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Abstract

FonTaneTTi CS, Zem E, Passetti F, Mesa A. 2002. Morphological characterization and comparative analysis of the proventriculus
from three species of Endecous Saussure, 1878 (Orthoptera: Gryllidae: Phalangopsinae). Entomotropica 17(1):15-23.

The diversity in the morphology of the digestive tract of insects has led several authors to use it as an auxiliary character in
systematics and phylogeny, with special emphasis on the proventriculus, whose morphological variability is related to the diversity
of insect feeding habits. In the present study, using scanning electron microscopy, we characterized the proventriculus of six
populations of three Endecous species collected in cerrados, woods, fields, forests and caves in order to determine whether this
structure suffered some divergence. General morphology was found to be the same for all species analyzed, with the presence of six
internal rows of sets of sclerotized appendices formed by a central projection, called middle tooth, and by two lateral expansions
called lateral teeth. Both middle and lateral teeth presented apical projections, called denticles, whose number varied from specimen
to specimen. Small differences in the shape of the apex of lateral and middle teeth were observed, with the latter being more
rounded in cave crickets and more sharp in epigean specimens. Although no studies have been conducted to specifically determine
the digestive content of the species analyzed, it is clear that the food available in forests differs from that available in caves both in
terms of quality and texture. The authors believe that these differences, although subtle, may reflect an adpatation to variations in
diet to which these populations were submitted in epigean and hypogean regions.

Additional key words: Crickets, insect anatomy.

Resumen

FonTanetTi CS, Zem E,Passetti F, Mesa A. 2002. Caracterizacion morfoldgica y andlisis comparativo de tres especies de Endecous
Saussure, 1878 (Orthoptera: Gryllidae: Phalangopsinae). Entomotropica 17(1):15-23.

La diversidad en la morfologia del tracto digestivo de los insectos condujo a varios autores a utilizarlo como caracter adicional en
estudios de sistemética y filogenia. El proventriculo, cuya variabilidad morfoldgica esté relacionada a la dieta de los insectos, ha
recibido especial énfasis. En el presente trabajo se caracteriza con la ayuda de microscopia electrénica de barrido el proventriculo
de seis poblaciones pertenecientes a tres especies de Endecous Saussure, encontradas en ambientes de cerrado, bosque, campo
abierto, selva y cuevas, para poder determinar si existen diferencias en el proventriculo. La morfologia general observada es la
misma en las tres especies e incluye seis hileras internas de series de apéndices esclerotizados formados por una proyeccion central,
llamada «diente medio», y por dos expansiones laterales llamadas «dientes laterales». Tanto los dientes medios como los laterales
presentan proyecciones apicales llamadas «denticulos», cuyo nimero varia individualmente. Se observaron pequefias diferencias
en la forma del apice de los dientes laterales y medios. Estos Gltimos son méas redondeados en grillos cavernicolas y mas afilados en
ejemplares epigéicos. No se hicieron estudios para determinar el contenido digestivo de las especies examinadas, pero es obvio que
el alimento disponible en bosques difiere de aquel en cuevas, tanto en calidad como en textura. Los autores creen que estas
diferencias, atn siendo sutiles, podrian reflejar adaptaciones a variaciones en la dieta a las cuales estan sometidas las poblaciones
epigéicas e hipogéicas, respectivamente.

Palabras clave adicionales: Anatomia de insectos, grillos.

Introduction

The diversity in the morphology of the digestive tract
of insects has led several authors to use it as an auxiliary
character in the systematics and phylogeny of several
taxonomic groups (Bordas 1896, 1898; Mortiner 1965;
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Singh and Judd 1966; Grant and Rentz 1967; Deligne
1971). Special attention has been devoted to the
proventriculus, a transition area between the foregut
and midgut, because of its morphologic variability
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usually related to the feeding habits of the insects. The
relationship between morphology of the proventriculus
and feeding habits has been well established in termites
(Lebrun 1985; Lebrun and Lequet 1985), in some
Trichoptera (Gibbs 1967) and in a few Orthoptera
species (Judd 1948; Bland and Rentz 1991; Fontanetti
and Zefa 2000).

The objective of the present study was to describe the
morphology of the proventriculus and possible
differences in this structure in three species of Endecous:
E. itatibensis Rehn, 1918, E. cavernicolus Costa-Lima,
1940 and E. betariensis Melo and Pellegatti-Franco,
1998 from six populations found in different habitats.

Endecousare crickets of the subfamily Phalangopsinae
distributed mainly in tropical areas, where they are
found in the native vegetation, in leaf litter, under logs
and rocks, on rock cliffs and even in abandoned
habitations (Otte and Alexander 1983); they have
nocturnal habits and show pre-adaptations that allow
them to live in caves, changing to a troglophile
condition.

In Brazil, these insects are found in cerrados, woods,
open fields, semidecidual forest, alluvial semidecidual
forest and caves.

Material and Methods

The material used was collected by E. Zefa and
collaborators and deposited in the collection of the
Department of Biology, UNESP - Rio Claro, S&o Paulo,
Brasil.

i) Endecous itatibensis Rehn, 1918 — 2 males and 4
females collected in “cerrado” vegetation in the
municipal district of Corumbatai, Sdo Paulo, on May
10, 1996; 8 males and 6 females, collected at Cave of
Fazendao: lat 22° 24’37”S, long 47° 47°34”W, on
November 25, 1997, municipal district of Ipelina, Sado
Paulo; 3 males, collected in alluvial semidecidual
forest, municipal district of Piracicaba, Sdo Paulo,
ESALQ Campus (Escola Superior de Agronomia
“Luiz de Queiroz”), on November 3, 1999; 3 males
and 1 female, collected in semidecidual forest,
municipal district of Itatiba, Sdo Paulo, Km 95,
Highway D. Pedro I, on November 20, 1999.

ii) E. cavernicolusCosta-Lima, 1940 — 3 males, collected
at Cave of Lapinha: lat 19°33’40’S, long 43°57°30”W,
municipal district of Lagoa Santa, Minas Gerais, on
May 22, 1998;

iii) E. betariensis Mello e Pellegatti-Franco, 1998 — 2
males collected in the municipal district of Iporanga,
Sdo Paulo, PETAR (Parque Turistico do Alto do
Ribeira), Cave of Alambari de Cima: lat 24°33’15"S,
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long 48°39’50”W; 10 males and 1 female, collected at
Cave of Lage Branca: lat 24°32°57”S", long 48°
43’15”W, October 4 to 6, 1997.

The digestive tract of adult males and females was
dissected in physiological solution. This structure was
drawn with the help of a camera lucida coupled to a
stereomicroscope. The proventriculus was fixed in
Karnowsky (1965) solution and processed for
observation by scanning electron microscopy JEOL
ISM-P.15 of Department of Biology, UNESP, Rio
Claro, SP, Brasil.

Results
1. General morphology of the digestive tract

The digestive tract of the species studied showed the
basic composition observed in insects (Figure 1):
foregut (fg) consisting of pharynx (ph), esophagus (es),
crop (c) and proventriculus (pv), midgut (mg) or
ventriculus (v), with a pair of gastric caeca (gc) and
hindgut (hg) whose beginning is marked by the insertion
of Mapighian tubules (Mt), ending in the rectum (r)
and anal area.

When the proventriculus of males and females of each
population was compared no differences were detected.
The general morphology of the digestive tract as well
as that of the proventriculus proved to be the same in

I'I'I'g.

Ficure 1. General morphology of digestive tract of Endecous spp.
¢ = crop; es = esophagus; fg = foregut; g = gut; gc = gastric
caecum; hg = hindgut; mg = midgut; Mt = Malpighian tube; ph
= pharynx; pv = proventriculus; r = rectum; v = ventriculus.
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Ficures 2, 3, 4, 5. Internal view of the proventriculus of E. itatibensis from the cerrado region. Id = lateral denticles; It = lateral teeth; md
= middle denticles; mt = middle teeth; sa = sclerotized appendix; sl = sclerotized lobes; sp = sclerotized partitions;
arrowheads = sclerotized setose lobes; filled arrow = external portion of lateral tooth, empty arrow = internal portion of a lateral tooth.

Magnifications: 2 = 50X; 3 and 5 = 300X; 4 = 800X; 5 = 300X.

the species analyzed. Only small differences were
observed in the structure of the lateral and middle
denticles.

2. General morphology of the proventriculus

The inner surface of the proventriculus showed six rows
of groups of sclerotized appendices (sa) connected to
each other by sclerotized partitions (sp) (Figures 2, 9).
On each side of the rows of sclerotized appendices (sa),
small expansions were observed, the sclerotized lobes
(sl) (Figures 2,9, 15), which presented a dense internal
setose (arrowheads in Figures 2, 5, 6, 7, 9, 13, 15).

The sclerotized appendix (sa) (Figures 2, 3, 6, 9, 13,
15) is formed by a central projection, the middle tooth
(mt) (in detail on Figure 12), and two lateral expansions,
the lateral teeth (It) (details in the Figures 4, 8, 10, 11,
14, 16).

The middle tooth (mt) showed apical projections, the
middle denticles (md) (Figures 3, 5, 6, 7, 12, 13, 15),
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which were presented in variable numbers depending
on the specimens.

The lateral teeth (It) are formed by two projections: a
more external one, pointing backward to the lumen of
the proventriculus (filled arrows in Figures 5, 10, 11,
14, 16) and a more internal one (empty arrows in
Figures 5, 10, 11, 14, 16), both of them with apical
projections called lateral denticles (Id) (details on
Figures4, 7, 8,10, 11, 14, 16), whose extremities had
a sharp or rounded shape.

3. Comparison of proventricular morphology

Although the general morphology of the proventriculus
was the same for the three species analyzed, some small
differences were observed among them in terms of
number of middle denticles (md) and shape of the
extremities of the middle (md) and lateral denticles

(Id).
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Ficures 6, 7, 8. Proventriculus of E. itatibensis from the cerrado region (figure 6) and Fazendao cave (figures 7, 8). Id = lateral denticles;
It = lateral teeth; md — middle denticles; mt = middle teeth; sa = sclerotized appendix; arrowheads = sclerotized setose lobes. Magnifications:
6 = 200X; 7 = 500X; 8 — 800X.
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Ficures 9, 10, 11, 12. E. betariensis proventriculus. Id = lateral denticles; It = lateral tooth; md = middle teeth; sa = sclerotized appendix;
sl = sclerotized lobes; sp = sclerotized partitions; empty arrow = internal portion of lateral teeth; filled arrows = external portion of the
lateral teeth; arrowhead = sclerotized setose lobes. Magnifications: 9 = 200X; 10 = 1000X; 11 = 800X; 12 = 500X.

Six middle denticles (md) were observed in E.betariensis middle denticles; some teeth with seven denticles and
Figure 9). E. itatibensis showed five denticles in some others with six were observed in the same individual
specimens (figures 3, 5), six in others (Figures 6, 15), (Figure 13).

and an individual collected at Fazend&o cave showed The lateral (Id) and middle denticles (md) showed
seven middle denticles (Figure 7). The species E. sharper extremities in all specimens of E. itatibensis
cavernicolusalso presented variations in the number of from the cerrado (Figure 6) and from the forest of Itatiba
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Ficures 13, 14. E. cavernicolus proventriculus. Id = lateral denticles; It = lateral teeth; md = middle denticles; filled arrow = external
portion of the lateral teeth; empty arrow = internal portion of the lateral teeth; arrowheads = sclerotized setose lobes. Magnifications:
13 = 300X; 14 = 800X.
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Ficures 15, 16. E. itatibensis proventriculus from the Itatiba forest. sl = sclerotized lobe; sa = sclerotized appendix; It = lateral teeth; mt=
middle tooth; md = middle denticles; Id = lateral denticles; filled arrow = external portion of the lateral teeth; empty arrow = internal
portion of the lateral teeth; arrowhead = sclerotized setose lobes. Magnifications: 15 = 300X; 16 = 800X.

(Figure 15); in all samples of E. itatibensis from the Discussion

Fazenddo cave (Figures 7, 8) and in the species E. The great majority of crickets are omnivorous, but this
betariensis (Figures 10, 12) and E. cavernicolus (Figure does not necessarily imply that the diets of the different
13), the denticles were more rounded. species are exactly the same. Within a genus, natural

diets can be exclusively herbivorous or carnivorous,
although few crickets are known as great predators,
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and when they are, they usually capture inactive or
practically defenseless preys such as eggs, pupae,
recently molted insects, etc. (Walker and Masaki 1989).

The natural diet of soil-dwelling crickets is not very
well known; a few studies were reported; Gangwere
(1961) observed dicotyledon leaves and other organic
fragments in the content of the crop and pellets of
Gryllus pennsylvanicus Burmeister, 1838 and
Allonemobius allardi (Alexander and Thomas, 1958);
he observed also smaller amounts of fragments of
insects, pollen, spores and vegetables.

Bland and Rentz (1991) suggested that herbivorous
gryllacridids have lateral denticles longer than those
of predatory species; the authors point out that the high
diversity of internal structures of the proventriculus
among gryllacridid genera allows their use as
taxonomic characters.

Species with a broad diet can have middle teeth able to
grind, perforate and tear; this architecture combining
different tooth and denticle shapes provides only
general information but no detail about the feeding
preferences of the species (Bland and Rentz 1991).

Isely (1944) and Gangwere (1965) observed diversity
in the jaw and maxillary morphology of grasshoppers
and related these differences to diet. Rentz and John
(1990) observed that the mandible and, to a lesser
extent, the maxilla differ at the genus level in
gryllacridids. Bland and Rentz (1991) suggested that
herbivorous species show a predominance of long
lateral denticles in proventriculus when compared with
predator species; the same was observed by Fontanetti
and Zefa (2000) in Gryllus assimilis Fabricius, 1775.

The diet of Endecous, as well as that of most crickets, is
practically unknown. Cave-dwelling Endecous species
are usually found in guano deposits, suggesting that
this is one of the main foods of these insects. The forest
and cerrado species present large amounts of sand
grains and larger organic matter particles compared to
the contents of the proventriculus of cave species.

The species analyzed here are probably omnivorous
and show complex sclerotized appendices, with large
middle and lateral teeth containing a large number of
denticles. This structure provides the insect with an
apparatus with multiple food-breaking functions.

Cave-dwelling species have denticles with more
rounded tips compared with epigean species. This
difference was also observed between E. itatibensis
specimens from caves and from forest populations.

Although no studies are available on the digestive

content of the species analyzed, it is clear that food
available in the forest and in caves differs both in quality
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and texture. In forests, the food probably consists of
more solid particles, while the guano found in the caves
is a fluid food. The authors believe that the small
difference observed in the proventriculus of Endecous
analyzed in the present study, although subtle, may
reflect an adaptation to the variations in diet to which
these populations were submitted in epigean and
hypogean regions. The difference could be from wear
the structures, but all specimens of each population
showed it.
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