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Abstract

Mountain crabs are freshwater crabs which live in high mountain streams. They are an important food source for local vil-
lagers, but some species are threatened with extinction. The aims of this study was to collect and identify mountain crabs of
family Potamidae using external morphology, and morphometric analysis. A total of 138 crabs (103 males and 35 females)
were collected from 15 locations of the Phetchabun Mountains (310 to 845 meters above sea level). The morphological crab
was classified based on gonopod and other characters. This study identified six species: Indochinamon bhumibol, Indochina-
mon ahkense, Indochinamon mieni, lomon nan, Vietopotamon phuluangense and Larnaudia chaiyaphumi. All species showed
relationship between the carapace width and weight, indicating that they maintain the same shape throughout life, making iden-
tification more difficult. The variety of morphological characteristics presents a challenge in the identification. I. bhumibol’s the
first gonopod is extreme like other species and has high variation coloration. Therefore, taxonomists need to search for other
characters and techniques for classification. It is suggested that species of crabs facing extinction be selectively propagated

incapacity for release back into the wild.
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1. Introduction

The study of freshwater crabs in Thailand started
about 1920. Most of the previous mountain crabs stud-
ies of mountain crabs placed them in the genus Pota-
mon but they were separated into many genera later
[1]. Now, there are 93 species in 25 genera of the fam-
ily Potamidae in Thailand distributed in mountainous
regions [2]. The decapod crustacean family Potami-
dae consist primarily of crabs of fast streams and wa-
terfalls in, waterfall crab and mountain areas. These
crabs are important in mountain ecosystems, and are
indicators of non-polluted water [3, 4]. Some moun-
tain crabs species are considered by the International
Union for Conservation of Nature (IUCN) to be “En-
dangered (EN)”. The mountain crabs have provided
an important source of food and income for local vil-
lagers. Increasing exploitation has reduced the num-
ber of mountain crabs. Furthermore, village still lack
basic information about their life cycle, abundance,
kind of crabs and their distribution. On the other
hand, mountain crabs are facing threats such as over-
consumption, reduced forest area, tourism activities
and water pollution. Freshwater crabs distributed in
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aquatic and terrestrials of tropical and subtropical re-
gion [5]. The Phetchabun Mountains are located in
the Northeast of Thailand, it connected to the south of
Luang- Prabang Range Laos, and is headwater streams
with a high diversity of endemic organisms [6, 7].

Currently, mountain crabs are facing several threats,
and they are not protected under the Wildlife Preser-
vation and Protection Law of Thailand, it is urgent to
study and identify mountain crabs of family Potami-
dae using external morphology, morphometric and
distribution areas. It can apply knowledge for the se-
lection of crab species for the conservation of moun-
tain crabs.

2. Materials and Method

Field surveyed and the collection was carried out
with the help of local peoples. The specimens were
collected by traps from mountain streams in the
Phetchabun Mountains for 3 months (May 2019 to
September 2019). The sampling locations from lo-
cated in five Provinces (Loei, Phetchabun, Nongkhai,
Udonthani, and Chaiyaphum). Collective locations
have 15 areas: Phuruea (PRI, PRII), Dansai (DS),
Thali (TL), Phuluang (PLI), Lomkao (LK), Pakchom
(PCH), Sangkhom (SK), Nayoong (NY), Nahaew
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Figure 1: Sampling location of mountain crabs in Phetchabun
mountains Thailand.
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Figure 2: The relationship between weight and carapace width of
six mountain crabs.

(NH), Nonghin (NHI), Phuluang (PLII), Wangsa-
phung (WP), Phukradueng (PD) and Phakdichumphon
(PHD) (Figure 1). Specimens were cleaned and kept
at -20 °C at the faculty of Science Mahasarakham
University until being processed. = The external
morphological characters including carapaces, che-
lipeds, walking legs, abdomen, chelae, third max-
illa, mandibular pals, first gonopods (G1) and second
gonopod (G2) were studied using existing published
methods of Chuensri (1973) [8], Yeo & Ng (2008)
[9], Ng & Naiyanetr (1993, 1995, 2003) [11, 12], T.
Pramual (1990) [13], Brandis (2000) [14], Supajantra
(2002) [10] , Ng & Guinot (2008) [15] and Naruse
et al (2018)[16]. We measured carapace width and
carapace length of all crabs using a Vernier caliper.
The specimens were weighed (wet weight: W) us-
ing an analytical pocket balance to the nearest 0.01
g. We use these data to study the relationship be-
tween carapace width (CW) and weight (W), using
the equation W = a(CW)? , where: (a) is the inter-
cept on the y-axis and, (b) is a shape variable relat-

1. bhumibol
1 1. nan Line 1

» L. chaiyaphumi } Line 2

ing C and W. The above equation can be transformed
to a linear regression by taking natural logarithms:
InW = In(a) + bIn(CW). Linear regression analysis
can be used to estimate the fitted values of @ and b [17
-19].

3. Results

3.1 Collecting sample and study locations

Sampling locations were scattered in five princes in
Phetchabun Mountains of Thailand. It is located be-
tween latitudes 101 to 102 and longitude from 16.5
to 18.30. The crabs have collected 138 crabs (103
males and 35 females) from high mountain streams.
It was found that I. bhumibol has the highest distribu-
tion as 369 to 845 meters above sea level. The most
mountain crabs live under rocky stream but there are
some species (V. phuluangene) prefer to dig a hole be-
side the soil stream. Their habitats have various kinds
of rock including siltstone, sandstone, limestone and
round pebbles (Table 1).

3.2 Morphometrics variation

The biggest size of crab is I. bhumibol, its mean
W, CW and CL were 54.81 (98.15-31.55) g, 52.75
(42.54-65.43) mm, 41.00 (32.35-50.05) mm respec-
tively. V. phuluangense is the least size. L. chaiya-
phumi is the least of difference and ratio between CW
and CL as 0.78 and 1.26 respectively (Table 2). The
figure 2 shows growth pattern of specific body part.
From the study, it was found that, almost mountain
specimens shows relationship of the carapace width
(CW) and wet weight (W). It could be explained by
the linear graph regression that has normal distribu-
tion and linear equation as W = —2.776C~0%! and
Y = -0.661 + 2.776X (R? = 0.944). 1. bhumibol,
V. phuluangense and I. nan have a high relationship
(Line 1). L. chaiyaphumi has the least relationship
with other species (Line 2) (Figure 2).

3.3 Morphological and color body variation

The 138 crabs were classified into four species.
Some characteristics showed variation and unclear
morphology, and various species had very similar
characteristics. 1. nan: dorsal view carapace and the
color body were dark-brown-olive, carapace surface
was crease and clear groove. The ventral body was
white. The most of crabs had bigger right chelae than
left, the chelae and walking legs tip had oranges. G1,
the subterminal joint was wide base and narrow up-
per, the terminal joint was broken-curve and hook tip.
G2, upright terminal segment was the nib (Figure 3);
V. phuluangense: dorsal view carapace, and the color
body were dark-brown or brown-yellow. The carapace
surface was a smooth and unclear cervical groove. The
ventral body was yellow-white. The most of crabs had
bigger right chelae than left, the chelae and walking
legs tip were brown-orange. G1, the subterminal joint



26

Vol. 15 No. 2 March — April 2020

Table 1. List of specimens of six Potamidae species and each sample collecting locality, GPS coordinates and altitude.

Species/Locality Geographic position Ele(v;;mn M?:i‘ﬁ?:?‘f;éﬁlle Habitat/ Rock*
Indochinamon bhumibol N=84 M=59, F=25
(Naiyanetr, 2001)
Phuruea District, 17 23°09.4”°N 733 N=8,M=4,F=4 rocky stream/siltstone
Loei Province (PRI) 101 29°20.1”E
Phuruea District, 17 28°55.88”N 789 N=10,M=3,F=7 rocky stream/siltstone
Loei Province (PRII) 101 23°04.45”E
Dansai District, 17 15°01.70”N 414 N=10,M=8,F=2 rocky stream/siltstone
Loei Province (DS) 101 08°24.99”E
Thali District, 17°32°09”N 829 N=9,M=6,F=3 rocky streamy/siltstone
Loei Province (TL) 101°19°41”E
Phuluang District, 17 06°04”N 845 N=9,M=7,F=2 rocky stream/siltstone
Loei Province (PLI) 101 33°28”E
Lomkao District, 17 06°25.94”N 602 N=100M=7,F=3 rocky stream/siltstone
Phetchabun Province (LK) 101 19°06.62”E
Pakchom District, 17 02°50”N 720 N=10,M=9,F=1 rocky streamy/siltstone
Loei Province( PCH) 101 50°56”E
Sang-Khom District, 18 12°05.01”’N 369 N=8,M=7,F=1 rocky stream/siltstone
Nongkhai Province (SK) 102 06°39.51”E
Nayoong District, 1828’5 N 473 N=10,M=8,F=2 rocky stream/round
Udonthani Province (NY) 102 87’7 E pebbles, sandstone
Tomon nan N=10,M=10,F=0
(Ng & Naiyanetr, 1993)
Nahaew District, 17 18°16.90°’N 795 N=10,M=10,F=0 rocky stream/ sandstone
Loei Province (NH) 101 05°49.93’E
Vietopotamon phuluangense N=41,M=24,F=17
(Bott, 1970)
Nonghin District, 17 02°50”"N 594 N=10,M=4,F=6 rocky stream/red brown
Loei Province (NHI) 101 45°40”E sandstone
Phuluang District, 17 05°29.37°N 461 N=7,M=5F=2 rocky stream/ sandstone
Loei Province (PLII) 101 34°’11.31”E
Wangsaphung District, 1716°16”N 411 N=6M=2F=4 rocky stream/limestone
Loei Province (WP) 101 34°42”E
Phukradueng District, 16 50°15.59”N 310 N=1I,M=8F=3 rocky stream/brown
Loei Province (PD) 101 49°42.49 sandstone
Larnaudia chaiyaphumi N=10,M=10F=0
(Naiyanetr, 1982)
Phakdichumphon District, 16 08°42.42”N 462 N=10,M=10F=0 rocky stream/sandstones,
Chaiyaphum Province (PHD) 101 27°49.23”E siltstones
N=138, M =103, F =35
sandstone

*Type of rock was identified from the data of Department of Mineral Resources
(http://www.dmr.go.th/download/digest/Leai2.pdf)

was wide base and the smooth narrow upper, terminal
joint was alike semilunar curve. G2, upright termi-
nal segment had a curve sclerotized tube (Figure 4);
L. chaiyaphumi: dorsal view carapace and the color
body was bark-brown-orange. The carapace surface
was a quite smooth, clear semi-circular and unclear
crevicular groove. The ventral body was white-brown.
Most of the chelae crabs had right bigger than left.
The walking legs surface was Black spot pattern. G1,
the subterminal joint was wide base and narrow up-
per, the terminal joint was an upright conical shape.
G2, upright terminal segment was the nib (Figure 5);

1. bhumibol: dorsal view carapace and the color body
were dark-purple (morpho I), onyx-dark-blue (morpho
II), brown-yellow (morpho II) or dark-brown (mor-
pho 1V). The carapace surface had a small granum,
clear cervical groove and semicircular groove. The
ventral body was brown-white or purple-white. Most
of the crabs had bigger right chelae than left (Figure
6). In. ahkense: dorsal view carapace and the color
body were brown-orange. The carapace have granule
on lateral and frontal surface, clear cervical groove,
and clear semi-circular groove. The ventral body was
brown-white. G1’s the subterminal was wide base and
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Figure 3: Iomon nan male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first gonopod anterior

view; F, right first gonopod posterior view; G, second gonopod.

0.5cm E

0.5cm F 0.5 cm

Figure 4: Vietmopotamon phuluangense, male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first
gonopod anterior view; F, right first gonopod posterior view; G, second gonopod.

narrow upper (a little hair), G1’s flexible zone was
unclear. The terminal joint was 45-degree angle and
straight tip. G2, upright terminal segment had a curve
sclerotized tube (Figure 7); In. mieni: dorsal view
carapace and the color body were onyx-dark-blue. The
carapace has granule on the lateral and frontal surface,
clear cervical groove, and clear semi-circular groove.
The ventral body was purple-white. The chelae and
walking legs tip were white-oranges. G1’s subtermi-
nal joint was narrow base and concave in the narrow
upper (a little hair ), G1’s flexible zone was concave
V-shape. The terminal joint was the 45-degree an-
gle and slightly angled bent tip. G2’s upright termi-
nal segment had a curve sclerotized tube. The walking
leg surface of In. mieni had a black spot pattern (Fig-
ure 8). All three species of genus Indochinamon, have
small granum on the lateral and frontal surface, clear
cervical groove, and semicircular groove. Their G1
character was very similar, but there were a little dif-
ferent each species. Most of the crabs had bigger right
chelae than left.

4. Discussion

4.1 The distribution and collection samples

Tropical Southeast Asia is the species richness lo-
cation, comprises many important of the world’s bio-
diversity, Phetchabun mountains have abundant natu-
ral resources and various kind of animals and plants
[7, 21]. This study found four species in four genera:
1. bhumibol, I. nan, V. phuluangense and L. chaiya-
phumi. All of them live in abundant location, clean
water, and moderate flowing streams. They were
important food for the locals especially I. bhumibol,
because of its big body size (The biggest freshwa-
ter crab in Thailand). It is also the endemic species
of Loei Province [22]. There were important en-
demic species every continent such as Candidiopota-
mon rathbunae in Taiwan [23] and Sesarma species
Western Jamaica [24]. Almost of them are risking
of extinction. From study of Shih & Ng (20011)
found freshwater crabs in Eastern Asian distributed
to china and upper ASEAN countries [25]. I nan
used to classify into genus Potamon (Its old name is
Potamon man, it was first discovered in Nan Province
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Figure 5: Larnaudia chaiyaphumi, male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first
gonopod anterior view; F, right first gonopod posterior view; G = second gonopod.
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Figure 6: Indochinamon bhumibol, male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first
gonopod anterior view; F, right first gonopod posterior view; G, second gonopod.

[1, 11]. This study collected from Nahaew District,
Loei Province (NH). This species was considered as
EN, because its distributive area is really restricted
(less than 500 km?) [26]; V. phuluangense was found
distributional area between border of Vietnam, Laos
and Thailand. Its characteristics is very similar to
Ranguna luangprabangensis (Rathbun, 1904)[11]; L.
chaiyaphumi was considerd as Least concern [25],
It was found Phakdichumphon District, Chaiyaphum
Province (Figure 1). From 1973 to 2019, Thailand’s
forest has been decreased from 43% to 31% [26]. The
increasing of the anthropogenic activities results to
discharging of chemical materials and pollutions to the
environment such as: urbanizations, industries, agri-
cultural development, tourism activities, mining and
overexploitation. From these causes affected to de-
creasing of crabs habitat [27 — 32]. The dramatic effect
was threat for crab’s biodiversity. From this study two
species were discovered and considered as EN such as
1. nan and I. bhumibol. According with IUCN assess-

ment, 27% of crustaceans were threatened with extinc-
tion [29].

4.2 Morphological and Morphometric analysis

Over decades ago, taxonomy depend on differen-
tiation of external morphology. Some species was
mistakenly classified, was had confused. For exam-
ple Iomon luangprabanges used to incorrectly identi-
fied as Iomon nan and Indochinamon cua [13, 9]. L
nan had old name that Potamon nan [13]. It had pre-
viously been referred to Ranguna luangprabangensis
(Rathbun, 1904). Its terminal joint of G1 was broken
curve and hook tip like to Doimon maehongsonensis
(Naiyanetr, 1992), but D. maehongsonensis was cur-
vature and thickening on the mid-terminal joint of the
Gl. I bhumibol: TIts old name was Potamon bhu-
mibol (Naiyanetr, 2001). It was moved to genus In-
dochinamon. Its G1, G2 and carapace characteristics
were similar to those of the Potamon tannanti species
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Figure 7: Indochinamon ahkense, male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first
gonopod anterior view; F, right first gonopod posterior view; G, second gonopod

Table 2. Morphometric characters for four species Potamidae.

weight carapace WC-L CW/CL

species . wide: WC (cm) long: CL (cm) average average
max min  average . .
max min average max min  average

L. bhumibol 98.15 31.55 54.81 6.54 424 5.27 5.00 3.23 4.10 1.18 1.29
In. ahkense 68.16 33.31 51.47 59.20 49.5 54.10 46.20 38.00 41.70 12.40 13.00
In. mieni 7223 12.10 39.51 63.00 31.0 47.00 48.30 24.00 36.80 10.20 12.80
L. nan 62.65 34.23 42.25 575 470 5.15 4.45 3.60 3.98 1.17 1.29
V. phuluangense  37.5  9.445 22.49 482 2091 3.89 3.68 2.27 2.99 0.9 1.29
L. chaiyaphumi ~ 48.63 15.33 27.20 4.60 3.10 3.75 3.60 2.45 2.97 0.78 1.26

group. The P. tannanti group consisted of Indochi-
namon jinpingense (Dai, 1995) [Northern Vietnam,
Southern China], Indochinamon orleansi (Rathbun,
1904), Indochinamon mieni (Dang, 1967), Indochina-
mon guttus (Yeo & Ng, 1998), Indochinamon lipkei
(Ng & Naiyanetr, 1993) [Northern Thailand] [20, 15]
and Indochinamon ahkense (Naruse, 2018) [Yunnan
Province China] [16]. V. phuluangense: It had previ-
ously been identified as a subspecies as P. luangpra-
bangensis (Ng & Naiyanetr, 1993). However, the G1
had characteristics like those of lomon luangpraban-
gensis (Rathbun, 1904), but the tip of terminal joint of
L. luangprabangensis was more bent. In this the study
found that various of G1 character within each species
especially I. bhumibol and V. phuluangense [34] found
that the frog crab (Ranina ranina) showed variations
in the carapace color, white spots patterns, antenna
shape, feeding apparatus and maxilliped each individ-
ual crabs. In some Potamonautidae used mandibular
palps and third maxilliped for identifying [35], but it
cannot use in Potamidae. However, G1 characteris-
tics have a clear difference in inter-genus, but over-
lap within the genus. G2 characteristics were divided
into two groups: the first group was upright sclero-
tized tubes (I. nan and L. chaiyaphumi); the second

group was curved sclerotized tubes (In. bhumibol, In.
ahkense, In. mieni and V. phuluangense). Mountain
crabs showed high color variation, it may be a re-
sult of carapace formation that has to gotten miner-
als (Calcium carbonate) from food and environment
after molting [32]. The animal color variation was
the topic that linked to the history of the evolution.
There was discovery on various animals which had
color pattern changed, based on the environment. For
example, land animal group were studied in primates,
birds, butterflies [33], insects [34], centipede [35] and
grass frog [36]. In this study, coloration variation of all
four group species was discovered. The truth that the
animal color is determined by genes in the body, but
environment may influence to color variation. Mor-
phometry of four species of Potamidae showed rela-
tionship between CW and W, in accordance with the
study of Fadlaoui et al (2019) which found the allo-
metric growth patterns of P. algeriense [19], Buatip et
al. (2017) studied the relationship of CW and W in five
freshwater crabs in southern Thailand [3]. I bhumi-
bol was the biggest crabs in this group, was similar to
the biggest crab in the same genus in Chinese (CW =
59.4 mm) [16]. The relationship of the wide carapace
and wet weight showed the growth pattern of moun-
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Figure 8: Indochinamon mieni, male. A, dorsal view; B, ventral view; C, left third maxilliped; D, right mandibular palp; E, right first gonopod

anterior view; F, right first gonopod posterior view; G, second

tain crabs. However, environments, foods, age and
organism’s chemical reaction may cause variation in
morphological characteristics. Habitats influence the
growth and shape of animals, according to the pheno-
typic plasticity theory [37].

5. Conclusions

The morphology of the mountain crabs showed ex-
ternal morphological variation that was influenced by
the environment. The characteristics were varied in
each habitat. These phenomena were explained by
the phenotypic plastic theory. These mountain crabs
were classified using gonopod characteristics as four
species which were 1. bhumibol, 1. nan, V. phulu-
angense, L. chaiyaphumi. For the extremely close
species was quite hard to classify. There were many
possible factors that promoted morphological differ-
entiation include: foods, water, mineral, and genetic
structure. Therefore, taxonomists need to combine the
study both of morphological characters and genetic
molecular techniques in order to select breeders for
commercial rearing.
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