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ABSTRACT. The order Thysanoptera is composed of cosmopolitan
phytophagous and predaceous insects with diverse life histories, behaviors
and habits. This order is currently thought to form a trichotomy with
Hemiptera and Psocodea; Hemiptera and Thysanoptera are considered
to be sister groups. The interrelationships within Thysanoptera remain
unclear and cytotaxonomic studies are scarce in thrips. We report, for the
first time, chromosomal data on seven species of thrips collected from
a semi-arid region in the States of Bahia and Pernambuco (Northeast
Brazil). A distinctive chromosomal pattern was observed in Thysanoptera
when compared to other members within the infraclass Paraneoptera.
Considerable karyotypic differences were also found within genera and
species of Thysanoptera. Based on these data, we suggest that Paraneoptera
forms a polyphyletic group and that Terebrantia and Tubulifera should be
regarded as sister groups. The high chromosomal variability observed in
Thysanoptera indicates that chromosomal rearrangements have played a
key role in their speciation pathways.
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INTRODUCTION

The order Thysanoptera mainly comprises phytophagous and tiny insects (0.5 to 15
mm in length) of elongated body that feed on fungi and leaves, which are popularly known as
thrips (Mound and Marullo, 1996; Mound, 2005). They are cosmopolitan and show distinct
behaviors and life histories, ranging from solitary to subsocial to eusocial forms (Mound and
Kibby, 1998; Chapman et al., 2000; Kumm, 2002).

The thrips comprise a monophyletic group easily recognized by the winged adult
form, which has narrow wings, with reduced venation and a fringed border (Grimaldi et al.,
2004). According to Moritz et al. (2001), the order Thysanoptera is composed of nine families,
eight of them belonging to the suborder Terebrantia (Uzelothripidae, Merothripidae, Aeolo-
thripidae, Melanthripidae, Adiheterothripidae, Fauriellidae, Heterothripidae, and Thripidae)
and a single family (Phlaeothripidae) in the suborder Tubulifera.

It is currently thought that Thysanoptera is part of an unresolved trichotomy with He-
miptera and Psocodea (Psocoptera + Phthiraptera) (Kristensen, 1991). However, Yoshizawa
and Saigusa (2001) suggested that Hemiptera and Thysanoptera could be referred to as sister
groups, and, together, they would comprise a sister group to Psocodea.

The relationships within the order Thysanoptera also remain unclear. The families
in the suborder Terebrantia show a more or less progressive series of plesiomorphic forms
coupled with derived traits, whereas the members of the single family in Tubulifera lack any
plesiomorphic character (Mound and Motris, 2004). Recent molecular data derived from 18S
rDNA analysis support some aspects of the existing classification, but far more resolution is
still required (Mound and Morris, 2007).

Cytogenetic studies in thrips are scarce. So far, only the chromosome number of no
more than 10 species is available (Risler and Kempter, 1961). In the present study, we report,
for the first time, the cytogenetic data for seven species of Thysanoptera in order to provide
inferences about the relationships within this insect group.

MATERIAL AND METHODS

Seven species of Thysanoptera from both suborders were analyzed. Immature indi-
viduals were used to obtain mitotic chromosomes. They were collected from crops and orna-
mental plants or flowers in several cities in the States of Bahia and Pernambuco (Northeast
Brazil) (Table 1, Figure 1).

Metaphase chromosomes were obtained following the technique described by Imai
et al. (1988), using the ganglia of immature animals. The anterior portions of the 2nd-instar

Table 1. Species of thrips studied.

Suborder Family Species Collection site (city, state, host plant)
Terebrantia Thripidae Selenothrips rubrocinctus (Giard, 1901) Salvador (BA), Terminalia catappa
Retithrips syriacus (Mayet, 1890) Pertolina (PE), Vitris vinifera
Frankliniella schultzei (Trybom, 1910) Maracas (BA), Gladiolus sp
Frankliniella insularis (Franklin, 1908) Jequié¢ (BA), Musa paradisiaca
Tubulifera Phlaeothripidae Gynaikothrips uzeli (Zimmerman, 1900) Jequi¢ (BA), Jaguaquara (BA), Ficus benjamina
Gynaikothrips ficorum (Marshal, 1908) Jequié (BA), Ficus retusa
Liothrips sp (Uzel, 1895) Jequi¢ (BA), Psidium guajava
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Figure 1. Map of Bahia State, Brazil, showing the collection sites.

larvae (head and the 1st thoracical segment), prior to fixation, were immersed in hypotonic
colchicine-citrate solution (0.1%), for a variable time according to each species.

A minimum of five metaphases per slide of 35 individuals of each species were ana-
lyzed. The chromosomal morphology was determined according to Levan et al. (1964), based
on centromere position (M = metacentric; Sm = submetacentric; A = acrocentric, and T = telo-
centric). The best metaphases (100X enlarged) were photographed under a Leica DMLS light
microscope using Imagelink ISO 25 (Kodak) film for karyotype arrangement.

RESULTS

Suborder Terebrantia - Family Thripidae

Selenothrips rubrocinctus displayed a symmetric karyotype with 2n = 36 small chro-
mosomes for females and n = 18 for males (Figure 2A and B, respectively). The karyotype
formula is 2n = 6M + 22Sm + 8A.

Frankliniella schultzei showed a complement of 2n = 34 for females and n = 17 for
males (Figure 2C and D, respectively). The karyotype is bimodal with 16 small submetacen-
tric chromosome pairs and a single large acrocentric pair (2n = 32Sm + 2A).

Retithrips syriacus showed 2n = 38 for females. Male individuals had not been sam-
pled. The diploid karyotype formula is 2n = 12M + 16A + 10T (Figure 2E).

Frankliniella insularis showed a chromosome number of 2n = 28 for the individuals
analyzed (all females). The karyotype formula in this species could not be precisely defined
(Figure 2F).
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Figure 2. Karyotype of species of Thripidae studied and mitotic metaphase of Frankliniella insularis. A.
Selenothrips rubrocinctus (female); B. S. rubrocinctus (male); C. F. schultzei (female); D. F. schultzei (male);
E. Retithrips syriacus (female); F. F. insularis. M = metacentric; Sm = submetacentric; A = acrocentric; T =
telocentric. Bar =5 pm.

Suborder Tubulifera - Family Phlaeothripidae

Liothrips sp showed 2n = 24 for females and n = 12 for males. The diploid karyotype
is symmetric, with a formula of 2n = 12M + 8Sm + 4A (Figure 3A and B). The 11th chromo-
some pair commonly showed secondary constrictions.

Two cytotypes were found in Gynaikothrips uzeli, so-called A and B, regarding two
distinct localities in the State of Bahia; Jequié¢ and Jaguaquara, respectively. In cytotype A,
the chromosome number is 2n = 26 for females and n = 13 for males (Figure 3C and D). The
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Figure 3. Karyotype of species of Phlacothripidae studied. A. Liothrips sp (female); B. Liothrips sp
(male); C. Gynaikothrips uzeli, cytotype A (female); D. G. uzeli, cytotype A (male); E. G. uzeli, cytotype B
(female); F. G. uzeli, cytotype B (male); G. G. ficorum (female). M = metacentric; Sm = submetacentric; A
= acrocentric; T = telocentric. Bar =5 um.

karyotype is symmetric with a formula of 2n = 8M + 16Sm + 2A. The 13th chromosome pair
commonly showed secondary constrictions.

The chromosome number in cytotype B is 2n = 30 chromosomes for females and n = 15
for males (Figure 3E and F). The karyotype is composed of four metacentric pairs, the first being
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larger than the others, plus ten pairs of submetacentric chromosomes, comprising a larger pair,
nine pairs of similar size and a single pair of acrocentric chromosomes (2n = 8M + 20Sm + 2A).

Gynaikothrips ficorum revealed a chromosome complement of 2n = 30 for females
(Figure 3G). The karyotype is symmetric with a formula of 2n =8M + 14Sm + 2A + 6T. Males
were not analyzed.

DISCUSSION

To date, cytogenetic data are available for 17 species of thrips, including the present results
(Table 2). This number represents less than 0.5% of the Thysanoptera species described so far.

Table 2. Haploid number (n) in thrips.

Taxon n Reference
Tubulifera
Phlaeothripidae

Gynaikothrips ficorum n=15 Present study
Gynaikothrips uzeli n=13/15 Present study
Liothrips sp n=12 Present study
Haplothrips tritici n=10 Bournier (1956)
Haplothrips statices n=15 Risler and Kempter (1961)
Neoheegeri verbasci n=12 Bournier (1956)

Terebrantia

Thripidae

Aptinothrips rutua n=50/53 Prussard-Radulesco (1930)
Frankliniella schultzei n=17 Present study
Frankliniella insularis n=14 Present study
Heliothrips haemorrhoidalis n=16 Pomeyrol (1929)
Heliothrips haemorrhoidalis n=26/28 Prussard-Radulesco (1930)
Heliothrips haemorhroidalis n=21 Bournier (1956)
Limothrips dentricornis n=19 Bournier (1956)
Parthenothrips dracaenae n=15 Prussard-Radulesco (1930)
Retithrips syriacus n=19 Present study
Selenothrips rubrocinctus n=18 Present study
Sericothrips staphilinua n=14 Bournier (1956)
Taeniothrips iconsequene n=18/20 Prussard-Radulesco (1930)
Taeniothrips iconsequene n=16 Prussard-Radulesco (1930)
Taeniothrips simplex n=10 Bournier (1956)

Based on morphological traits, Thysanoptera is thought to be closely related to the
orders Hemiptera, Psocoptera and Phthiraptera, comprising the infraclass Paraneoptera (Kris-
tensen, 1991). However, from a cytogenetic point of view, these groups are quite distinguish-
able. Hemipterans, Psocoptera and Phthiraptera are characterized by the presence of holocen-
tric chromosomes and sex chromosome systems (Tombesi et al., 1999; Golub et al., 2004;
Golub and Nokkala, 2004; Rebagliati et al., 2005).

On the other hand, all thysanopterans evaluated so far show monocentric chromo-
somes and lack visible sex chromosomes. Moreover, it should be pointed out that arrhe-
notokous parthenogenesis is observed among thysanopterans.

Such chromosomal differentiation, coupled with some morphological features, sug-
gest that the orders from the infraclass Paraneoptera comprise a polyphyletic group. These
results reinforce the necessity of a major review about the phylogenetic position of Thysanop-
tera within hemipteroids.

The relationships between both Thysanoptera suborders are also controversial as dem-
onstrated by morphological and molecular studies (Mound and Morris, 2007). Bhatti (1994)
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proposed that Thysanoptera should be regarded as a superorder, while Terebrantia and Tubu-
lifera would actually reach an order status. However, this suggestion has been refuted by some
authors, since the synapomorphies present in the buccal apparatus and tarsum would represent
strong evidence of a single evolutionary lineage (Mound and Morris, 2004). Moreover, Mound
et al. (1980) proposed two hypotheses about the interrelationships between the two suborders:
Terebrantia and Tubulifera would be sister groups or else Tubulifera would be a sister group
of the family Thripidae within Terebrantia. A data set based on nearly 600 bp of 18S rDNA
from 52 Thysanoptera, representing seven of nine families, although producing a first good
approximation of thysanopteran phylogeny, was not sufficiently robust to test the hypothesis
of relationships within the order (Morris and Mound, 2003; Mound and Morris, 2007).

The available cytogenetic reports show that Terebrantia species usually display higher
chromosome numbers than Tubulifera. The haploid chromosome number in Tubulifera spe-
cies ranges from 10 to 15, while four distinct chromosome numbers are reported in a single
species of Terebrantia, Heliothrips haemorrhoidalis (see Table 2). A remarkably high n value
(53 chromosomes) was reported in Aptinothrips rutua (Prussard-Radulesco, 1930), although
such unusual result can be related to methodological constraints of that time and/or to the tis-
sue/organ used in the cytogenetic preparation. Additionally, the Terebrantia representatives
showed small-sized chromosomes when compared to Tubulifera. These data indicate that sev-
eral chromosomal rearrangements seem to have taken place during the karyoevolutionary his-
tory of Terebrantia species, mainly driven by centric fissions/fusions.

Therefore, the chromosomal structure reported in Thysanoptera species supports the
phylogenetic hypothesis that view Terebrantia and Tubulifera as distinct suborders, since
members from both groups show clear chromosomal differences.

The present results are in accordance with the minimum interaction theory proposed
by Imai et al. (1986), suggested as a common model of karyotypic evolution for eukaryotes.
Based on this theory, the increase in chromosome numbers during the evolutionary process
would act as an adaptive mechanism by reducing the risks of deleterious chromosomal re-
combination within the genome. This process would result in a higher chromosome number
coupled with reduction of chromosome size.

Furthermore, the karyotypic studies carried out in thrips show a great variation in both
number and morphology of chromosomes, including family, genus and species levels (Table
2). For instance, both species studied in the genus Frankliniella (Terebrantia) revealed numeri-
cal and structural chromosomal differences. Remarkably, within Tubulifera, a single species,
G. uzeli, displayed variable karyotypes, characterizing two cytotypes, named A and B with n =
13 and n = 15, respectively. The species of the genus Gynaikothrips studied here constitute an
interesting material, since they represent a group where there is a true co-evolutionary associa-
tion with their plant hosts. Mound (1994) suggests that the thrips species associated with Ficus
would be the same and that their morphological variation would result from intraspecific varia-
tion and G. uzeli and G. ficorum would thereby be synonyms. Thus, these authors proposed that
the criterion used to distinguish the two species (the size of posteroangular and epimeral setae)
would reflect differences in the hosts and latitude of populations.

Nonetheless, the cytogenetic data support the species status for G. uzeli and G. fico-
rum, inasmuch as cytotype A of G. uzeli differs from G. ficorum in relation to both chromo-
some number and morphology, while cytotype B, although sharing a similar chromosome
number with G. ficorum, shows differences related to the number of submetacentric chromo-
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somes and to the absence of telocentric types. The similarity between G. ficorum karyotype
and cytotype B of G. uzeli indicates the occurrence of pericentric inversions as the main rear-
rangement. The greater karyotypic resemblance between G. uzeli (cytotype B) and G. ficorum
than between the two cytotypes indicates a remarkable level of intraspecific differentiation,
possibly related to the environmental features of each cytotype - the samples in Jequié (cyto-
type A) are under a strict semi-arid climate, whereas Jaguaquara (cytotype B) is characterized
by lower temperatures and more humid weather.

Another alternative hypothesis to explain this variation in G. uzeli is that both cyto-
types may be derived from cytogenetically distinct populations within their original range in
Southeast Asia, including Taiwan, China and India (Ananthakrishnan, 1978; Mound et al.,
1995; Mound and Marullo, 1996). In this case, the interpopulation difference would be prior
to the introduction of G. uzeli in Brazil.

Although clear morphological differences are absent, the cytogenetic results show
that not only may G. ficorum and G. uzeli be regarded as distinct species, but that the variation
observed in G. uzeli could putatively represent a species complex as well.

In spite of all advances related to molecular genetics, cytogenetic studies still stand
out as an efficient tool for systematic approaches (cytotaxonomy) in several animal groups,
where they are helpful in the discrimination of morphologically similar species (cryptic spe-
cies), since the karyotype itself represents a trait resistant to environmental, behavioral or
physiological influences (White, 1973; Sumner, 2003). Therefore, chromosomal alterations
are usually significant in the evolutionary process of a species (Gibson, 1984).

The remarkable karyotypic variability observed in thysanopterans could be useful
for taxonomic studies in this group, since the phenotypic variation is usually reduced and
morphological traits seem to be poorly informative. The cytogenetic data may therefore help
us understand the karyotypic evolution and the phylogenetic relationships within this group,
whether at the order, suborder or family level. Although reduced, the available data indicate
that chromosomal rearrangements such as centric fusion/fissions and inversions have played
a major role in the speciation process of this insect group, probably reflecting the distinct life
histories of its members. The association between karyotypic changes and species natural his-
tory can elucidate important aspects related to the ecology and evolution of social behavior in
haplo-diploid species.

Further studies based on more refined techniques and comprising a larger number of
families and species may contribute significantly to the comprehension of the mechanisms
involved in the karyoevolution, systematics and phylogeny of thysanopterans.
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