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ABSTRACT 

 

Species of the Bipalium genus (bipaliid land planarian) are widely 

distributed in the Southeast Asia, around greenhouses and gardens. However, 

taxonomy and cytogenetic data in this genus are restricted to few species.  

In this way, the present study includes the chromosomal investigation, using 

conventional (Giemsa staining) approaches in Bipalium kewense from 

Northeast Thailand. The specimen, B. kewense with two dorsal stripes and  

a blackish brown head crescent,  a lunate head moderately developed (40–150 

mm long and 3–5 mm wide); light yellowish brown with one broad mid-dorsal 

and two marginal stripes; without stripes on the ventral side. The results 

showed that B. kewense had 2n=10, and the fundamental number (NF) was 20. 

The types of chromosomes are 2 large metacentric, 2 medium metacentric,  

2 medium submetacentric and 4 medium acrocentric chromosomes.  

The karyotype formula of Bipalium kewense is as follows: 2n (10) = 

Lm
2+Mm

2+Msm
2+Ma

4 or 2m+2a+2a+2m+2sm 

 

Keywords: Land planarian, Terricola, Platyhelminthes, chromosome 
 

 

INTRODUCTION 

 

Land planarians are one of the most unusual and interesting creatures in 

and around greenhouses and gardens. Its 54 described species exhibit a complex 

taxonomy with cryptic lineages across their extensive distribution showing 

typical characteristics of the distinctive shape of their head region and stripes on 

the body. This animal belongs to one of the most ancient animal groups, the 
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Phylum Platyhelminthes–also known as flatworms. Originally from southeast 

Asia, Bipalium kewense has been dispersed by man to more than 50 countries 

around the world (Winsor, 1983; Jean-Lou et al., 2018). Bipalium is a genus of 

large predatory land planarians. They are often loosely called "hammerhead 

worms" or "broadhead planarians" because of the distinctive shape of their head 

region. Land planarians are unique in that they possess a "creeping sole" on their 

ventral side (Curtis et al., 1983). Several species are considered as invasive to the 

United States and to Europe (Filella-Subira, 1983; Ogren, 1985; Justine et al., 

2018). 

The karyology, cytogenetics and cytotaxonomy of freshwater planarians 

have been extensively studied and there has been a developing interest in the 

chromosomes of marine species (Ball, 1976, 1979; Gallen and Pucci-Nelli, 1979). 

The terrestrial planarians, however, have been almost totally neglected in this 

respect apart from brief notes by Minelli (1977), who reported a probable 

chromosome complement of 2n=10 from a species of Microplana 

(Rhynchodemidae) from the Jura Mountains, France. Karyotypes reported for 

species of the genus Bipalium (Bipaliidae) show some variety both among and 

within its recognized species. Seo et al. (1988) found that Bipalium nobile and  

B. multilineatum, from Japan both have a diploid chromosome number of 2n=10 

while B. kewense from Japan had 2n=18. Other specimens of B. kewense from 

Australia were found by Winsor (1981) to have a diploid chromosome number of 

2n=16. Oki et al. (1991) found three additional, undescribed species of Bipalium 

from Sanjo, Japan, and Chichijima Island, and karyological studies of two of 

these show a diploid chromosome number of 2n=10. In addition, Yamamoto  

et al. (2001) reported that B. kewense from Bunkyo and Kakido have 2n=18 while 

B. nobile, B. multilineatum and one undescribed species of Bipalium from 

Nameshi, Bunkyo, Kinkai, Nagayo and Nagasaki, all of them have a diploid 

chromosome number of 2n=10 and the last undescribed species of Bipalium from 

Benten have 2n=12 (Table 1). 

The work was undertaken not only to fill some gaps in our empirical 

knowledge but also in the hope of providing comparative information that may 

throw light on the phylogenetic relationships between the three principal 

suborders of the Tricladida, relationships which at the moment are rather unclear 

(Ball, 1981). This study was aim to report here on the karyotypes and idiogram 

of Thailand specimens of B. kewense, and record their external appearance. 
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Table 1. Cytogenetic data of the genus Bipalium (Bipaliidae). 
No. Species  2n  NF  Formula  Locality Reference 

1 Bipalium kewense 16 – –  Australia Winsor (1981) 

  18 – – Japan Seo et al. 

(1988) 

  18 

 

– 

 

2m+2m+2m+2sm+2st+2sm 

+2sm+2sm+2sm 

Chichijima 

Island  

Oki et al. 

(1991) 

  18 

 

– 

 

2m+2m+2m+2st+2sm+2sm 

+2sm+2sm+2sm 

Bunkyo and 

Kakido 

Yamamoto  

et al. (2001) 

  10 20 4m+2sm+4a or 

2m+2a+2a+2m+2sm 

Thailand Present study 

2 

 

B. nobile 

 

10 – 

 

– 

 

Japan Seo et al. 

(1988) 

  10 

 

– 

 

2m+2sm+2sm+st&sm+2sm 

 

Yokohama  

 

Oki et al. 

(1991) 

  10 

 

– 

 

2m+2sm+sm&st+2st+m&sm 

 

Toyonaka 

 

Oki et al. 

(1991) 

  10 

 

– 

 

2m+2sm+2sm+st&sm+2sm 

 

Nameshi  

 

Yamamoto  

et al. (2001) 

3 B. multilineatum 10 – 

 

– 

 

Japan Seo et al. 

(1988) 

  10 – 

 

2m+sm&st+2sm+2sm+2sm&st Bunkyo Yamamoto  

et al. (2001) 

  10 – 

 

2m+2sm+2st+2sm+2sm Kinkai Yamamoto  

et al. (2001) 

  10 – 

 

2m+sm&st+2st+sm&st Nagayo Yamamoto  

et al. (2001) 

4 Bipalium sp. 

 

10 

 

– 

 

2m+2sm+2sm+2sm+2sm 

 

Sanjo 

 

Oki et al. 

(1991) 

5 Bipalium sp. 

 

10 

 

– 

 

2m+2sm+2sm+2sm+2m 

 

Chichijima 

Island 

Oki et al. 

(1991) 

6 Bipalium sp. 

 

10 

 

– 

 

2m+2m+2m+2m+2sm 

 

Nagasaki Yamamoto  

et al. (2001) 

7 Bipalium sp. 

 

10 

 

– 

 

2m+2sm+2sm+2m+m&sm 

 

Nagasaki Yamamoto  

et al. (2001) 

8 Bipalium sp. 

 

10 

 

– 

 

2m+2m+m&sm+2m+2m 

 

Nagasaki Yamamoto  

et al. (2001) 

9 Bipalium sp. 

 

10 

 

– 

 

2m+m&sm+2sm+2m+2m 

 

Bunkyo Yamamoto  

et al. (2001) 

10 Bipalium sp. 

 

12 

 

– 

 

2m+2st+2m+2sm+2m+2m 

 

Benten Yamamoto  

et al. (2001) 

Note:  2n=diploid chromosome number, NF=fundamental number (number of chromosome arms), 

m=metacentric, sm=submetacentric, st=subtelocentric, a=crocentric chromosome  and – = not available 
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MATERIAL AND METHODS 

 

Chromosome preparation 
Firstly, A single specimen, tentatively identified as Bipalium kewense on 

the basis of external features, was collected from Khon Kaen University, Khon 

Kaen Province, Thailand. A photograph of a live specimen was retained by 

Getlekha for taxonomic purposes. Secondly, the specimen was soaked into a 

solution of 0.02% colchicine and left for four h. Thirdly, Chromosomes were 

prepared from whole body by the squash technique (Chen and Ebeling, 1968, 

Nanda et al., 1995). Next, the tissues were cut into small pieces and suck (up and 

down) by syringe then mixed with hypotonic solution (0.075M KCl). After 

discarding all large pieces of tissues, 7 ml of cell sediments were transferred to a 

15 ml centrifuge tube and incubated for 30 min at room temperature. Then, 

hypotonic solution was discarded from the supernatant after centrifugation at 

1200 rpm for 8 min. After that, cells were fixed in a fresh cool fixative (3 absolute 

methanol:1 glacial acetic acid) to which up to 7 ml were gradually added before 

being centrifuged again at 1,200 rpm for 8 min, at which time the supernatant was 

discarded. Next, the fixation was repeated until the supernatant was clear and the 

pellet was mixed with 1 ml fixative. Finally, the mixture was dropped onto a clean 

and cold slide by a plastic pipette followed by air-dry technique (Kasiroek et al., 

2017). 

Chromosome staining 

The slide was conventionally stained with 20% stock Giemsa’s solution for 

30 min. After that, the slides were soaked in distilled water (Sangpakdee et al., 

2017). 

Chromosome checking, Karyotyping and Idiograming 
Standardized karyotypes and idiograms of B. kewense were constructed. 

Then, chromosome checking was performed on mitotic metaphase cells under a 

light microscope. Next, the frequencies of chromosome number per cell were 

counted. After that, the maximum frequency of chromosome number per cell is 

the diploid chromosome number of B. kewense. Finally, twenty cells with clearly 

observable and well-spread chromosome were selected for karyotyping. 

The length of short arm chromosome (Ls) and long arm chromosome  

(Ll) were measured and calculated to the length of total arm chromosome  

(LT, LT=Ls+Ll). The relative length (RL), the centromeric index (CI) and 

standard deviations (S.D.) of RL and CI were calculated. Chromosomal 

nomenclature follows Chaiyasut (1989) by the CI (q/p+q) between 0.50–0.59, 

0.60–0.69, 0.70–0.89 and 0.90–0.99 were representing the metacentric, 

submetacentric, acrocentric and telocentric chromosomes, respectively. The 

fundamental number (number of chromosome arms, NF) was obtained by 

assigning a value of two to metacentric, submetacentric and acrocentric 

chromosomes and one to telocentric chromosome. All parameters were used in 
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karyotyping. The idiogram was constructed using a model drawing of karyotype 

and accomplished by a computer program (Chooseangjaew et al., 2017). 

 

RESULTS 

 

The B. kewense had 2n=10, and the fundamental number (NF) was 20.  

The types of chromosomes are 2 large metacentric, 2 medium metacentric,  

2 medium submetacentric and 4 medium acrocentric chromosomes (Figure 1). 

The karyotype formula of B. kewense. is as follows: 2n (10) = 

Lm
2+Mm

2+Msm
2+Ma

4 (4m+2sm+4a or 2m+2a+2a+2m+2sm) 

 

 
 

Figure 1. Metaphase chromosome plate and karyotype of the Bipalium kewense 

(2n=10) by conventional staining technique (scale bar indicate 5 μm). 

 

From an analysis of twenty particularly clear metaphase plates precise 

karyometric data and an idiogram have been prepared. The size and type of 

chromosomes were showed in the Tables 2. An idiogram is  a model of each pair 

of chromosome presumed that the large chromosome size (LT>5 .2 0  μm), the 

medium size (3.14–5.20 μm) and the small size (LT<3.14 μm) (Figure 2). 

 

Table 2. Mean length of short arm chromosome (Ls), length long arm 

chromosome (Ll), length total arm chromosome (LT), relative length 

(RL), centromeric index (CI) and standard deviation (SD) of RL, CI 

from 20 metaphase cells of the Bipalium kewense (2n=10). 

 
Chromosome 

pair 

Ls Ll LT RL±SD CI±SD Chromosomes 

size 

Chromosomes 

type 

1 2.82 3.46 6.27 0.2643±0.0249 0.5512±0.0027 large metacentric 

2 1.29 3.58 4.87 0.2052±0.0768 0.7345±0.0026 medium acrocentric 

3 1.11 3.22 4.33 0.1823±0.1659 0.7443±0.0062 medium acrocentric 

4 1.85 2.29 4.14 0.1745±0.0753 0.5521±0.0045 medium metacentric 

5 1.45 2.68 4.12 0.1737±0.0388 0.6492±0.0025 medium submetacentric 
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Figure 2. Standardized idiogram showing lengths and morphology of 

chromosomes of the Bipalium kewense (2n=10) (scale bars indicate  

2 μm). 

DISCUSSIONS  

 

 The specimen, B. kewense have external morphology with two dorsal 

stripes and a blackish brown head crescent, a lunate head moderately developed 

(40–150 mm long and 3–5 mm wide); light yellowish brown with one broad mid–

dorsal  and  two  marginal  stripes;  without stripes on the dorsal side that show a 

little bit different external appearance from B. kewense from Australia, Japan and 

Island. The diploid chromosome number of 2n=10 of B. kewense found in this 

study is consistent with almost all previous reports of genus Bipalium except 

some reported such as Bipalium kewense (2n=16, 18) and Bipalium sp. No. 10 

(2n=12) in Table 1 (Winsor, 1981; Seo et al., 1988; Oki et al., 1991; Yamamoto 

et al., 2001) revealing that characteristic of the genus Bipalium. Regarding 

chromosomal morphology, this study is in agreement with others in the genus 

Bipalium, with karyotypes predominantly formed by biarmed chromosomes. 

However, there are differences number of metacentric, submetacentric, 

acrocentric or subtelocentric chromosomes in karyotype among the reports  

(see Table 1), which in part might be caused by condition of pretreatment 

(concentrations or duration of colchicine treatment) (Leitao et al., 1999) and 

nomenclature of the chromosomes adopted. Moreover, some variation might be 

attributable to chromosome rearrangements among different Bipalium species  

(Ahmed, 1973, Pereira et al., 2011). 

 However, the previous report of cytogenetics in genus Bipalium shown 

many of an undescribed species, Bipalium sp. that see in the Table 1 but they 

described about the detail of characteristic features of the specimen for example 

an undescribed species from Sanjo, Bipalium sp. No. 4, with two dorsal stripes 

and a yellow head crescent, an undescribed species from Chichijima Island, 

Bipalium sp. No. 5, with five dorsal stripes, an undescribed species from 

Nagasaki, Bipalium sp. No. 6, a lunate or semilunate head moderately large (70 

mm long and 4 mm wide); dark brown above with one mid-dorsal and two lateral 
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stripes; with a pair of indistinct, dark lateral stripes on the ventral side, Bipalium 

sp. No. 7, a lunate head well developed (70 mm long and 6 mm wide); dark 

grayish brown above with one mid-dorsal and two marginal stripes; with a pair 

of indistinct, lateral stripes on the ventral side, Bipalium sp. No. 8, a semilunate 

head well developed (80 mm long and 5–7 mm wide); light yellowish brown 

above with one broad mid-dorsal and two thin marginal stripes; with a pair of 

indistinct, lateral stripes on the ventral side, an undescribed species from Bunkyo, 

Bipalium sp. No. 9, a lunate head moderately developed (30 mm long and 2–4 

mm wide); dark brown above with one blackish mid-dorsal stripe; without stripes 

on the ventral side, an undescribed species from Benten, Bipalium sp. No. 10, a 

semilunate head moderately large (200 mm long and 10–15 mm wide); blackish 

brown to black above; with a pair of dark, indistinct stripes on each lateral side 

of the creeping sole (Table 1) (Oki et al., 1991; Yamamoto et al., 2001). 

 

CONCLUSION 

 

In this report, B. kewense from Thailand resembles in external morphology 

to B. kewense from Australia, Japan and Island but the chromosome number is 

clearly different (10 vs. 16, 18 and 18 respectively) show that they might be 

different species similar to the cause of the damselfish (Dascyllus abudafur and 

Dascyllus aruanus), both of them are similar morphology but clearly different  

on the diploid chromosome number (48 vs. 30, respectively) (Getlekha, 2017). 

According to some specimens have not yet been identified because of a few 

number reported about taxonomy were not sufficient to classify the specimens. 

Therefore, they give additional descriptions about the characteristic of the 

specimen along with the karyological data and the collected location for fill some 

gaps in their works. In addition, this research is apply for a basis data for 

classification of land planarian in the future and the phylogenetic relationships 

between the three principal suborders of the Tricladida, relationships which at the 

moment are rather unclear. 
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