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Abstract

Genetically distinct three types (designated as A, B and C) in the common freshwater shrimp Palaemon
paucidens in Japan have been determined using allozyme, 18S rDNA and 16S rDNA analyses. Based on
the morphological and genetic analyses, Katogi et al. (2019) proposed type B population distributing in the
northern Japan to be a new species Palaemon septemtrionalis. In the present study, phylogenetic analysis
in amphidromous type B was performed using 16S rDNA sequences of 185 individuals collected throughout
the distributional range of this species in Japan. Two highly divergent clades (designated as B-I and B-II)
were observed in the phylogenetic tree, in which the mean nucleotide sequence divergence (K2P) between
the clades was 3.9 %. B-II clade was further subdivided into subclades B-IIa and B-IIb, in which the mean
K2P between the subclades was 1 %. Geographic distributions of these clades were clearly separated. B-I
corresponding to P. septemtrionalis was distributed in the northern Japan (north of Miyagi Prefecture to
Hokkaido) and rivers on the Sea of Japan side. B-Ila and B-IIb were observed in rivers on the Pacific Ocean
side. B-1la was distributed from the northern Japan (north of Miyagi Prefecture) to central Japan (Kanagawa
Prefecture) and B-1Ib from central Japan (Shizuoka Prefecture) to southern Japan (Kyushu). Northern area
of Miyagi Prefecture was determined to be the boundary zone between B-I and B-Ila, where B-1 and B-Ila
individuals were observed to coexist in a river of the Oshika Peninsula. Sagami Bay at central Japan was
considered to be the boundary between B-Ila and B-IIb. In the appendage morphology, longer propodus
than carpus in the second pereiopod, that was reported as one of specific characteristics of P. septemtrionalis,
but we found this to be size dependent characteristic and not to be applicable for species identification.

Key words: Palaemon paucidens, type B, 16S rDNA, population structure, morphology, Palaemon
septemtrionalis
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Table 1. Descriptions of local samples of type B Palaemon paucidens used in this study.

Location

No Prefecture river individual code collection date n coordinate (N, E)
1 Hokkaido Enbetsu River ONBI1 2015/6/27 1 447176, 141.7922
2 Hokkaido Shozanbetsu River HYB2 2015/6/27 1 44.5301, 141.7689
3 Hokkaido Onne River! HON7 2015/6/26 1 44.1539, 141.6629
4 Hokkaido Nobusha River HNB4 2015/6/26 1 43.8754, 141.5889
5 Hokkaido Gokibiru River* HNNS, 6 2015/6/26 2 43.4783, 141.3920
6 Aomori Dedo River! DEKS5 2016/5/21 1 41.3610, 141.1977
7 Aomori Kodomari River* KOD1, 3~5 2017/11/4 4 41.1264, 140.3090
8 Aomori Wakinosawa River! WAKS 2017/8/13 1 40.5858,139.9196
9 Iwate Kuji Rivert KUJS5, 6 2018/10/9 2 40.1931, 141.7594
10 Akita Shibi River* AMG1~3 2017/8/14 3 39.9846, 139.8728
11 Akita Kamo River! AKRI 2017/8/14 1 39.9633, 139.7840
12 Akita Taki River* AOT1~5 2016/6/29 5 39.9358,139.8354
13 Akita Hizume River* AHR2, 3 2017/8/15 2 39.9055, 139.8612
14 Akita Kimigano River* KIM1~5 2017/11/4 5 39.5496, 140.0707
15 Miyagi Kitakami Riverf Z1~6 2019/5/25 6 38.5404, 141.4174
16 Miyagi Old Kitakami Riverf  Z8~10, 13, 14 2019/5/25 6 38.4933,141.2889
17 Miyagi Tani River* MOTI1~3, 5, 8~11, 2016/4/27,2019/5/26, 19  38.3659, 141.4842

20~31, 720, 21 2019/7/26
18 Miyagi Yodo River* MOY1~8, 12, 2016/4/27,2019/7/26 16 38.3123,141.4931
14~16, 18,L, M, S
19 Fukushima  Oota River* FSO1~4 2016/5/29 4 37.5980, 140.9260
20 Fukushima  Kashiro River FKS7 2015/9/19 1 36.9487, 140.9229
21 Fukushima Same River* SAMI, 2 2016/5/29 2 36.9287, 140.7385
22 Ibaraki Edokami River! IE5 2015/9/19 1 36.8331, 140.7715
23 Ibaraki Tourenzu River* IHRS5, 6 2015/9/20 2 36.6445, 140.6909
24 Chiba Some River* SOML, 2 2017/8/10 2 35.2540, 139.8737
25 Chiba Hota River* HOTL, 3,6,7 2017/8/10 4 35.1373, 139.8428
26 Chiba Fukurogura River* KIY1-3 2017/8/10 3 35.1205, 140.1486
27 Chiba Choja River* CH1~3, 11 2017/8/10 4 35.0487, 140.0251
28 Chiba Sunomiya River' SM1 2017/9/30 1 34.9403, 139.8200
29 Kanagawa Morito River! MORI1 2015/3/2 1 35.2824,139.5790
30 Kanagawa Maeda River* MAD?Y, 744, 46, 47 2017/11/1, 2019/8/7 4 35.2362, 139.6042
31 Shizuoka Karasu Riverf 741,42 2019/8/7 2 35.0110, 139.0804
32 Shizuoka Yatsu River* YATL, 3,4 2017/9/24 3 34.7461, 138.9930
33 Shizuoka Aono River* IDU1~3 2017/10/27 3 34.6431, 138.8688
34 Shizuoka Nishina Riverf NIG1~3 2018/1/21 3 34.7709, 138.7824
35 Shizuoka Kakida Rivert KAK1~3 2018/1/21 3 35.0999, 138.9012
36 Shizuoka Abe River* ABE1-3 2017/11/18 3 34.9589, 138.3652
37 Shizuoka Ooi River* GIW1, 2, 5~7 2017/11/18 5 34.7693, 138.2856
38 Shizuoka Touzawa Riverf X52~54 2019/5/4 3 34.6425, 138.1900
39 Ishikawa Orido River* ORD1~3 2017/10/29 3 37.5244,137.2803

40 Kyoto U River! URI1 2015/8/20 1 35.7487, 135.1650

41 Hyogo Sui Riverf SUG5 2018/8/18 1 35.6576, 134.7345

42 Hyogo Yasuki RiverT YAKS5 2016/5/4 1 35.6514, 134.7041

43 Wakayama  Asaragi River* MCGL, 2,7, 8,24 2017/10/8 5 33.6071, 135.3953

44 Tokushima  Hiwasa Riverf HIW2 2018/7/21 1 33.7352, 134.5206

45 Kochi Ozaki Riverf OZK5~7 2018/7/21 3 33.3697, 134.2046

46 Kochi Moto River! KOM1 2017/9/24 1 33.3004, 134.1284

47 Kochi Higashino River* HIG1~3 2017/9/24 3 33.3287,134.1021

48 Kochi Kumomo River* IM6-8~10 2017/11/20 3 32.8451,132.9520

49 Nagasaki Sasu River* TUS5~7 2014/9/21 3 34.2301, 129.2105

50 Miyazaki Ibi River! IB10 2017/11/23 1 31.7096, 131.4516
51 Miyazaki Ohno River* DNGL, 2, 6, 15 2017/9/11 4 31.4155,131.3457
52 Kagoshima  Kedo River* KEDI0, 11 2017/11/24 2 31.2959, 130.2836
53 Kagoshima  Mawatari River! BAW20 2017/11/8 1 31.2704, 130.4862
54 Kagoshima  Atsumari River* AT10~13 2017/11/24 4 31.2316, 130.4939
55 Kagoshima  Kubota River* KB10~12 2017/11/23 3 31.2263,131.0120
56 Kagoshima  Ichinotani River* ITG41, 42, 44 2017/8/22 3 31.1632, 130.9701
57 Kagoshima  Shidoko River* STKS, 6 2017/8/3 2 30.4411, 130.5191
58 Kagoshima  Issou River* ISS1~3 2017/8/3 3 30.4401, 130.4724
59 Kagoshima  Shirono River* SIR1-4 2017/8/4 4 30.4107,130.5969

fdata from previous study (Chow et al. 2018b); *including additional individuals from rivers investigated in the previous
studies (Chow et al. 2018a,b); "individuals from new rivers.
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Table 2. 16S rDNA haplotype frequency of 59 river samples of type B Palaemon paucidens.

number of haplotypes (JB)
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10 Shibi River
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26  Fukurogura River
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54 Atsumari River

55 Kaubota River

56 Ichinotani River

57  Shidoko River

58 Issou River

59  Shirono River

0 2N LB W

&~ 0

[SURE S R TV N C QSN )

B W W W W

[N S

BULUNWWERNE—CWLWWAR W, N, S WWNLWWWWWRREL,—~BEWANN,RNN A ZZARAUR N~ WR — B =R ===
Q-

—_ W W W= =N

Aquatic Animals | December 1, 2019 | Chow et al. AA2019-11



IB1.3 (1) M

JB1.4 (1)
JBS (6)
JBI (22)
— JB7 (1)
— JB3 (1)
— JB1.7 (1)
—— JB1.6 (1)
— JB5 (8) — B-I
—JB1.5(1)
—JB4 (1)
IB2 (10)
LC425608
ol | Lefimso)
LC425607
IB1.2 (1)
B55(1) .
851 JB9.5 (1)
JBY (2)
JB13 (1)
P — JB11.5 (1)
JB12 (1)
= ——JB11.7 (1)
; —JB11.8 (1)
F—JB11.6(1) B-lla
——IB11.4 (1)
JB11 (40)
—JB11.3 (l) = B-II
JB10 (1)
JB18.3 (1)
TB17 (4)
JB14.5 (1)
_ IB14 (7)
0.01 JB15 (3) _
JB18.5 (1) B-IIb
JB18.2 (1)
JB16 (6)
JB18.4 (1)
IB18 (43) -

Fig. 1. A maximum-likelihood (ML) tree of mtDNA 16S rDNA sequences of 37 haplotypes detected in
type B Palaemon paucidens. Number of individuals is shown in the parenthesis. Values on branches
indicate bootstrap probability with 500 replications. Two sequences of Palaemon septemtrionalis n. sp.
(LC425607 and LC425608) are incorporated. Type C sequence of P. paucidens was used as a root.
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Fig. 2. Map showing collection localities of type B Palaemon paucidens, in which clade B-I, B-Ila,
and B-IIb are represented by yellow, blue and red circles, respectively. See Table 1 for location
numbers. Affiliation of No. 49 sample (grey circle) collected in Tsushima Island, Nagasaki Prefecture,
is not determined.

Table 3. 16S rDNA haplotype frequencies of groups arranged by regions and clades.

number of individuals in each haplotype (JB)

clade . "1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Hokkaido-Iwate! 14 3 1 1 9
B-I  Sea of Japan? 22 6 1 8 1 6
Miyagi B-I 27 18 9
B-Ila Miyagi B-11 20 20
Fukushima-Kanagawa® 29 1 26 1 1
Shizuoka 25 2 3 20
B-IIb Wakayama-Kochi* 16 1 3 1 11
Kyushu® 27 8 3 16
Tsushima® 3 3

"Hokkaido, Aomori and Iwate; 2Akita, Ishikawa, Kyoto and Hyogo; 3Fukushima, Ibaraki, Chiba and
Kanagawa; “Wakayama, Tokushima and Kochi; *Miyazaki and Kagoshima; ®not included for ¥ test.
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Bt 272D A ¥A7, ZL—K B, 7
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AifiR (PL) LMk (CaL) @kt (PL/CaL)

Z Fig. 3 \ZR” LTz, WTFho 7 L—7T% CL
& PL/CaL (ZIZBARE 72 1E O ERRENR 23 7 5 4,
WA OFER, 2TOINA—FITEB N T
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0.001), HXIZOWTIXFA XA T L7 L—FK
B-Il IZBWCHEE CHREZN R b (p<
0.01), MERERITO CL IZx3 % PL/CaL D4y
% Fig. 4 \TR Lo, BIAIT DWW TImERE &
bIZETN—THTHEZENP RN (p <
0.001), — 5, X ICBIT D AEEETIHED Y L
— FB-1 & B-IIH DA TH 54172 (p=0.008) ,
WO 7V — 7T H/MNEE R TIE PL/Cal
L7272 b B L v A o1x
D MELMERA MBI L S 7z (Figs. 3, 4),
AZATFIEB XA FITHATPL/ICal 25 1 &
2 RN S D 2 VA K E R T I
PL/CaL 28 1 2 5 b Db R 617 (Figs. 3,
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&7 L— K B-IL ISR & HICH B AN
Hi7hy o 7= (Kruskal-Wallis test, p>0.5), —
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B-1 & B-IIl I HFEI/NHEL (p<0.001), A
Z A 7D PL/CaL D RAEIL 7 L — K B-1 &
WHEIZ/NE o7 (p=0.011),

EE

B % A ZVTIN D I 34 L il ElEEE ©
oD T L h b HUIRSE R TS E A 0
W< WEEZ BN TWZ2Y (Chow et al.
1988) . HUBRAYIZ 272 0 BEN 72 SEFHII ClE d
LIESELTND Z ERREIRTWD
(MF & 1993), AL CTIEIABIC R/ 5 2
LU— ROHBIC R 257 1y 7 IChLE L T
WhHZ kK7 L— RNTH MBIz
{ERAETTWD Z &R R TE -, BEMIC
K&ELHMMELTZB-1 & B-Il 7 L— RD43Ai
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Fig. 3. Ratio of propodus length to carpus length (PL/CaL) plotted against carapace length (CL) of
male (blue circle) and female (red circle) in type A (left), clade B-I (middle), and clade B-II (right).
Blue and red dotted lines are regression lines for male and female, respectively. Horizontal dash dotted
line represents PL/CaL of 1.
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Fig. 4. Ratio of propodus length to carpus length (PL/CaL) plotted against carapace length (CL) in
male (left) and female (right). Open and closed circles indicate clades B-1 and B-II, respectively, and
red triangles indicate type A. Black solid, dotted, and red solid lines are regression lines for B-1, B-II,
and type A, respectively. Horizontal dash dotted line represents PL/CaL of 1.
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FRAIE L Z 3 R ZR) 1B O3] AR PE 2 0 D]
JINZIETEx AV T ED AN D <, HICB
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RO EHT B AR & D IR B OFEA
ot A0 ERH D, LITWVWA, BI7 L
— KW, B-lla & B-IIb 77 L— KN THIZ
SN MR O Iz W T, SR
TOHEART ¥ /LVDOIR I B IO, 7]
1 [ 0 BRSO M A FRERE &\ o 7o W BRI 2R
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