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ABSTRACT. The Batrachoididae includes some venomous brackish
and marine fish found in the Atlantic, Indian and Pacific oceans. This
family is composed of 69 species, distributed among 19 genera. Species
of the genus Thalassophryne have been reported along the coast of Rio
Grande do Norte (Brazil); T nattereri has been responsible for a large
number of human injuries. Little is known about the cytogenetic features
of this family. We made a karyotypic characterization of T. nattereri col-
lected from the estuary of the Apodi/Mossoro River, using conventional
Giemsa staining, C-banding and silver nitrate-nucleolar organizer region
technique. There was a modal diploid value of 2n = 46 chromosomes
(8m + 8sm + 24st + 6a; fundamental number = 86). Single ribosomal
sites were detected in the terminal region on short arms of a subtelocen-
tric pair (19th). Heterochromatin segments were preferentially located
over centromeric regions in some chromosome pairs. Pericentric inver-
sions and Robertsonian rearrangements seem to have played a major
role in karyotype evolution within this genus of toadfish.

Key words: Fish cytogenetics; Pericentric inversion; Toadfish;
Thalassophryne; Venomous fish
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INTRODUCTION

Venomous fish are found in several fish orders such as Siluriformes, Batrachoidi-
formes (Thalassophryninae), Scorpaeniformes (Scorpaenoidei), and Perciformes (Acan-
thuroidei, Blennioidei, Percoidei, Trachinoidei) (Stiassny et al., 2004; Nelson, 2006).
Batrachoidiformes is the only order in this group regarded as monophyletic (Chen et al.,
2003; Miya et al., 2003; Smith and Wheeler, 2004, 2006).

The members of the family Batrachoididae (19 genera and 69 species) are coastal
ambush predators feeding on mollusks, crustaceans and fish, and are widespread through-
out the Atlantic, Indian and Pacific oceans (Chagas et al., 2004). Several human injuries
along the Brazilian shore are thought to be caused by contact with species from this fam-
ily. All toadfishes possess sharp spines on fins and on the opercle. In members of the sub-
family Thalassophryninae, these spines are hollow and connect to venom glands capable
of perforating the skin and delivering a painful wound when handled or accidently stepped
on by bathers (Collette, 1978; Cervigdn, 1991; Lopes-Ferreira et al., 2000; Nelson, 2006).
Accidents related to the species Thalassophryne nattereri have been common along the
Brazilian coast, particularly on the North and Northeast coast, representing a public health
issue (Haddad Jr. et al., 2003; Faco et al., 2005).

Most information about toadfishes along the South American Atlantic coast refers
to taxonomy and systematics, including recent description of new genera (Greenfield,
2006), and few reports about biological aspects of some species (Randall, 1983; Menezes
and Buckup, 2003; Chagas et al., 2004).

The genus Thalassophryne comprises six species recognized by a scaleless body with
a single lateral line, eyes set high on large heads, wide mouth, pelvic fins under the gills, and
presence of venomous spines on dorsal fins and opercles (Collette, 1978; Cervigéon, 1991).

Chromosomal analyses have been successfully used in the identification of cryp-
tic species (Bertollo et al., 1978, 2004), or else in providing additional data for phylo-
genetic studies (Brum and Galleti Jr., 1997). Nonetheless, despite their ecological and
evolutionary importance, the cytogenetic features of Batrachoididae remain overlooked,
with available reports on just a few Neotropical species.

In order to extend the cytogenetic data in this peculiar fish group, currently re-
ferred to as an experimental model in biomedicine (Lopes-Ferreira et al., 2000, 2004;
Smith and Wheeler, 2006), we characterized the karyotype of Thalassophryne nattereri
by Giemsa staining, analysis of heterochromatin distribution and position and number of
major ribosomal sites.

MATERIAL AND METHODS

Ten specimens of 7. nattereri (four males, four females and two juveniles) were
collected in Baixa Grande Beach, Areia Branca city (4°57°3.9”’S, 37°8°10.9”W), State of
Rio Grande do Norte, Brazil (Figure 1). Mitotic stimulation was then carried out in the
collected individuals by intraperitoneal injection of a glucose-yeast solution (1 mL/100 g
body weight), and the animals were kept in aerated aquaria for 24 to 48 h (Lee and Elder,
1980). Afterwards, the animals were anesthetized with clove oil and sacrificed for removal
of the anterior kidney.
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Figure 1. Map of collection site of Thalassophryne nattereri on the shore of Areia Branca (4°57°3.9 S; 37°8°10.9”
W), Rio Grande do Norte, Brazil.

Sex identification was performed by macroscopic examination of gonads. Mitotic
chromosomes were obtained from kidney cells according to Gold et al. (1990). The nucleolar
organizer regions (NORs) and the heterochromatic regions were detected respectively by sil-
ver nitrate staining (Ag-NOR) according to Howell and Black (1980) and C-banding (Sumner,
1972). Based on the centromere position, the chromosomes were classified as metacentric (m),
submetacentric (sm), subtelocentric (st), and acrocentric (a) (Levan et al., 1964). The funda-
mental number (FN) was obtained taking into account acrocentric chromosomes as one-armed
elements. In order to provide a reliable comparison, the FN in other members of this family
was calculated using the same criterion. An ideogram showing the chromosomal morphology
and size, distribution of heterochromatin and location of NORs was constructed using the
Easyldio version 3.0 software (Diniz and Xavier, 2006), based on the measurements of chro-
mosome pairs in digitized images in the ImageTool version 3.0 software.

RESULTS

The cytogenetic analyses of 7. nattereri showed a diploid value of 2n = 46 chromo-
somes with a karyotype formula consisting of 8m + 8sm + 24st + 6a, FN = 86 (Figure 2A).
No sex-related chromosomal heteromorphism was detected. The species show an asymmetric
karyotype, with a first metacentric pair nearly four times larger than the smallest chromo-
somal pair (8th pair, sm). Detailed measures of chromosomes are presented in Table 1.
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Table 1. Chromosomal measurements in the karyotype of Thalassophryne nattereri.

Pair Chromosomal size Long arm (q) Short arm (p) q/p ratio Type RL (%) CI
1 5.55 3.35 2.20 1.52 m 7.49 39.64
2 3.59 2.09 1.50 1.39 m 4.84 41.78
3 3.19 1.73 1.46 1.18 m 4.30 45.77
4 1.67 1.02 0.65 1.57 m 2.25 38.92
5 3.06 2.09 0.97 2.15 sm 4.13 31.70
6 2.63 1.85 0.78 2.37 sm 3.55 29.66
7 2.44 1.73 0.71 2.44 sm 3.29 29.10
8 1.27 0.92 0.35 2.63 sm 1.71 27.56
9 4.35 3.75 0.60 6.25 st 5.87 13.79
10 4.09 3.51 0.58 6.05 st 5.52 14.18
11 3.93 3.40 0.53 6.42 st 5.30 13.49
12 3.79 3.28 0.51 6.43 st 5.11 13.46
13 3.68 3.13 0.55 5.69 st 4.96 14.95
14 3.54 3.08 0.46 6.70 st 4.78 12.99
15 3.34 2.86 0.48 5.96 st 4.51 14.37
16 3.07 2.66 0.41 6.49 st 4.14 13.36
17 2.86 2.49 0.37 6.73 st 3.86 12.94
18 2.70 2.35 0.35 6.71 st 3.64 12.96
19 2.46 2.09 0.37 5.65 st 3.32 15.04
20 2.27 1.90 0.37 5.14 st 3.06 16.30
21 4.67 4.25 0.42 10.12 a 6.30 8.99
22 4.29 3.90 0.39 10.00 a 5.79 9.09
23 1.69 1.50 0.19 7.89 a 2.28 11.24

RL = relative length; CI = centromeric index; m = metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric.

The ribosomal sites are located at the terminal position on short arms of pair 19 (Fig-
ure 2A, inset). Conspicuous heterochromatic blocks are distributed at centromeric regions in
most chromosome pairs (Figure 2B,C).
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Figure 2. Karyotype of Thalassophryne nattereri (A,B). A. Conventional Giemsa staining with the nucleolar
organizer region (NOR)-bearing pair (19) after silver nitrate (Ag) staining (inset). B. C-banding pattern. C. Ideogram
comprising the chromosomal morphology, heterochromatin distribution and Ag-NOR location in the karyotype. m =
metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric. Bar =5 pm.
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DISCUSSION

The main difference in the karyotypic macrostructure between 7. nattereri and T. macu-
losa from the Venezuela coast (Nirchio et al., 2004a) seems to involve the occurrence of peri-
centric inversions leading to distinct karyotypic formulae. Besides the oceanic distance between
the collection sites, both species are isolated by the Amazon River outflow, originating 6 to 10
million years ago (Floeter et al., 2007), and recognized as an important biogeographic barrier for
several taxa, causing the disruption between Caribbean and Brazilian fauna (Rocha et al., 2002).

Regarding cytotaxonomic features, 7. nattereri is characterized by showing the high-
est FN reported so far in Batrachoididae (Table 2).

Table 2. Cytogenetic data for species of the family Batrachoididae.

Species 2n Karyotype formula FN References
Amphychthys cryptocentrus 46 4m + 2sm + 40a 52 Nirchio et al., 2002
Batrachoides manglae 46 6m + 6sm + 34a 58 Nirchio et al., 2002
Batrachoides pacifici 46 6m + 6sm + 34a 58 Nirchio et al., 2002
Halobatrachus didactylus 46 8m + 18sm + 4st + 16a 76 Merlo et al., 2007
Halobatrachus didactylus 46 8m + 12sm + 26a 66 Palazon et al., 2003
Porichthys porosissimus 44 14m/sm + 30st/a 58 Brum et al., 2001
Porichthys plectrodon 44 8m + 10sm + 6st + 20a 68* Nirchio et al., 2004b
Thalassophryne maculosa 46 8m + 6sm + 32a 60 Nirchio et al., 2002
Thalassophryne maculosa 46 12m + 6sm + 20st + 8a 84* Nirchio et al., 2004a
Thalassophryne nattereri 46 8m + 8sm + 24st + 6a 86 Present study

*Number of chromosome arms considering subtelocentric chromosomes as bi-armed elements. m = metacentric;
sm = submetacentric; st = subtelocentric; a = acrocentric; FN = fundamental nuber.

The available karyotypic data in representatives of four genera within Batrachoididae
reveal a common diploid number of 2n = 46 chromosomes, thereby suggesting that it should
represent a basal condition for the family. The only exception is reported in the genus Porich-
thys, with a diploid value of 2n = 44 in both species analyzed (Table 2).

Assuming that the chromosomes of modern teleosteans evolved from an ancestor
karyotype of 48 acrocentric chromosomes (Brum, 1996; Brum and Galetti Jr., 1997), the Ba-
trachoididae species might have undergone a reduction in the chromosomal number from
2n = 48 to 2n = 46 during their karyotypic evolution. A Robertsonian event involving two
chromosome pairs putatively occurred in the base of the phyletic diversification of this family
and would be regarded as a basal condition observed in Amphychthys, Batrachoides, Halo-
batrachus, and Thalassophryne. Two centric fusions among four chromosome pairs would
be required for the establishment of 2n = 44 karyotypes, thereby representing an apomorphic
trait, exclusively found in the genus Porichthys.

Contradictory karyotypic formulae have been reported in a single species of Batracho-
ididae (Palazon et al., 2003; Merlo et al., 2007), and some of them are quite discrepant (Nir-
chio et al., 2002, 2004a). However, the relatively large number of subtelocentric chromosomes
in the karyotypes coupled with an imprecise differentiation between subtelocentric and acro-
centric chromosomes should account for most of the differences in the number of chromosome
arms observed within this family. Nonetheless, compared to the restricted 2n range, a remark-
able variation in chromosome arms (FN = 52-86) can be observed in members of this family,
reflecting a key role of pericentric inversions in the karyotype modeling of current species.
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Differences in the fundamental number among closely related species corroborate
the importance of pericentric inversions as the main mechanism of karyotypic evolution in
several modern fish orders (Molina, 2006). Among toadfishes, the pericentric inversions have
occurred in addition to centric fusions; the latter involving a few chromosomes in a putative
temporary and ancestral condition.

Chromosomal measurements in 7. nattereri demonstrated that the largest chromo-
some pair shows an average size of 5.5 pm, or 7.49% of the total karyotype length, while,
in Porichthys plectrodon (Nirchio et al., 2004b), the first pair represents a relatively larger
portion of the total karyotype length (13.5%) but the same absolute size (5.48 pm). Some
morphological and size features of the first chromosome pair seem to indicate a homeologous
condition for the first metacentric pair within this family, although the presence of more con-
spicuous heterochromatic blocks at pericentromeric positions was reported in P. plectrodon
(Nirchio et al., 2004b).

The heterochromatin in 7. nattereri is observed in centromeric regions in most chro-
mosome pairs. The heterochromatic blocks are more conspicuous in the centromeric region
of the first and second chromosome pairs (metacentric). Such distribution pattern and amount
of heterochromatin is similar to that reported in 7. maculosa (Nirchio et al., 2004a). On the
other hand, the cytogenetic data described for Thalassophryne differ from the pattern observed
in the genus Porichthys (Brum et al., 2001; Nirchio et al., 2004b), i.e., large heterochromatic
blocks restricted to some chromosome pairs, besides conspicuous pericentromeric heterochro-
matic segments in the first and second chromosome pairs. Such heterochromatin distribution
has been referred to as vestiges of the Robertsonian fusions originating the two largest meta-
centric pairs in the karyotype (Brum et al., 2001).

The Ag-NORs in the karyotype of 7. nattereri are single and located in telomeric re-
gions of pair 19, subtelocentric. This result agrees with the pattern reported in several toadfish
species (Palazon et al., 2003; Nirchio et al., 2004a,b; Merlo et al., 2007), thus suggesting that
single NORs at the telomeric position should be regarded as a symplesiomorphic feature of
Batrachoididae. The localization of ribosomal sites in distinct chromosome pairs could vali-
date these regions as potential tools for cytotaxonomic purposes. However, the difficulty in the
precise identification of the submetacentric, subtelocentric and acrocentric chromosomal types
in the species analyzed, hinder the utilization of Ag-NORs as efficient chromosomal markers.

Both 5S and 18S rDNA sequences were mapped by fluorescence in situ hybridization
in the species H. didactylus, revealing a non-syntenic chromosomal location, a common feature
within several fish groups. Fluorescence in situ hybridization analyses in the same species using
telomeric and (GATA)n probes failed to locate ectopic telomeric sites, while the GATA repeats
were detected at the interstitial position on a single chromosome pair (Merlo et al., 2007). The
absence of internal telomere-like sequences could be related either to the exclusion of these
sites during fusion events or to the long time period since the numerical reduction in relation to
the primitive teleostean karyotype (2n = 48 to 2n = 44-46) took place in Batrachoididae.

As reinforced by the present study, the karyotypic diversification in Thalassophryne
and other members of this family can be associated with biological features of toadfishes. By
presenting a sedentary behavior and a short larval stage, this fish group would be susceptible
to a deep population structure, favorable to the fixation of chromosomal rearrangements.

Indeed, phylogenetic analyses based on mitochondrial DNA sequences corroborate
that some genera, such as Opsanus, have undergone a fast evolutionary divergence. In this
group of species, and probably in Thalassophryne as well, biogeographic barriers and envi-
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ronmental changes during the glacial periods support the hypothesis of allopatric speciation
driven by vicarious events (Freshwater et al., 2000).

Although underrepresented, the available cytogenetic data in the family Batracho-
ididae suggest a potential field for taxonomic investigations in this group. In view of the few
cytogenetic reports in species from the South Atlantic, further studies in a larger number of
species are required, especially those focusing on chromosomal measurements and techniques
of qualitative heterochromatin analysis, in order to provide a better understanding of the pat-
terns related to the karyotype diversification in toadfishes.
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