Thus, the
composition of canopy inhabiting scarab commu-
nities is temporally changing among tree species.
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