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cused on chromosomal races of the obligatory parthenoge-
netic species Pycnoscelus surinamensis (Linnaeus, 1758) 
and its bisexual ancestor Pycnoscelus indicus (Fabricius, 
1775) (Matthey, 1945, 1948; Roth, 1967; Roth & Cohen, 
1968) and the description of chromosome numbers and 
spermatogenesis in other species of cockroaches (Piza, 
1958). Signifi cant attention was also given to chromosom-
al mutations resulting in formation of autosomal multiva-
lents in Periplaneta americana (Linnaeus, 1758) (Lewis & 
John, 1957; John & Lewis, 1958; John & Qijraishi, 1964), 
Blaberus discoidalis Serville, 1838 (John & Lewis, 1959) 
and Blattella germanica (Linnaeus, 1767) (Cochran & 
Ross, 1961, 1967, 1969, 1977a, b; Ross & Cochran, 1971, 
1975, 1976, 1977, 1979, 1981). Moreover, Cohen  & Roth 
(1970) presented chromosome counts for 84 species with 
approximate descriptions of chromosome morphology, 
an enormous contribution to cockroach cytogenetics. The 
last synthesis of cockroach cytogenetics, done by White 
(1976), summarized most of the above-mentioned data. 

The long-lasting debate on phylogenetic relationships 
between cockroaches and termites has been largely settled 
by studies providing strong support for termites as a highly 
derived group of “eusocial cockroaches” with sister affi lia-
tion to wood-feeding cockroaches of the family Cryptocer-
cidae (Lo et al., 2000; Inward et al., 2007). The new per-
spective led to a wave of cytogenetic research focused on 
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Abstract. We present an open (publicly available) and updatable database of the karyotypes of Blattodea which is available 
at http://web.natur.cuni.cz/zoologie/arthropods/blattodeadatabase/index.html. This database currently contains data on chromo-
some numbers and sex chromosome systems for 355 (209 cockroaches and 146 termites) cytogenetically and/or geographically 
distinct populations of 229 species (138 cockroaches and 91 termites). When available, data on chromosome morphology and 
fundamental number are also included. As this summary of the data on Blattodea cytogenetics follows current taxonomy and phy-
logeny it enabled us to discuss hypotheses on karyotype evolution. We also point out some cytogenetically interesting phenomena 
such as extensive karyotype differentiation at low taxonomic levels in some lineages and the change from the X0 sex chromosome 
system, which is present in cockroaches, to systems with multiple neo-sex chromosomes, present in termites. We encourage the 
use of modern cytogenetic methods in research on Blattodea cytogenetics to uncover more detailed mechanisms of karyotype 
evolution in this insect order. We also provide a brief summary of the history of cytogenetic research in Blattodea.

INTRODUCTION

Blattodea is the second largest polyneopteran (Neo-
ptera, Insecta) order comprising approximately 7600 spe-
cies, of which 4600 are cockroaches and 3000 are termites 
(Krishna et al., 2013; Beccaloni, 2014). They are morpho-
logically very variable and exhibit a great diversity of life-
histories, including the evolution of eusociality in termites 
(Bell et al., 2007; Bignell et al., 2011). In addition, synan-
thropic cockroaches and termites, as ecosystem engineers, 
have an incalculable global ecological and economic effect 
(Bell et al., 2007; Bignell et al., 2011). Based on the cur-
rent state of knowledge, Blattodea also exhibit remarkable 
cytogenetic diversity in chromosome numbers and mor-
phology, sometimes even between closely related lineages. 
Moreover, there is great variability in the sex chromosome 
systems (SCSs) in termite lineages, ranging from X0 and 
XY systems to X(1-9)Y(1-8) in Kalotermes approximatus 
Snyder, 1920 or X(1-9)Y(1-7) arranged in two permanent 
multivalents in males of Neotermes fulvescens (Silvestri, 
1901) (Syren & Luykx, 1981; Luykx, 1990; Martins & 
Mesa, 1995).

The early cytogenetic research on cockroaches (non-ter-
mite Blattodea) includes works of Stevens (1905), Morse 
(1909), Wassilieff (1907) and Suomalainen (1946). Their 
studies describing the process of gametogenesis revealed 
the presence of the XX/X0 SCS. Subsequent research fo-
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accessed 6th May 2021). Furthermore, instead of citing the 
original publications of karyotype descriptions, White’s re-
view is most often provided as a single source for most re-
cords. The database of Sylvester et al. (2020) also does not 
differentiate between hypothesized data and those which 
were directly observed (e.g. chromosome numbers were 
observed only in one sex and the number in the other sex 
is only the “expected” number). For example, this could 
result in an over simplifi ed view of Blattodea SCSs since 
the X0 system is only “expected” in the many species, 
where a male karyotype was not observed. Also, this data-
base omits important taxonomical changes and details con-
cerning the current knowledge on this group. For example, 
genus Cryptocercus is either ranked as Polyphagidae or 
Blattidae, but belongs to the family Cryptocercidae (Bec-
caloni, 2014). Considering the limitations of Polyneoptera 
Karyotype Database, we decided to create a new publicly 
available and updatable database of Blattodea karyotypes, 
which (1) includes data from the original papers and (2) 
follows the currently accepted taxonomy for the group. 
This enables us to explore evolutionary trends between 
phylogenetic lineages and suggest interesting directions 
for future research.

MATERIALS AND METHODS
This Blattodea Karyotype Database includes information on 

chromosome number, SCSs, chromosome morphology and num-
ber of chromosome arms (“nombre fundamental” – NF) in cock-
roaches and termites. The data were gathered exclusively from 
original descriptions of karyotypes, despite some of them having 
been already summarized in White’s (1976) review. Additional 
research articles including data on Blattodea cytogenetics were 
searched for on Google Scholar and Web of Science using “cock-
roach chromosome”, “cockroach karyotype”, “termite chromo-
some” and “termite karyotype” as keywords. Species names 
and their assignment to higher taxa were updated according to 
the current state of knowledge. We followed the taxonomy of 
the Cockroach Species File (Beccaloni, 2014) and the revision 
of Evangelista et al. (2020) for cockroaches and the Treatise on 
the Isoptera of the World (Krishna et al., 2013) for termites. In 
very rare cases karyotypes were recorded before the species was 
identifi ed. Thus, species identifi cation had to be searched for in 
later descriptions or taxonomic revisions. For example, Cohen 
& Roth (1970) report chromosome numbers of “undetermined 
genus (41B)” of the cockroach subfamily Zetoborinae, which was 
described as a new genus and species Schultesia lampyridiformis 
three years later (Roth, 1973). If the name of a karyotyped spe-
cies differed from the currently valid name, or if it was identifi ed 
later, we provide the name used in the publication of the origi-
nal karyotype description in the section “Cited as”. Comments 
on the possible erroneous identifi cation of karyotyped material 
or its re-description are included in the “Notes” section in the da-
tabase. Since chromosome morphology was not studied in detail 
in many of the original publications, we determined the morphol-
ogy formulas for those species where karyotype pictures were of 
satisfactory quality. The morphometric measurements were done 
in ImageJ software using Levan plugin (Sakamoto & Zacaro, 
2009) and following the nomenclature established by Levan et al. 
(1964). However, some authors studying the cytogenetics of Blat-
todea did not follow the standardized nomenclature for chromo-
somal morphology. They frequently pooled metacentric (M) and 
submetacentric (SM) chromosomes into a single category of two-

this family. An extensive karyotyping of this lineage was 
initiated using species of the North American Cryptocercus 
(Luykx, 1983; Nalepa et al., 2002, 2017), in which chro-
mosome fusions are thought to have had an important role 
in karyotype evolution (Nalepa et al., 2002). Chromosome 
fusions and fi ssions, also seem to be the main mechanisms 
of karyotype evolution in Asian species of Cryptocercus 
(Wang et al., 2019). Furthermore, recently described spe-
cies of Cryptocercus from China are supported by their dif-
ferent diploid chromosome numbers (Che et al., 2016; Bai 
et al., 2018; Wang et al., 2019).

In his monograph, White (1976) also reviewed the state 
of knowledge of termite cytogenetics at that time. He drew 
mainly from the pioneering works on termite cytogenet-
ics by Stevens (1905), Benkert (1930a, b, 1933), Light 
(1938, 1942) and Banerjee (1957, 1961). They describe 
spermatogenesis in several species and uncovered the dip-
loid character of the male chromosome complements. This 
is in sharp contrast to the haplo-diploid system known at 
that time in other eusocial insects (Hamilton, 1964). Al-
though White (1976) states that nothing is known about 
sex chromosomes in termites, Vincke (1974) proposes an 
X0/XX SCS for “lower termites” in his earlier work. In 
addition to that, Vincke (1974) reports a ring tetravalent 
in male karyotypes of several species of “higher termites”, 
hypothesising that the chromosomes forming this structure 
are probably sex chromosomes. In contrast to the situation 
with cockroaches, intensive work on termite cytogenetics 
was carried out after White’s (1976) review. Importantly, 
it was confi rmed that male specifi c multivalents consisted 
of neo-sex chromosomes resulting from multiple recipro-
cal interchanges and, in some cases, chromosome fusions 
(Syren & Luykx, 1977, 1981; Fontana, 1980, 1982; Luykx, 
1990; Martins & Mesa, 1995). The role of these multiva-
lents in termite eusociality or its dynamics and fi xation in 
termite populations were hotly debated topics (Lacy, 1980, 
1984; Leinaas, 1983; Crozier & Luykx, 1985; Rowell, 
1986; Bedo, 1987; Charlesworth et al., 1987; Luykx, 1990; 
Fontana, 1991; Charlesworth & Wall, 1999; Husseneder et 
al., 1999).

The overall increase in the amount of data on chromo-
some numbers, chromosomal sex determination systems 
and radical changes in the phylogenetic relationships with-
in Blattodea since White‘s review call for the establishment 
of a new synthesis of Blattodea cytogenetics. A continually 
updated online database available to all researchers would 
be especially benefi cial. One such database, including data 
on chromosome numbers and SCSs of Blattodea was re-
cently presented in a study focused on karyotype evolution 
in Polyneoptera (Sylvester et al., 2020) and this dataset is 
also included in Tree of Sex Database (The Tree of Sex 
Consortium, 2014). This study evaluated ancestral states 
of chromosome numbers and SCSs for orders of Polyneop-
tera together with rates of chromosome fusions, fi ssions 
and polyploidy. Unfortunately, a number of the records 
of Blattodea karyotypes are missing in the dataset of that 
study. Notably, only two citations, White (1976) and Ber-
gamaschi et al. (2007), are provided for cockroaches (last 
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armed chromosomes, and subtelocentric (ST) and telocentric (T) 
chromosomes into a single category of one-armed chromosomes 
(using the term “acrocentric”). We keep such records in our da-
tabase as they were originally published. In order to compare the 
NF and chromosome morphology measurements obtained by us 
with the data from publications using alternate nomenclature sys-
tems, we also treat the subtelocentric chromosomes as one-armed, 
even though it might be inconsistent with cytogenetic research 
in other animal taxa (e.g. Glugoski et al., 2020). The NF is pre-
sented in diploid chromosome number for both females [NF (f)] 
and males [NF (m)] and was counted as number of chromosomes 
in the karyotype plus the number of two-armed chromosomes. 
Meanings of the symbols used to provide a better orientation in 
the database are summarized in Table 1. The data on chromosome 
numbers, NF and SCSs in particular families of Blattodea were 
mapped on the phylogeny following Bourguignon et al. (2015) 
and Evangelista et al. (2019, 2020) (Fig. 1). 

RESULTS AND DISCUSSION

Our online Blattodea Karyotype Database is available at 
http://web.natur.cuni.cz/zoologie/arthropods/blattodeada-
tabase/index.html. It currently comprises records for 355 
(209 cockroaches and 146 termites) cytogenetically and/or 
geographically distinct populations of 229 species of Blat-
todea (138 cockroaches and 91 termites).

Cockroaches
The greatest range of chromosome numbers in cock-

roaches is recorded in the family Blaberidae (2n♂ = 23–79, 
Fig. 1), with subfamilies Blaberinae (2n♂ = 31–73), Oxy-
haloinae (2n♀ = 24–76) and Zetoborinae (2n♀ = 30–66) 
the most variable. The widest range in chromosome diploid 
numbers in the subfamily Blaberinae is found within the 
species-rich genus Blaberus (2n♂: 37, 39, 73). In the Afri-
can subfamily Oxyhaloinae, the major difference in chro-

Fig. 1. Cladogram illustrating evolutionary relationships between the cytogenetically studied families of Blattodea following Bourguignon 
et al. (2015) and Evangelista et al. (2019, 2020). 2n – male diploid chromosome numbers of all the populations studied are in the form of 
boxplots with highlighted mean and median number; NF – female number of major chromosome arms in form of boxplots with highlighted 
mean and median number; N – total number and percentage of species with known male diploid chromosome number; ND – nondifferenti-
ated sex chromosomes; SCS – sex chromosome system; ? – data need confi rmation by wider sampling.

Table 1. List of symbols used in the Blattodea karyotype database.

Symbol Meaning
? Data assumed by the authors of original publication
* Our assumption based on the most probable state of characters supported by information from other publications
“ Our morphology measurements and NF calculations
# Only bivalents present at metaphase I
♂C Chain of sex chromosomes present at male metaphase I (followed by number of participating chromosomes)
♂R Ring of sex chromosomes present at male metaphase I (followed by number of participating chromosomes)

http://web.natur.cuni.cz/zoologie/arthropods/blattodeadatabase/index.html
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mosome numbers is between continental (2n♀ = 24, 38) 
and Madagascan (2n♀ = 64, 76) representatives. Species in 
the subfamilies Panesthiinae and Geoscapheinae were re-
cently shown to form a monophyletic group, since species 
of Geoscapheinae are nested within Panesthiinae (Lo et al., 
2016; Djernæs et al., 2020). This Panesthiinae sensu lato 
(Djernæs et al., 2020) clade exhibits another example of a 
great difference in chromosome numbers and also the high-
est known chromosome number recorded for cockroaches 
(2n♂ = 37, 79). Other families, which manifest relatively 
wide ranges in chromosome numbers include Corydiidae 
(2n♂ = 22–63), Blattidae (2n♂ = 27–47) and Blattellidae 
(2n♂ = 23–49) (Fig. 1). In contrast, families Pseudophyl-
lodromiidae (2n♀ = 16–32), Ectobiidae (2n♂ = 21) and 
Lamproblattidae (2n♂ = 17) seem to have relatively low 
chromosome numbers, although only a very small propor-
tion of their diversity was karyotyped (Fig. 1). No species 
of the families Anaplectidae, Nocticolidae, Nyctiboridae 
and Tryonicidae have been karyotyped. Lastly, the mono-
typic family Cryptocercidae, with 33 species karyotyped, 
is now cytogenetically the best-characterized cockroach 
group. A wide range of chromosome numbers is recorded 
for the whole Cryptocercus genus: it ranges from 2n♂ = 
37 to 2n♂ = 47 in North American species and from 2n♂ 
= 15 to 2n♂ = 45 in Asian species (Luykx, 1983; Nalepa 
et al., 2002, 2017; Lo et al., 2006; Che et al., 2016; Bai 
et al., 2018; Wang et al., 2019). It is suggested that serial 
chromosomal fusions resulted in the karyotypes of North 
American Cryptocercus populations (Burnside et al., 1999; 
Lo et al., 2006, but see Clark et al., 2001), but the exact 
chromosomal rearrangements producing the karyotype 
variability in Asian Cryptocercus species remain unknown. 
Our fi ndings are consistent with the results of Sylvester et 
al. (2020), in which the Blattodea is the most variable Poly-
neoptera order in terms of chromosome numbers and high 
rates of chromosomal fi ssions and fusions.

Despite the fact that numerous cockroach karyotypes are 
described, detailed information on chromosome morphol-
ogy and/or NF is mostly missing in the literature. We were 
only able to add the precise measurements of chromosomes 
and NF for a relatively small proportion of species due to 
the poor quality of metaphase pictures. We were also un-
able to measure the data for both sexes in most of the spe-
cies, since the photographic material usually included only 
the karyotype of one sex (mostly females). As a result, the 
information on chromosome morphology and NF is scarce 
and unequally distributed among cockroach families. 
Nonetheless, Blaberidae subfamilies Oxyhaloinae (NF = 
46, 72, 94), Pycnoscelinae (NF = 66–106) and Zetoborinae 
(NF = 68, 110) are obviously very variable in their chromo-
some morphology and NF. Roth & Cohen (1968) studied 
the cytogenetically polymorphic Pycnoscelus indicus and 
P. surinamensis complex. They hypothesized that the high 
variation in the karyotype of the parthenogenetic species 
P. surinamensis, which apparently arose from the bisexual 
P. indicus, is a consequence of polyploidization and/or the 
possible polyphyletic character of the species. Indeed, evi-
dence indicates that polyploid species are predominantly 

asexual in insects (Otto & Whitton, 2000). Although NF 
of Oxyhaloinae and Zetoborinae strongly differ between 
the species studied, polyploidization does not seem to be a 
plausible explanation as numbers of chromosomes in par-
ticular morphological categories are disproportionally dis-
tributed between species with high and low chromosome 
numbers. Centric fi ssions/fusions or Robertsonian translo-
cations (RT) seem to be much more plausible explanations, 
since species with high chromosome numbers have rela-
tively more telocentric and subtelocentric chromosomes. 
To better understand mechanisms involved in the karyo-
type evolution of closely related species, data on genome 
size should be recorded in future studies. Also, defi nite 
conclusions cannot be drawn if the phylogenetic relation-
ships of the focal group are unknown.

The only known SCS in cockroaches is X0. However, 
it is important to note that an X0 system is only assumed 
for many cockroach species since the chromosome num-
bers for both sexes are not always available (2n♂ is not 
confi rmed in 45% of the cytogenetically studied cockroach 
species). The only known potential exception to this SCS 
in cockroaches is the genus Latindia (Corydiidae: Latin-
diinae) where the male diploid chromosome number is 
22 and an XY system is expected. However, the authors 
themselves note that these counts must be confi rmed by 
further studies (Cohen & Roth, 1970). Because the X chro-
mosome is metace ntric in most cockroaches, White (1976) 
hypothesized that it is unavailable for centric fusions, and 
thus the origin of neo-XY SCS by direct fusion between 
original X and an autosome is not possible. Although we 
do not know any case of  the occurrence of neo-XY SCS in 
cockroaches, its existence cannot be excluded since a neo-
SCS could be derived by reciprocal translocation between 
an X chromosome and an autosome, which is the process 
by which an X1X2Y SCS arose from X0 SCS in Mantodea 
(White, 1976).

Termites
The highest numbers of chromosomes reported in ter-

mites, and also the whole Blattodea, are present in Mas-
totermitidae (2n♂ = 96, 98) (Bedo, 1987; Luykx, 1990; 
Luykx et al., 1990; Bergamaschi et al., 2007), a family 
with a single extant species, Mastotermes darwiniensis 
Froggatt, 1897, which is a sister lineage to all other ter-
mites (Bourguignon et al., 2015; Bucek et al., 2019). De-
spite its position in termite phylogeny, the very high num-
ber of chromosomes in the Mastotermes karyotype is so 
unique that it cannot be automatically assumed to be an 
ancestral state (Luykx, 1990). Documented karyotypes in 
the clade including families Archotermopsidae (2n♂ and 
2n♀ = 52) (6 species, 2 karyotyped) and Stolotermitidae 
(2n♀ = 40, 32) (10 species, 2 karyotyped) also probably 
do not represent an ancestral state. However, the average 
number of chromosomes (2n♂ = 41 and 2n♀ = 41,3) in the 
whole clade is very close to 42, the most common number 
recorded in Neoisoptera (Rhinotermitidae, Serritermitidae, 
Stylotermitidae and Termitidae) and the average number 
in Kalotermitidae. The Kalotermitidae is exceptional in 
termites in having the widest range of chromosome num-
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bers (2n♂ = 22–63), which may be partially explained by 
chromosome fi ssions and fusions (Luykx, 1990). Given 
the current hypothesized phylogeny of termites, the last 
common ancestral chromosome number was probably 2n 
= 42, at least in recent termite lineages. This assumption 
is consistent with results of recent analyses, where haploid 
chromosome numbers 20, 21 and 22 are reported to be the 
most probable ancestral states for termites (Sylvester et al., 
2020). Even though many cytogenetic records for termites 
were not included in the study of Sylvester et al. (2020), 
the relatively low rates of chromosome fi ssions and fusions 
in termites evaluated in this study is plausible since species 
rich Neoisoptera is conservative in terms of numbers of 
chromosomes and most of the variation from 2n = 42 is 
present in old families of “lower termites”. No representa-
tives of Hodotermitidae, Serritermitidae and Stylotermiti-
dae have been karyotyped until now.

Unlike cockroaches, chromosome morphology and NF 
are regularly described for karyotyped termites. However, 
for the families Archotermopsidae and Termitidae there is 
no such information despite the publication of many chro-
mosome counts. Interestingly, the karyotypes of termites 
are mainly, or in some species of Kalotermitidae even ex-
clusively, composed of one-armed chromosomes (ST/T). 
Evidence suggests that the evolution of SCSs in some 
species of Kalotermitidae is driven by centric fusions or 
Robertsonian translocations between original sex chromo-
somes and autosomes and may even be the cause of in-
traspecifi c variation (Luykx, 1990; Luykx et al., 1990). For 
example, two populations of the kalotermitid species Cryp-
totermes queenslandis (Hill, 1933) differ in their chromo-
some counts, with one having 2n♂ = 42 and the other 2n♂ 
= 41. A single centric fusion of an original one-armed Y 
chromosome with an autosome resulting in the formation 
of a male specifi c trivalent of sex chromosomes is appar-
ently responsible for this change in chromosome number 
(Luykx, 1990). On the other hand, the variability in NF 
records in our database indicate that the majority of dif-
ferences in chromosome number at the interspecifi c level 
is not caused solely by centric fusions/fi ssions but also by 
other mechanisms of karyotype evolution. To better un-
derstand these processes, detailed phylogenetic analyses 
of species with described karyotypes and application of 
molecular-cytogenetic methods are desirable in future re-
search.

It is also noteworthy that descriptions of chromosome 
morphology (and consequently the NF) of one or several 
closely related species may signifi cantly differ between 
studies. For instance, Fontana (1982) report 20 M/SM and 
47 ST/T chromosomes in males (20 M/SM and 48 ST/T 
in females) of Kalotermes fl avicollis (Fabricius, 1793), 
whereas Bergamaschi et al. (2007) report 8 M/SM and 59 
ST/T chromosomes in males (8 M/SM and 60 ST/T in fe-
males) for the same species. Similarly, Fontana (1980) and 
Fontana & Goldoni (1985) report 22 M/SM and 20 ST/T 
chromosomes for both sexes of Reticulitermes lucifugus 
(Rossi, 1792), whereas Bergamaschi et al. (2007) report 8 
M and 34 ST/T chromosomes in males of R. urbis Bagneres 

& Clément, 2003 and R. grassei Clément, 1978. Because 
the chromosome number is the same and only chromosome 
morphology differs, we think that this inconsistency is a re-
sult of different categorizations of chromosome morphol-
ogy in these studies, and/or poor quality of karyotype pic-
tures, rather than a real biological phenomenon. However, 
we cannot exclude the possibility of karyotype variability 
in these cases.

In contrast to cockroaches, the XY SCS is ancestral 
for recent termites (Sylvester et al., 2020) and was fur-
ther modifi ed by centric fusions or reciprocal transloca-
tions into various SCSs in many species (e.g. Vincke & 
Tilquin, 1978; Fontana, 1980; Luykx, 1990; Martins & 
Mesa, 1995). However, the change from the X0 system, 
present in the sister group Cryptocercidae and other cock-
roaches, to the XY system in termites remains to be stud-
ied. Only homomorphic bivalents are present at meiosis 
in both sexes in the basal M. darwiniensis (Bedo, 1987; 
Bergamaschi et al., 2007); thus even though the sex chro-
mosomes are not morphologically differentiated in this 
species, we can exclude the presence of an X0 system or 
any derived translocation complexes (Bedo, 1987; Berga-
maschi et al., 2007). More information on the origin of the 
termite Y chromosome might be obtained from the other 
“lower termite” families Archotermopsidae, Hodotermiti-
dae and Stolotermitidae, which together form a monophy-
letic group (Bourguignon et al., 2015; Bucek et al., 2019; 
Legendre et al., 2015). The only species of this group with 
identifi ed sex chromosomes is Stolotermes victoriensis 
Hill, 1921 (Stolotermitidae), which has an X0 SCS, while 
the other karyotyped species from the family Stolotermiti-
dae, Porotermes adamsoni (Froggatt, 1897), has only bi-
valents at the fi rst meiotic division and thus presumably 
an XY system (Luykx, 1990). In Archotermopsidae, males 
of Zootermopsis angusticollis (Hagen, 1858) (females not 
karyotyped) and females of Z. nevadensis (Hagen, 1874) 
(males not karyotyped) both have 52 chromosomes (Light, 
1938; Stevens, 1905), which also indicates an XY system. 
Thus, the state in S. victoriensis seems to be derived. The 
last family of “lower termites”, Kalotermitidae, is undoubt-
edly the most variable lineage in the Blattodea with respect 
to SCSs. Striking intraspecifi c variability is reported in 
Incisitermes schwarzi (Banks in Banks & Snyder, 1920) 
(Syren & Luykx, 1977; Luykx, 1987; Luykx & Syren, 
1979), Kalotermes approximatus (Syren & Luykx, 1981) 
and K. fl avicollis (Truckenbrodt, 1964; Fontana & Amo-
relli, 1975; Fontana, 1982). This variability is caused by 
the sex chromosome multivalents forming circles or chains 
involving up to more than a half of the karyotype. Neoisop-
tera is, in addition to having a constant diploid number of 
42 chromosomes, also very conservative in having a male 
specifi c tetravalent of sex chromosomes resulting from one 
reciprocal translocation between the original Y chromo-
some and an autosome (Vincke, 1974; Vincke & Tilquin, 
1978; Bergamaschi et al., 2007). The only exceptions are 
present in “Rhinotermitidae” where some species have 
only bivalents at meiosis (indicating an XY system with 
non-differentiated sex chromosomes) and several species 
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exhibit intraspecifi c polymorphisms in SCSs, from having 
only bivalents at meiosis to having large male-specifi c sex 
chromosome multivalents (Fontana, 1980; Fontana & Gol-
doni, 1985; Bergamaschi et al., 2007). 

Our knowledge of the structure and function of the chro-
mosomes of Blattodea is still very limited, but future stud-
ies in this area may indicate the emergence of interesting 
phenomena during karyotype evolution. Specifi cally, wide 
differences in chromosome numbers at small taxonomic 
scales, such as subfamily or genus levels, are reported in 
certain subfamilies of Blaberidae (Oxyhaloinae, Zetobori-
nae, Blaberinae, Panesthiinae sensu lato) or in representa-
tives of Kalotermitidae (Cryptotermes, Kalotermes, Ne-
otermes). The chromosome fi ssions and fusions are known 
to have an important role in producing such variability 
(Sylvester et al., 2020), but without investigating the con-
text of the small scale phylogeny or biogeography of these 
particular taxa, no detailed models of karyotype evolution 
describing these broad differences could be created. Many 
interesting features might also be revealed by studies on 
Blattodea SCSs, as they have not been mostly identifi ed in 
cytogenetically studied cockroaches and are very dynamic 
in termites. Lastly, molecular-cytogenetic and genomic 
methods applied to studies on Blattodea might solve some 
of the most interesting problems, for example the origin of 
Y chromosome in termites and the homology of the Y and 
X chromosomes across Blattodea, or the mechanisms of 
rapid karyotype diversifi cation in some specifi c lineages, 
such as Blaberidae, Cryptocercidae and Kalotermitidae.
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