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ABSTRACT

The paper presents the analysis of morphological and genetic variations of two species,
Metaphire bahli (Gates, 1945) and Metaphire peguana (Rosa, 1900), from Vietnam. As a result,
M. bahli has two morphological forms based on the shape of the male region and state of genital
markings while M. peguana has two subspecies, M. peguana peguana, and M. peguana
laisonensis. M. peguana peguana had genital markings disc-shaped in 17/18/19 and a
diverticulum attached to the base of the ampulla duct while M. peguana laisonensis had genital
papillae slit-like shaped in xvii and xix, and diverticulum end at the middle of ampulla duct.
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INTRODUCTION

Metaphire peguana (= Perichaeta
peguana) was described by Rosa (1890) for
samples from Myanmar (as Burma). The
species was originally characterized by two
pairs of genital papillae in intersegmental
17/18/19, three pairs of spermathecal pores in
6/7/8/9, and bithecate. To date, M. peguana is
a cosmopolitan species, and found in many
regions in the world, such as French Guiana
(Csuzdi & Pavlicek, 2010), Bangladesh
(Sarkar & Bandyopadhyay, 2012), India
(Stephenson, 1923), Myanmar (Gates, 1925,
1972), Cambodia, Laos (Thai & Do, 1989),
Indonesia, Japan (Ishizuka, 1999), Singapore
(Shen & Yeo, 2005), Thailand (Blakemore et
al., 2006, 2013), Malaysia (Ng et al., 2017),
and Australia (Easton, 1982).

At present, a total of 252 earthworm
species have been recorded in Vietnam
(Nguyen et al., 2016, 2017, 2020, 2021a,
2021b, 2022a, 2022b, 2022c, 2022d, 2023;
Lam et al.,, 2024), and of these species,
M. peguana (Rosa, 1890) and Metaphire bahli
(Gates, 1945) were two of the most common
Metaphire species, especially in the South.
These species have been found commonly in
the mainland and islands of Southern Vietnam
(Nguyen et al., 2016, 2017, 2020, 2021a,
2021b, 2022d, 2023; Lam et al., 2021).

Previous studies indicated that the
morphology of M. peguana was stable with
two pairs of genital markings in 17/18 and
18/19, and three pairs of spermathecal pores
in 6/7/8/9 (Gates, 1925, 1972; Prasankok et
al., 2013; Blakemore, 2016; Nguyen et al.,
2017). The molecular data also reported that
the species has low variations with a COI
genetic distance of 0.03 (samples from
Vietnam) or 0.048 (samples from Thailand
and Malaysia) (Prasankok et al., 2013;
Nguyen et al., 2023). Recently, based on
specimens collected from Lai Son island
(Kien Giang province), Nguyen et al. (2017)
named a new subspecies M. peguana
laisonensis. That new morphological type was
distinguished from M. peguana peguana by
having two pairs of genital markings in xvii
and xix, spermathecal pores widening apart
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laterally, and diverticulum attached to the
middle of ampulla duct (Nguyen et al., 2017).

Gates (1945) found that samples of
“M. peguana” from Sri Lanka (= Ceylon)
have some significant differences from the
original description, such as having genital
papillae invaginated which opened by slit-like
shaped, a smaller number of spermathecal and
male setae. Then, he named a new species
M. bahli for those individuals (Gates, 1945).
Gates (1972) implemented that M. bahli was
characterized by a concaved male region, and
this morphological form appeared in all
specimens from Myanmar and the Philippines
(Gates, 1972). Thai (1983) reported a lot of
variations of M. bahli from Vietnam including
the absence or presence of genital markings in
17/18 or 18/19. Additionally, another form of
M. bahli was found in Cam Mountain (An
Giang province) characterized without having
a concaved male region, having genital
markings in xvii and xix, and spermathecal
pores wider laterally (Nguyen, 2013). Later,
samples of the form were also gathered in Lai
Son and Hon Tre islands, but these samples
were more similar to the original description
(Nguyen et al., 2017). To date, M. bahli has
been found in several places in South and
Southeast Asia including India (Narayanan et
al., 2019), Sri Lanka (Gates, 1945), Myanmar
(Gates, 1972), Cambodia, Laos (Thai & Do,
1991), Philippines (Michaelsen, 1922), and
even Australia (Easton, 1982).

This study aims to provide information
about morphological variations between
populations of M. bahli and M. peguana in
order to compare morphological features and
molecular data more thoroughly.

MATERIALS AND METHODS

Materials examined

Earthworm materials were collected from
16 sites during the period of 2013—-2020 in
Southern Vietnam (Fig. 1). Earthworms were
captured directly by hand sorting (Gorny &
Grim, 1993), and then cleaned with tap water
before killing in formalin 2%. Clean
specimens were fixed in formalin 4% for
12 hours, then transferred to new formalin 4%
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for

long-term preservation.
molecular extraction were directly treated in
ethanol 96% after the cleaning step. All

Samples for

Table 1. Total examined specimens used for morphological analysis
of Metaphire bahli and Metaphire peguana in Vietnam

earthworm samples were housed at the
Laboratory of Zoology, Can Tho University
(CTU), Vietnam.

GPS Coordinates

No. | Label codes | Individuals Latitude (N) \Longitude ) Location Time Collector
Metaphire bahli (Gates, 1945)
Xuan Loc distr., Nauven
1 |[Ew.004.02 | 30 10°50°15.5 | 107°32°28.5 |Dong Nai prov. 10/2012/ 9
V.T.
(XL)
U oE Nhon Mts., An Nguyen
2 |EW.004.05 30 10°35°17.6 | 104°57'02.0 Giang prov. (NM) 7/11/2010 T
Hon Tre Isl., Kien Trinh
[0] 2 0 ) 1]
3 |EW.004.08 30 9°58°11.0 104°50°09.4 Giang prov. (HT) 16/10/2014 TKE.
Lai Son Isl., Kien Trinh
O 9 O b 1
4 |EW.004.09 30 9°47°57.6 104°37°24.5 Giang prov. (LS) 15/11/2013 TKB.
, , Cam Mts., An Nguyen
(o] 0
5 |[EW.004.11 30 10°30°36.3 | 105°00°09.0 Giang prov. (CM) 9/11/2010 TT
Chau Duc distr., Ba Nauven
6 [EW.004.13 30 10°42°11.2 | 107°23°36.3 |Ria-Vung Tau prov. |25/10/2016 QgNy
(CD) o
Binh Chanh distr., Nauven
7 |EW.004.34 30 10°41°30.5 | 106°36°11.0 |Ho Chi Minh City | 24/9/2019 QgNy
(BC) o
Phu Quoc Isl., Kien Lam
(0] > 0 ’ 1
8 |EW.004.47 30 10°11°06.6 | 103°58°15.3 Giang prov. (PQ) 6/11/2016 HD.
Con Son Isl., Ba Nauven
9 |EW.004.49 30 8°43°50.0 106°37°31.0 |Ria, Vung Tau 18/10/2019 TgT y
prov. (CS) T
Chau Thanh distr. Lam
[0] £ 0 ) 1]
10 |[EW.004.56 15 9°58°01.0 106°21°18.1 Tra Vinh prov. (CT) 13/10/2020 HD.
Metaphire peguana laisonensis Nguyen & Nguyen, 2017
Lai Son Isl., Kien Trinh
0 b 0 9 1
11 |[EW.087.01 27 9°48°10.5 104°36°51.3 Giang prov. (LS) 15/11/2013 TKB.
Metaphire peguana peguana (Rosa, 1890)
Long Thanh distr.,
12 |EW.009.04 23 10°41°01.3 | 107°01°02.1 |Dong Nai prov. 21/10/2014 |Le V.N.
(LT)
Phu Quoc Isl., Lam
13 |EW.009.09 15 10°10°48.7 | 103°58°15.0 |Kien Giang prov. 5/11/2016 HD
(PQ) o
Nhon Trach distr., Nauven
14 [EW.009.12 | 30 10°43°38.0 | 106°49°38.0 |Dong Nai prov. | 24/10/2016 QgNy
(NT) o
Can Gio distr., Ho Nguyen
(0} > 0 > l
15 |[EW.009.13 30 10°23°15.1 | 106°54°45.2 Chi Minh City (CG) 23/9/2019 ON.
Binh Dai distr., Ben Lam
0 k] 0 £ ’
16 |[EW.009.19 13 10°13°21.6 | 106°34°44.5 Tre prov. (BD) 13/10/2020 HD.
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A total of 423 mature specimens of two
species, M. peguana (285 specimens of
10 populations) and M. bahli (138 specimens
of 6 populations) were examined (Table 1,
Fig. 1). The materials were examined under a
Motic Digital stereo microscope (Model:
DM143-FBGG-C) and dissected from the

dorsal side for internal observation. All
images were taken using the software
MOTIC IMAGES PLUS version 2.0
connected to a camera attached to the stereo
microscope. Images were improved and
grouped into plates using Adobe Photoshop
CSé.
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Figure 1. Collecting sites of earthworms in Vietnam. A. Vietnam map, B. South Vietnam map.
Circles: Metaphire bahli, Rectangles: Metaphire peguana peguana, Triangles.
Metaphire peguana laisonensis

Morphometric analysis

The following characters were examined:
body length (Le), body diameter (Di), number
of segments (Seg), weight (We), number of
setae between two male pores (Set), ventral
distance between two male pores (MpD) and
ventral distance between two spermathecal
pores (SpD). Earthworm diameters and
ventral distances were measured through
images taken from the software MOTIC
IMAGES PLUS version 2.0. Weights were
calculated using an electronic scale AND EK-
6001 with a standard error of 0.01 gr. All data
were analyzed using the normality test
(Kolmogorov-Smirnov Test) then using the
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One-way ANOVA analysis with the Tukey
Test (normal distribution data) or the Kruskal-
Wallis Test and Mann-Whitney Test (non-
normal distribution data) performed in the
software MINITAB ver. 19.

DNA extraction, amplification, sequencing

Total genomic DNA were extracted from
earthworm muscle using a DNAeasy Blood &
Tissue Kit (Qiagen TM, USA). Universal
primer LCOI490 and HCO2198 were used for
amplifying a 680 bp fragment mitochondrial
gene COI (Folmer et al. 1994). PCR reactions
were performed for 20 pL solution with
conditions as follows: an initial denaturation at
95 °C for 2 min followed by 36 cycles of 95 °C
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for 20 sec, 42 °C for 45 sec, and 72 °C for
1 min, and a final extension at 72° for 5 min.
Successfully amplified products were purified
and sequenced at the FirstBase Company
(Malaysia). The same primers for the initial
PCR were also used as sequencing primers.
The dataset combined COI sequences from

previous studies and from GenBank (Table 2).
The phylogenetic tree of COIl fragment gen
was constructed by the Bayesian Inference (BI)
method using the software MrBayes 3.2.7
(Ronquist et al. 2012) for 10 million
generations. Drawida sp. (EW.DNA.032.03)
was selected as an outgroup.

Table 2. Total COI sequences used for morphological analysis
of Metaphire bahli and Metaphire peguana

No.\ Voucher specimen \Accession number\

Locality

Metaphire bahli (Gates, 1945)

1 |[EW.DNA.004.12 MWO076178 Chau Duc distr., Ba Ria-Vung Tau prov.

2 |EW.DNA.004.23 MWO076179 Hon Quan distr., Binh Phuoc prov.

3 |EW.DNA.004.23 a2V Hon Quan distr., Binh Phuoc prov.

4 |EW.DNA.004.23 a3® Hon Quan distr., Binh Phuoc prov.
MW076180

5 |[EW.DNA.004.26 0OP324548 Tan Uyen distr., Binh Duong prov
0OP324549

6 |[EW.DNA.004.27 0OP324550 Bac Tan Uyen distr., Binh Duong prov.

7 |EW.DNA.004.37 0P324551 Trang Bang distr., Tay Ninh prov.

8 |[EW.DNA.004.41 MW076181 Nha Be distr., Ho Chi Minh City

9 EW.DNA.004.42 MW076182 Tan Chau distr., Tay Ninh prov.

10 [EW.DNA.004.43 MW076183 Cam My distr., Dong Nai prov.

11 |[EW.DNA.004.44 MW076184 Con Son Island distr., Ba Ria, Vung Tau prov.

12 |[EW.DNA.004.56 0OP324552 Chau Thanh distr., Tra Vinh prov.

13 |[EW.DNA.004.60 ON314427 Hon Tre Isl., Kien Giang prov.

14 |EW.DNA.004.61 OP324553 Lai Son Isl., Kien Giang prov.

15 |CUMZ 3298 KC404844 Thailand

16 INTM: D1529 KT626598 Thailand

Metaphire peguana peguana (Rosa, 1890)

17 |[EW.DNA.009.06 MWO076185 Tan Thanh distr., Ba Ria, Vung Tau prov.
18 |[EW.DNA.009.07 MWO076186 Bac Tan Uyen distr., Binh Duong prov.
19 |EW.DNA.009.07 b® Bac Tan Uyen distr., Binh Duong prov.
20 |EW.DNA.009.10 MWQ076187 Chon Thanh distr., Binh Phuoc prov.
21 |[EW.DNA.009.12 0OP324554 Nhon Trach distr., Dong Nai prov.

22 |[EW.DNA.009.13 MW076188 Can Gio distr., Ho Chi Minh City

23 |[EW.DNA.009.14 OP324555 Cu Chi distr., Ho Chi Minh City

24 |EW.DNA.009.15 MW076189 Thong Nhat distr., Dong Nai prov.

25 |[EW.DNA.009.16 MWO076191 Con Son Isl., Ba Ria, Vung Tau prov.
26 |EW.DNA.009.18 Tinh Bien distr., An Giang prov.

27 \[EW.DNA.009.19 ON314432 Binh Dai distr., Ben Tre prov.

Metaphire peguana laisonensis Nguyen, Nguyen, 2017

28 | EW.DNA.004.53®

|

]Cam Mts., An Giang prov.

Note: ) Nguyen et al. (2022d).
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Abbreviations: Le = length, Di
diameter, Seg = number of segments, We
Weight, Set = number of setae between male
pores, MpD = Ventral distance between male
pores/body circumference, SpD = Ventral
distance between spermathecal pores/body
circumference; amp = ampulla, ag
accessory gland, dv = diverticulum, gm
genital markings, mp = male pore, sp
spermathecal pore.

RESULTS

Metaphire bahli (Gates, 1945)

The analysis of 285 matures showed that the
values of seven morphological traits vary in
length (53-170 mm), diameter (2.43-5.43 mm),
number of segments (57-135 segments) weight
(0.28-3.03 @), number of male setae (0—
13 setae), distance of spermathecal pores (0.15-

0.45 body circumference), and distance of male
pores (0.11-0.33 body circumference).

Comparing between populations, worms
in Lai Son Island have the greatest length
(123.17 + 13.02 mm), heaviest weight (1.77 +
0.32 mm), and the greatest number of
segments (113.40 + 11.44 segments). The
population has the greatest diameter (4.52 +
0.40 mm) collected in Phu Quoc Island.
Specimens from Cam Mountain have the
shortest body length (72.53 = 12.12 mm), the
smallest diameter (2.87 = 0.30 mm), and the
lightest weight (0.46 £ 0.15 g) but have the
widest distance between spermathecal and
male pores, respectively (0.40 + 0.03 and 0.28
+ 0.04 body circumference, respectively), and
the greatest number of male setae (10.70 %
1.62 setae) (Fig. 2).

Table 3. Comparison between morphological groups of Metaphire bahli in Vietnam

No. Traits Group 1 (195C) | Group 2 (60C) | Group 3 (30C)
1 |Length (mm) 112.60 + 15.78" | 118.50 + 13.85% | 72.53 + 12.12¢
2 |Diameter average (mm) 414 £0.412 4.21+0.332 2.87 +0.30°
3 |Number of segments 106.35 + 12.06° | 106.32 + 14,33% | 100.20 + 9.68°
4 |Weight (g) 1.43 £0.41° 159 £ 0.417 0.46 £ 0.15°
5 | Number of setae between male pores | 3.13 + 1.89°¢ 490 +2.33° 10.70 + 1.622
g |Distance between spermathecal 0224003 | 029+004° | 0.40+0.03
pores/body circumference
7 |Distance between male poresibody | g5, g goc | 01740020 | 0.28+004
circumference
8 |Genital markings 17/18/19 17/18/19 xvii and xix
Note: (n?): Different letters above numbers indicate a significant difference (P < 0.05; Kruskal-Wallis
Test).
Variation between three morphological had the largest values in male setae (10.70
forms 1.62 setae), male and spermathecal distances
(0.40 £ 0,03 and 0.28 = 0.04 body
Kruskal-Wallis  Test with a 95% circumference). In addition, group 3 had
confidential range represented significant genital markings in xvii and xix, while others

differences between three morphological
forms in all seven survey traits. Group 3 was
significantly different from the others. It had
the smallest value in length (7253 =+
12.12 mm), diameter (2.87 = 0.30 mm),
number of segments (100.20 % 9,68
segments), and weight (0.46 + 0.15 g), but
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had that character in 17/18/19 (Fig. 3). Group
2 included the longest (118.50 £ 13.85 mm)
and heaviest (1.59 £+ 0.41 g) worms, while
group 1 had the least value of male setae
(313 + 1.89 setae), closest male and
spermathecal distances (0.22 + 0.03 and 0.15
+ 0.02 body circumference) of the worms.
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Group 1 and group 2 had no differences in  vs. 106.32 £ 14.33 segments), but they were
diameter (4.14 + 0.41 vs. 4.21 + 0.33 mm) different in other characters with P-value
and the number of segments (106.35 + 12.06  from 0.000 to 0.022.
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Figure 2. Mean of Length (A), Diameter (B), Number of segments (C), Weight (D),
Ventral distance between spermathecal pores/body circumference (E), Ventral distance between
male pores/body circumference (F), Number of setae between male pores (G) of Metaphire
bahli. Different letters above bar chart indicate a significant difference (P < 0.05;
Kruskal-Wallis Test). Site codes are as given in Table 1
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Table 4. Comparison between the location of individuals
within the concaved male region group in Vietnam

No. Traits Island (60C) Mainland (135C) | P value
1 |Length (mm) 108.58 + 13.63* | 114.39 + 16.38" 0.017
2 |Diameter average (mm) 4.26 £ 0.442 4.08 + 0.38° 0.003
3 | Number of segments 104.82 £ 11.02¢ | 107.04 + 12.472 0.236
4 |Weight (g) 1.38 £ 0.41° 1.45 +0.41° 0.253
5 | Number of setae between male pores 3.55+1.60% 2.94 +1.98° 0.038
Distance between spermathecal a b

6 pores/body circumference 0.23+0,03 0.22 £0.03 0.039
Distance between male pores/body a a

7 circumference 0.14 £0.02 0.15+0.03 0.148

Note: (n?): Different letters above numbers indicate a significant difference (P < 0.05; Mann-Whitney Test).

Table 5. Morphological comparison of Metaphire bahli found
in Hon Tre and Lai Son islands, Vietnam

No. Traits Lal %goncgland Hon (';rgzcl;sland P value
1 | Length (mm) 123.17 £ 13.02% | 113.83 £13.25* | 0.253
2 |Diameter average (mm) 415+ 0.26% 4.26 £0.38% 0.973
3 | Number of segments 113.40 £ 11.44% | 99.23+13.53" | 0.000
4 | Weight (g) 1.77 £0.32° 1.41+0.41° | 0.003
5 | Number of setae between male pores 6.03 + 2.252 3.77 £1.81° 0.000

Distance between spermathecal
6 pores/body circumfgrence 0.30 £0.032 0.28 £ 0.052 0.087
7 D_istance between male pores/body 0.17 + 0,012 0.17 + 0,022 0.989
circumference

Note: (n?): Different letters above bar chart indicate a significant difference (P < 0.05; Mann-Whitney Test).

Table 6. Morphological comparison of Metaphire peguana peguana found

in Phu Quoc island and the mainland of Vietham

No. Traits Phu %Jgg)lsland Mainland (96C) | P value
1 |Length (mm) 111.20 £ 16.37* | 113.70 + 19.68* | 0.642
2 |Diameter average (mm) 4,79 £0.332 4.56 £ 0.532 0.103
3 | Number of segments 105.40 £ 17.83* | 11257 +15.71* | 0.109
4 |Weight (g) 1.82 £ 0.62° 1.93+0.67° 0.558
5 | Number of setae between male pores 8.20 + 2.882 9.22 +2.09° 0.100
g | Distance between spermathecal 0.37 + 0.09° 0.41£0.07° | 0.010

pores/body circumference
7 Distance between male pores/body 0.26 + 0.02° 0.97 + 0.03° 0.184
circumference

Note: (n?): Different letters above bar chart indicate a significant difference (P < 0.05; Kruskal-Wallis Test).
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%, Y

Figure 3. Different morphological group of Metaphire bahli (Gates, 1945).

o ] # it

A. Group 1 (Non-type: CTU-EW.004.05); B. Group 2 (Non-type: CTU-EW.004.08);
C. Group 3 (Non-type: CTU-EW.004.11)

Principle component analysis (PCA) was
employed to test the relationship among
examined samples. The results showed that
group 3 was distinctly separated from group 1
and group 2 (Fig. 4). The first component
(PC1) showed a variance (eigenvalue) of
3.9197 and accounts for 56.00% of the total
variance. The second component (PC2) well
explained that differences between group 1
and 2 had a variance (eigenvalue) of 1.3067,
but only explained 18.67% of the total
variance (Fig. 4). The first three principal
components represented 85.49% respectively
of the total variability.

5
4
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2
!
(-4
0
-1
2
. Group 3
4 Group 2
-7.5 -5.0 =25 0.0 2.5 5.0

PC1

Figure 4. Score plot of morphological traits of
Metaphire bahli in different groups.
Group codes are given as in Table 1
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Morphological variation between mainland
and island populations

Regarding samples of group 1 (typical
form), there were important differences
between populations from the mainland and
islands. Samples from the mainland were
longer (114.39 + 16.38 vs. 108.58 *+ 13.63
mm, P = 0.017), smaller (diameter 4.08 £+ 0.38
vs. 4.26 £ 0.44 mm, P = 0.003), less male
setae (2.94 + 1.98 vs. 3.55 = 1.60) than
samples from islands. The ventral distance
between spermathecal pores indicated the
difference between the two populations, but
these differences were not well enough to
separate the two populations (0.22 £ 0.03 vs.
0.23 + 0.03 body circumference, P = 0.039)
(Table 4).

The morphological variance between
populations of Hon Tre and Lai Son islands

Both populations collected from Hon Tre
and Lai Son island morphologically belong to
group 2 without a concaved male region.

There were no significant differences between
the two populations. However, samples in Lai
Son have a greater number of segments
(113.40 + 11.44 vs 99.23 + 13.53 segments, P
= 0.000), heavier (1.77 £ 0.32 vs. 1.41 + 0.41
g, P = 0.003), more setae between male pores
(6.03 £ 2.25 vs. 3.77 + 1.81 setae, P = 0.000)
than individuals from Hon Tre (Table 5).

Pairwise  genetic  distances  between
populations

The K2P genetic distance of the COI
sequences between the sample

EW.DNA.004.53 (from Cam Mountain) and
other samples were from 0.124 to 0.151. The
genetic  distance between the sample
EW.DNA.004.60 (from Hon Tre Island) and
the sample EW.DNA.004.61 (from Lai Son
Island) and other samples (except
EW.DNA.004.53) were also large (0.087-
0.117). Those results also corresponded to the
morphological differences between groups.
Within the group 1, genetic distances were
low (0.000-0.034).

Table 7. Morphological comparison between Metaphire peguana peguana
and Metaphire peguana laisonensis found in Vietnam

. Metaphire peguana | Metaphire peguana
No.| Traits peguana (111C) laisonensis (27C) P value
1 |Length (mm) 113.36 + 19.22° 93.26 + 12.85° 0.000
2 | Diameter average (mm) 4,59 £ 0.51* 3.77 £ 0.312 0.000
3 | Number of segments 111.60 + 16.122 100.22 + 16.70° 0.001
4 | Weight (9) 1.91 + 0.66° 0.91 +£0.20° 0.000
5 g'(;‘rgsber of setae between male 9.08 + 2.23° 8.70 + 2.54° 0.444
g | Distance between spermathecal 0.41 +0.07° 0.49 +0.03" 0.000
pores/body circumference
7 | Distance between male 0.27 +0.03° 0.25 + 0.02° 0.000
pores/body circumference
8 | Genital markings’ location 17/18/19 xvii and Xxix
9 | Genital markings shape Disc shaped Slit-like shaped
10 | State of the copulatory pouches |Restricted in body wall | Strong coelomic
11 | Base of diverticulum Base of ampulla duct Mlddlech‘C?mpulla

Note: (n?): Different letters above bar chart indicate a significant difference (P < 0.05; Kruskal-Wallis Test).

Metaphire peguana (Rosa, 1890)

M. peguana contained two subspecies M.
peguana peguana (111 samples of 5

112

populations), and M. peguana laisonensis (27

samples from Lai Son Island and 30 samples
from Cam Mountain).



Morphological and genetic variations

M. peguana peguana has a wide range of
morphological variations in length (81—
157 mm), diameter (3.39-6.27 mm), number
of segments (60-157 segments), weight
(0.68-3.69 g), number of setae between two
male pores (2-13), ventral distance between
spermathecal pores (0.33-0.5  body
circumference), and the ventral distance
between two male pores (0.22-0.38 body
circumference).
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Comparing between populations,
samples in Can Gio (CG) have the greatest
length (125.00 + 12.95 mm), and the number
of segments (119.60 + 13.24 segments)
while samples in Binh Dai (BD) have the
greatest diameter (4.94 £ 0.52 mm), heaviest
weight (2.16 £ 0.49 @), and the greatest
number of setae between two male pores
(9.92 £ 0.86 setae).
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Figure 5. Mean of Length (A), Diameter (B), Number of segments (C), Weight (D), Ventral
distance between spermathecal pores/body circumference (E) of Metaphire peguana. Different
letters above bar chart indicate a significant difference (P < 0.05; Kruskal-Wallis Test).
Site codes are given as in Table 1

Samples from Phu Quoc Island have the
closest spermathecal pores (0.36 + 0.09 body
circumference); worms with the shortest
length (97.17 + 14.65 mm) and lightest weight
(1.39 £ 0.50 g) are from Long Thanh (LT);
samples from Nhon Trach (NT) have the
smallest number of segments (105.27 + 11.66
segments) and male setae (8.12 + 2.45 setae)

while the individuals with smallest diameter
(4.43 £ 0.34 mm) is from Can Gio. While the
population with the widest distances of
spermathecal and male pores (0.47 £ 0.04 and
0.28 £ 0.03 body circumference) is from Long
Thanh (LT), those distances are closest in
samples from Phu Quoc Island (0.26 + 0.02
and 0.36 = 0.09 body circumference) (Fig. 5).
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M. peguana laisonensis also varies in
length (53-114mm), diameter (2.43-4.46
mm), weight (0.28-1.34 gr), number of
segments (62-118 segments), number of setae
between two male pores (4-13 setae), ventral
distance between spermathecal pores (0.34—
0.5 body circumference), and ventral distance
between two male pores (0.21-0.33 body
circumference).

Morphological variations between mainland
and island populations of Metaphire
peguana peguana

PC2
=]

PC1
m Mainland

® Island

Figure 6. Score plot of morphological traits
of Metaphire peguana peguana
in different locations

Kruskal-Wallis Test of 95% confidence
showed that two populations had significant
differences in ventral distance between

spermathecal pores (0.37 + 0.09 vs. 0.41 +
0.07, P = 0.010), but not in other examined
characters (P-value from 0.100 to 0.558)
(Table 6).

The morphological data of worms on the
mainland and island mixed (Fig. 6). PC1 had a
variance (eigenvalue) of 2.0783 and explained
just 29.69% of the total variability, and the
first two and three principal components
showed 50.98% and 67.24% of the total
variability.

The differences between Metaphire peguana
peguana and Metaphire peguana laisonensis

M. peguana laisonensis was described by
Nguyen et al. (2017). It differs from
M. peguana peguana in spermathecal pore
distance, location of male genital markings,
and the base of the diverticula. Kruskal-Wallis
Test with 95% confidence showed that two
subspecies were distinguished from each other
(except the number of male setae), P-value =
0.000-0.001. M. peguana peguana is longer
(113.36 £ 19.22 vs. 93.26 + 12.85 mm), larger
diameter (4.59 = 0.51 vs 3.77 = 0.31 mm),
more segments (111.60 + 16.12 vs. 100.22 +
16.70 segments), heavier weight (1.91 £ 0.66
vs. 0.91 + 0.20 g), the wider distance between
male pores (0.27 £ 0.03 vs. 0.25 £ 0.02 body
circumference), but having a closer distance
between spermathecal pores (0.41 £ 0.07 vs.
0.49 + 0.03 body circumference) (Table 7).
Moreover, M. peguana peguana has disc-
shaped genital markings, the copulatory
chamber restricted within the body wall, and
the diverticulum attached to the base of the
ampulla duct (Fig. 7) while M. peguana
laisonensis has ellipsoidal genital markings,
the copulatory chamber strongly coelomic,
and diverticulum attached to the middle of the
ampulla duct (Fig. 8).

Figure 7. Metaphire peguana peguana (Rosa, 1890) (Non-type: CTU-EW.009.04)
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Principle component analysis (PCA)
indicated that two subspecies were not
completely divided into two clusters (Fig. 9).
The first principal component had a variance

Pairwise distances between

populations

genetic

PC1
B M. peguana peguana

® M. peguana laisonensis

Figure 9. Score plot of the relationship
between Metaphire peguana peguana and
Metaphire peguana laisonensis

(eigenvalue) of 2.4392 and represented

34.85% total variability and the first two and
three principal components showed 53.28%
and 76.19% of the total variability.

The K2P genetic distance of the COI
sequences of M. peguana peguana slightly
varies from 0.002 to 0.054.

Among them is the sequence of
EW.DNA.009.12 (sample collected from
Nhon Trach) is most different from others (the
genetic distance from 0.020 to 0.054). The
smallest genetic divergence was 0.002
between the specimen from Can Gio
(EW.DNA.009.13) and the sample from
Thong Nhat (EW.DNA.009.15).

Phylogenetic relationship of Metaphire
bahli and Metaphire peguana

The phylogenetic tree showed that the
sample from Lai Son Island
(EW.DNA.004.60) was significantly different
from other samples in Kimura-2-parameter
genetic distance (from 0.124 to 0.151).

The sample from Cam Mountain
(EW.DNA.004.53, previously identified as
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M. bahli) was also branched within the
M. peguana clade. The genetic divergence
between this sample and other M. bahli

L EW.DNA.032.03 (Drawida cochinchina)

samples was larger than that of M. peguana
(0.124 to 0.151 wvs. 0.120 to 0.147)
(Fig. 10).

, Mwore18
“MWO76181
1 MW076179
ﬁ%o [EWDNA.004.23 a2
1L LW.DNA004.23 a3
MW076183
11 op324549
i‘_’jop324548
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! Mwo76182
05, MWO076184
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KT626598
OP324553
ON314427
LEW.DNA.004.53

Metaphire
bahli
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Metaphire peguana laisonensis
i MW076185
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7 MWO076186
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: 0P324555
- ON314432
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Figure 10. Bayesian Inference tree of Metaphire bahli and Metaphire peguana based on COI
sequences. Values at nodes are bipartition posterior probability (bpp)

DISCUSSION

M. bahli have been commonly found in
southern Vietnam, however, the specimens
collected in Cam Mountain (Group 3) were
misidentified. These samples are easily
distinguished from the typical form (Group 1)
and samples from Hon Tre and Lai Son
islands (Group 2) by the male region’s lack of
concavity (vs. strongly concaved in group 1)
and genital markings in xvii and xix (vs. in
17/18/19 in groups 1 and 2). In addition, these
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samples also show more male setae (10.70 £
1.62 vs. 3.13 £ 1.89 and 4.90 + 2.33 setae),
spermathecal more laterally (0.40 + 0.03 vs.
022 + 003 and 029 % 0.04 body
circumference), and broader male pores (0.28
+ 0.04 vs. 0.15 + 0.02 and 0.17 + 0.02 body
circumference). The genetic gaps between
samples found in Cam Mountain and other
places ranged from 0.124 to 0.151 (compared
to species delimitation distance between 0.148
and 0.20 (Chang & James, 2011; Nguyen et
al., 2018)). Also, samples in Cam Mountain
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are closely similar to M. peguana laisonensis
by the male region shape (not concaved),
genital papillae slit-liked, male pores
ventrolateral (0.28 + 0.04 vs. 0.25 £ 0.02 body
circumference), spermathecal pores laterally
(040 £ 0.03 wvs. 049 £ 0.03 body
circumference), and the number of male setae
(10.70 + 1.62 vs. 870 % 254 setae).
Therefore, samples from Cam Mountain (code
EW.004.11) must be M. peguana laisonensis.

M. bahli (Group 2) differs from Group 1
in the male region being more flattened rather

than  concaved. According to their
morphological  differences, the genetic
distance  (K2P)  between these two

morphological variants ranges from 0.087 to
0.117.

M. peguana peguana individuals from the
island have a wider distance of spermathecal
pores than the mainland samples have (0.41 +
0.07 vs. 0.37 + 0.09 body circumference).
Between populations, the K2P distance (COI
gene) was minimal, ranging from 0.000 to
0.052. Generally, samples of M. peguana
peguana have narrower spermathecal pores
but greater length, diameter, number of
segments, weight, and male pores distance.
Additionally, M. peguana peguana is
characterized by having disc-shaped genital
markings in 17/18 and 18/19, diverticulum
linked to the base of the ampulla duct whereas
M. peguana laisonensis have slit-liked genital
markings in xvii and xix, diverticulum
attached to the middle of the duct.

CONCLUSION

The morphology of M. bahli varies
greatly, including the male region form, the
number of setae between two openings of
copulatory pouches, the ventral distance
between the male pores, and the spermathecal
pores. Samples from Lai Son Island and the
rest of M. bahli individuals can be separated
into two subspecies by strong morphological
and genetic differences. M. peguana species
have  significant  differences  between
populations. Genital markings of this species
can either represent oval disc-shaped on the
body surface (M. peguana peguana) or

invaginate into a horizontal
opening (M. peguana laisonensis).

slit-shaped
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