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The tropical bush cricket Eneoptera surinamensis (De Geer, 1773) shows a peculiar karyotype with 2n = 9 for males, and
2n = 10 for females, with X1X2Y♂ sex mechanism systems whose origin remains unclear, probably arisen by a two-step
chromosome rearrangements, including an X acrocentric and two pair of autosomal acrocentric chromosomes (Mesa &
Bran 1964; Ferreira & Cella 2006). This sex system contrasts with the less derived X0♂ found in the majority of the
Orthoptera species (White 1973; Hewitt 1979).
Deviations from the Orthoptera X0 sex-system to the neo-XY, and multiple sex system, such as X1X2Y♂ and
X1X20♂ have been arising by different means of X/autosomal translocation or centric fusion (Saez 1963; White 1973;
Mesa et al. 2001), and the ancient autosomal segments undergo a gradual evolutionary heterochromatinization process,
followed by a progressive decrease in homology, becoming asynaptic (Saez & Dias 1958; Saez 1963; Mesa et al. 2001).
According to Mesa et al. (2001), differences between X/autosome chromatin condensation supposedly affect its correct
behavior along meiotic cycle, moreover failure in the sex chromosomes migration to daughter cells may occur in X1X2Y
sex-system, with production of enviable gametes (White 1941; Mesa et al. 2001).
Eneoptera surinamensis have an extensive neotropical distribution (Robillard & Desutter-Grandcolas 2005), and
individuals analyzed from Peru, Bolivia and Brazil (Claus 1956; Mesa & Bran 1964; Piza 1946) show asynaptic sex
chromosomes, as well as some cells with incorrect sex chromosomes orientation along metaphase I to anaphase I (Piza
1946; Claus 1956; Mesa & Bran 1964).
The aim of this work was to expand the geographic sampled area on cytogenetic studies in E. surinamensis including
individuals from Brazilian Amazonian and Atlantic Rainforest, highlighting the sex chromosomes heteropycnosis along
the prophase I, and the chromosomes behavior during the metaphase I to telophase I.
We analyzed three adult males of E. surinamensis collected on shrubs and leaf litter at Amazonian Rainforest
"Reserva Florestal Adolfo Ducke", municipality of Manaus, state of Amazonas, Brazil (08/11/2010), three at Brazilian
Atlantic Forest "Parque Nacional de Monte Pascoal", municipality of Itamaraju, states of Bahia (15/07/2012) and six at
Brazilian Atlantic Forest "Reserva Biológica de Duas Bocas", municipality of Cariacica, state of Espirito Santo (21/07/
2012). Taxonomic determination was confirmed by examining the morphology of the phallic sclerites (Robillard &
Desutter-Grandcolas 2005) and the calling song parameters, according to Miyoshi et al. (2007).
Cytological preparations were obtained from testes dipped into a hypotonic solution of sodium citrate (0.075M) for
5–10 min prior to fixation in Carnoy I (3 ethanol: 1 acetic acid). After at least one hour in the fixative, the cells were
macerated in 45% acetic acid and squashed in a drop of 0.5% lacto-acetic orcein. We prepared ten cytological slides per
individual with three to four testicular follicles per slide, and all meiotic phases were registered and photographed under
a microscope Zeiss Lab.A1, and Axio Cam ERc5s.
The leptotene shows a densely stained block representing the sex chromosome X1 (Fig. 1). From zygotene to initial
diplotene, X1 and Y chromosomes become individually visible in positive heteropyknosis (Figs 2–5). In these phases, the
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In the first event present in all specimens examined, and also reported by Claus (1956) with individuals from
municipality of Itatiba, SP, Brazil, the sex chromosomes X1 and/or X2 and/or Y positioned on the metaphase plate would
be related to third event, moreover the amphitelic orientation of these chromosomes at the plate would precedes a
subsequent equational division, as fairly well documented in X and B chromosomes of some species of Orthoptera (Mesa
1964; 1984; Mesa & Goñi 1987). It implies in the centromere disruption followed by a sister chromatids migration to
opposite poles. When it occur in an X1X2Y sex system, the sister chromatids disjunction in meiosis I will results in
potentially unviable gametes, with absence and/or duplication of one of the sex chromosomes, or none of them. We do
not found intermediate phases between described events, since is rare found cells exactly at these stages.
The anaphase bridges found in individuals of E. surinamensis here analyzed were poorly documented in Orthoptera,
being reported in tetrigids Tetrix tenuicornis (Sahlberg, 1891) from heavy metal polluted areas (Warchalowska-Sliwa et
al. 2005). Generally, the anaphase bridges arises from chromosomal breaks and rejoining in inverted order, or telomere to
telomere end fusions; or else as consequence of a fixed chromosome paracentric inversion at population (Krimbas &
Powell 1992). In essence, the bivalent of a paracentric inversion in heterozygosis result in an inversion loop, and a
recombination event within the loop results in dicentric chromatids stretched between the two daughter nuclei. This kind
of chromosomal rearrangement is particularly interesting as creating postzygotic barriers between populations as it
reduce the fecundity of heterokaryotypes (for review see Kirkpatrick & Barton 2006).
Meiotic configuration on E. surinamensis germ cells, such as incorrect distribution of the sex chromosomes along
the first meiotic division (Piza 1946; Claus 1956; Mesa & Bran 1964), is also common at X1X2Y sex system of some
species of Mantodea (White 1941; 1951), as well as in the acridid Ronderosia bergii (Stål, 1878) with neo-XY (Mesa
1962). This event added to our observations here described, such as the delay in the sex chromosomes migration along
anaphase I/telophase I, as well as chromatin bridges may point out to production of unviable gametes, being related to
low fertility. On the other hand, E. surinamensis seems to be well successful with wide geographical distribution (Eades
et al. 2014) and high population density. Further studies are needed to relate the molecular rearrangement of chromatin
on X/autosomes arranged chromosomes with meiotic anomalies in Orthoptera, as postulated by Mesa et al. (2001), as
well as the relevance of these meiotic events in the reproductive success of the species.
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