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Contribution to Environmental Biology
- This study could help understand the ecology of mud shrimp associated with the reproductive biology and sea water
environment including water temperature.
« The findings of this study could be useful information for controlling mud shrimp in bivalve aquaculture industry.

*Corresponding author Abstract: The annual reproductive cycle of two species, Upogebia major (de Haan
Hee-Do Jeung 1841) and Austinogebia wuhsienweni (Yu 1931), of the female mud shrimp from the
Tel. 063-472-8604 west coast of Korea was investigated using histology. The collected samples were
E-mail. hdjeung83@korea.kr divided into adult and juvenile groups to understand the mature period of age class

based on the carapace length (CL). Juvenile Upogebia (CL <25 mm) were mostly inactive
Received: 12 July 2023 gonad with early (62%-100%) and late (10%-38%) development stages during the year,
Revised: 13 September 2023 whereas the adult shrimp showed a seasonal pattern of gonad maturation (CL>25 mm).

Revision accepted: 18 September 2023 Thg garly and late developmental stages of oocytes were observed in adult Upogebia
from November to March and mature eggs appeared from April to October. In adult
Ausitnogebia (CL>15 mm), fully grown oocytes were consistently observed during
the study period, in which the ripe stage was found between January and June. On the
other hand, most juvenile Austinogebia (CL<15 mm) maintained an immature state in
the gonad. Both species of the mud shrimp reproduced from ovigerous females in the
adult population and their egg-bearing period was distinguished from January to April
for U. major and from July to September for A. wuhsienweni.
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25+ 72 (Order Decapoda) 43} (Family Upoge-
biidae)oﬂ + #A4F=E A YA FEio S
uFal *3%3}”1, = o8 s FAAMA R7lee A
Alot= /& A2 (suspension feeder) 2 ¢2A Slct
(Hornig et al. 1989; Kinoshita et al. 2008). 23t (Family
Upogebiidae)i= A AIAIHC=E 1700] Zo] Aokl gle
™, S-2uetoll= & Upogebia major (Kim 1973), 4 U.
issaeffi (Hong and Lee 2014), 85 °F% U. yokoyai (Hong
2014) ¥ 7tXout: Austinogebia wuhsienweni (Lee et
al. 2014)°] A, Faliete] BEsHL Q= Ao2 HAEQ]
ot &7 AES Y5 —E—Oi‘ﬂl‘ 22 (burrow)= 3l

& T Aot f71E9 T HEe] HAEY £

R S *}ﬂ%i’_a}(bloturbatlon) 7151 o2 AES
NAle Mz AAAE Algshe Aeigotat dg= @
T} (Rowden and Jones 1993; Kinoshita et al. 2008; Hong
2013). ZLeu, vt EuEte] AR A o= A
=73 Wtz QIR £70] WAl tisF S7h= dsf Bhx]=)
=0 22 A w7 Ao Aibde Adfchs ¥ddew
FE9Y Itk (Dumbauld et al. 2006; DeFrancesco and
Murray 2010; Hong 2013; Song et al. 2019).

20129 =4t o] A Hiale] =, £-p 9
2yt Asfich A (A~ E) o] vpr=r A B 1
ZZHjofl AAshH, 53] S A9 2] Aol £ AAEx
A7t =A EFTH B IS CHNERDI 2012). &
o Hgo] Fu AHL G vt TS Saote A
¢ A o2 e o, 201049 o] F I W
2 A7) 545] FHtEof vl Agte] old e A
A = 3Ack 20129 =HpAERo] o] o] Tt A
AAHE 2ARE AT, 0] 12675617 m? BEE 3
She 23] ARolls HhA o] AAlstA] ¢ RHH, HEA]
2to] AAsh= 21| S50 SHE- Atolofl= o] 5~557
m” {2 SHdS HAIsto] Bix|=ia} & Ato] o] A4
A 1t 747o] - & SHRISFATH(NFRDI 2012; Song
2017). ERL, & A Ao mhg HpA|2h oFA HJOH s
20119 7] A9t 12,319 ha®l HEAIZ F41F 5 5,126
ha (41.6%)°ll Z50] AAs}od, HEA| = AT A %4—8— 1359

ol

Jk& e, rl

o2 ZAFE|ITHNERDI 2012; Song 2017). £2] o]4}
SAS Sidst] S1et Weter ELEE o83t A 7
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o

< (Hong 2013; NFRDI 2013, 2014) E+= HEX]2E F41%
LH o]_:_ :rLz (M—;q- o]}_;ﬂ-q) _1:_)_0_ /Hj]g]_oq AH
= o9l £9] 71& A7 = AE= ot 9o
Lt (Lee et al. 2019; NIFS 2021), *P%ﬂ ook A &
O] A Aoz 11 &7t mjH|Rt Ao 2 o AR 11 Qi upef
A, BRI A= 101 et nklS oAl ol o
Fog AAlsk= 219 Y| Rrds, HA F7)(A5, T4
7], mhed), A H A4 % ol thigh 71x At
Trgo] Haoirt,

2470 HAL AR FS AlLlotal AF-FolA| R Ad&Tt

A 5

f

T1ey; o590 WA A4 —‘—(spec1es)l4' /\1’47\103.01] wt
2} Al7] 9 Jpgo] thefgto] HE| Qlth (Hong 2013;
Kinoshita 2022). $-g|uete]] AAsh= 4570 HA EAAS
AmEH, S HISE ofgke] Ao AAlshe 4 49 9f
ag 2@ A7)19F 27 (Yu 2011), 3} 7HAlojaR4 o]
817 (carapace length, CL) 27| A|4] Zlo]e} of= 7

Aol 27] %47 (Song et al. 2019)°]l =gH=]o] Qlof, £9] o]
A A AT T2 AESH EAJWSE AYsh] o
& AFolck, wrebA, o] A7 Asferol A she 43

MICIES] WAt S PR Sl ek o
olgate] AL TETAE

%, % 71 B R ZARNe] B % 7 2
RN g 9T 12ARE Bectat Y

EE

AL 7] AL AFEH 2 (U major)2 SHHE B
FH, 7FA o0t (A, wuhsienweni)= S HE 4
o 3] ool mef| ZTtoll A A AT (Fig. 1). Al
EQ jﬂ;‘g% ;q];d—g 7(HXLQ_ 2101(11721 150 mm, 710] 1m)

E A4S ol8ote] 20159 195 E 129712 wf g AA]
sholct. A E Alas dAdE &A%t o, 8 F=2sh
a1, A A A ] FE (CL& S48k 24

o AHE AAEE £ 180714, 7HI Bl 26771415
ARG (Table 1), WA AF 52 WMokt oo
2A190) BEPEs0] ARE ol8sie] Fig, 20] LEH
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Fig. 1. The map shows the sampling areas of mud shrimp on the west coast of Korea. Upogebia major and Austinogebia wuhsienweni

were collected from Boryeong and Hongseong, respectively.
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Fig. 2. Monthly variation in the average sea surface temperature
near the sampling sites in 2015.

THKHOA 2015).

AZo] daH AlZE Davidson’s TN 48417 31
7101 of[ehE o]-§5to] gpatiith. g AR
5 23 A4 24 Afole]l 1 em FA= 22 ©H

et &, 7 25 24 2okt (Fig. 3).

=
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RM2235; Leica, Germany)= ©]-85+°] 6 um F7] = HF&st
At B % A=+ Harris’ Hematoxylin?t Eosin Y= H]
o HMoto], A A HIAAE FeFAR] 7 (Axioscopes;
Carl Zeiss, Germany) 2= ¥H5QITh £ 7hA|o|np:
o] BA 4 Idg A= F834Y] A7|E wHste] £2 25
mm (Kinoshita et al. 2003), 7FA]0|714-2 15 mm (Song
et al. 2019)E 7122 & 7} (juvenile) 2} A (adult)
& JEoto] BESHTE A4 A WEHAE Perdichizzi
et al. (2012)9] WHS A7 HYsto] Z71EE7] (early
development stage), *7|'4&7] (late development stage)
oF 2+=27] (ripe stage) 9] & 3THAI= 5131t (Fig. 4).

AF7IZE B AN O] BF 22 28] 7.1°CY]
22 25 UElom, o] § A o & AF55to] 8ol
F 3 2 25.9°CE 71 =t (Fig. 2). & A A7 A%
oto] ERo| mghS Zh= A7) 195 E 59717 T

=
o
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Table 1. Sampling the number of two female mud shrimps, Upogebia major and Austinogebia wuhsienweni, which were used in this study.

Upogebia major Austinogebia wuhsienweni
Month
n <25mm of CL >25mmof CL  Ovigerous eggs n <15mm of CL >15mmof CL  Ovigerous eggs
Jan. 20 7 13 o 24 19 5 X
Feb. 19 9 10 o 28 15 13 X
Mar. 14 4 10 o 23 17 6 X
Apr. 18 12 6 o 23 22 1 X
May 18 " 7 o 19 19 0 X
Jun. 13 8 5 X 21 20 1 X
Jul. 4 0 4 X 19 19 0 ¢}
Aug. 19 4 15 X 22 18 4 o
Sep. 9 0 9 X 23 15 8 o
Oct. 10 2 8 X 27 17 10 X
Nov. 17 1 6 X 18 14 4 X
Dec. 19 10 9 X 20 10 10 X

CL, Carapace length.

U. major A. wuhsienweni

1 cm thick
cross section

Fig. 3. Schematic diagram showing the process of preparing mud shrimp histological samples.
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Fig. 4. Photomicrographs of the female gonad developmental stages in Upogebia major (A-C) and Austinogebia wuhsienweni (D, E). (A and
D) Early developmental stage, (B and E) Late developing stage, (C and F) Ripe stage, Lv, Late vitellogenic oocyte; Og, Oogonia; Pv, Post
vitellogenic oocytes; Scale bars: 200 pm.
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Fig. 5. Monthly changes in the gonad developmental stage of female Upogebia major and Austinogebia wuhsienweni by carapace length.
(A) The developmental stages of adult U. major, (B) The developmental stages of juvenile U. major, (C) The developmental stages of adult A.
wuhsienweni, (D) The developmental stages of juvenile A. wushienweni; N.S, no sample; CL, carapace length.

EQloH, Bt 22 7.1~15.2°C HIE HElTh o]¢}
g, 7 olnpE2 79 E 9d7bA] A ANA7 ROl
SJEFS 2l glon, Bk 22 23.0~24.2°C HAE
UeERth ol= 7 Fo 77T 4 Adssto] At Be A
AR of] =2 WAL 7Y A717F 20 Y H=
A AL Qe AIAFRITE

Lt ZhAlolubE oA AA| 0] A AE T F BE T
4 BolA 5%0 BHRE wet 2, 9 g o] AA A
FE o] 9o (Fig. 3), 44 offioll= Aol (digestive
gland)°l] 1AI5kL Qlek. A4 W AAA 27} dEeh
of weh, Lt A oluL A A O] AP @2 gl of
A Qx| o 7 A4 0] F7]9F Mol HMItTL v
ATt &3} TpAjolnph o] A A A FEeF Y3 = A2
(Decapoda) @] 7FHoFH|5HE- (Axiidea) 4414
ot FAFSHA g o] A A7 Tl BES o
Al A7 FEHE 283 AoH(Kang et al. 2008; Souza et al.
2018).

H s AAsh= £ BA40] 224 e At

b B BN ELAE =

(L)) 271e] whet At ofdl AR o] AL

=

r
i

N

N o

Loog

athA 9 A717F P E I (Fig. 5). T894 25 mm
olFe] Ao Al A e 1197 E] 0|55 3¥71A] =
7179 S A7) 7} 72.7~85% A E AT (Fig. 5A).

HE 6, 10€] A £2] 87.5~100% 7HA7F
AIAAE W AsE G 20 Sl 712 IEE Q.
797 9ol HHHE A= F A AA o] HYEA
oFop A&l A dhd Al = e 4= glgloL, o] Al7]9] &
AA A= thigol 45 I8 2= g712 44
t}. Kinoshita (2002, 2022)2} Song ef al. (2019)°]] TH=H,
QA £:2] A A Zlol= BEOIA 1~2m #9122 Lol A
Alsh= Ao g Byska gtk £3], B5 4-20] 25°C 0|
GO R A5t o5 Eole BH9E mdll A £o] Z2
=402 o]55}to] (Hong 2013; Song et al. 2019), *15-4
A= AH34 0] o2& Agsteint. whebA, o154 3 74
Aol 72 =4 o5 o= 787 98 Alm A Al A
NAZE A=A 2 Ao s AlmErh T4 25m
olote] ofd & A4 WA= 5D AYPH A7
Aol A 24571 (14.3%)7F T =] QAT (Fig. 5B), H4-
o] 7|17kl A 2712 7] (61.5~100%) S YEFATE A

=

BoAr =
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Fig. 6. Photomicrographs of eggs of Upogebia major and Austinogebia wuhsienweni during the embryonic development. (A) The early
developmental stage of U. major embryo, (B) The final developmental stage of U. major embryo, (C) The early developmental stage of A.
wuhsienweni embryo, (D) The late developmental stage of A. wuhsienweni embryo; CE, compound eyes; EM, egg membrane; ES, egg

shell; OA, organ anlagen; Mx, maxillipeds; Y, yolk grains.

—

o] AL 198 Y 49714 QxS H 85 4 TF5
o] 26.57 mmA 2™, T 25 mm ©]ote] o 42
AYAA O] A Adyo] AEER] SkE Ao R m|Fo] B
S wf HA]of] Fostr] ¢f= Ao 2 Atz Lt

W, O] M| zE o] ZES] dojut Z]He] FAE|
A AR A7] B2 (pre-nauplius) T (Fig. 6A)
o AL o] Fp7} A E o] 7| (+w, T4, 4 Erhe)
o] YA 7] LZ2]%2 (post-nauplius) TAI7F T E]
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%At (Fig. 6B).

2 el AAlehe ZHA olatZe] A4 W THA
£ & Zo] £F37Fe] A7)0l uket AL} of
et A e} A 717F FEE QAT (Fig. 5).
mm ©1/3e] A 7HAolupE o] A A= 119 Aeh
g RE o] Al7]of] AN E F&E FE 2 577t
57.9~100% TE = AT (Fig. 5C). A& AF A, BHof £
EHE HESHe ofn| ZhA|o|npES of R 795 H 9
A7pA] PEE| Q)AL o] A|7]9] AgA] ZHA|olapge] A A A
+ 7] Bv $71827]9] 7iA|7} 38.8~42.0%, 5717t
57.9~61% W= It 2T HS5H= A7)
A ZFAloJut: A A A= 7] 7] (indifferent stage) $1°]

o



& Al Aite {19t AR Aol 2|52 0= o
st £} g2 7hAoui2 B (4~69) o] AR S
ol g S HESte o5E (7~99)0] F A=
SIE QI K3t o], ZHAJolnto] Q2 7] leE
2]-9-2 (pre-nauplius) @42} (Fig. 6C), ¥7] k&9
(post-nauplius) TA7F &= Stk (Fig. 6D). ©|et 22,
FEA 15mm ©J5He] o ZHA|ojmp o] A4 e
A= Ss717F T 497 695 ARk, tiFEo
27)9} 5719717} 87.5~100% S WP TH(Fig. 5D). =
S, 783 9d O] Alm AH wHAofl A @ xehS HEsh= 7t
Alofafo] 4 Fg3A7ol 18.8 mmE, FEU 15mm
o1oh il Zbjolodke: Wl Felob) g Ao 4
ZHt 2o 493t 6ol =2 HlEe] S=r17h
ofel Aelvt o] BAA BHEAL Ao AL
R@4 ANl olgt 23k o] AJ7]o] digt 2714l
At Bag Ao AmE
45.0] 4 4% B A% 371 SE A7) Bl 9
(age)oﬂ WA AA7F Q= Aoz HuE1 %E}(Hong
2013; Kinoshita 2022). Kinoshita et al. (2003)2 42 =
7 49t9] Shinhama Lagoon®] A|4]5t= £4:.9] 4FbA7]1 & =
Abet AT}, FHAF 25.0~34.4 mmE ZHE AE AHAl
A Qatgto] 1297 E 597kA] WEEM, o jA7E A
S5to] 4beho] Zroish= dl 3171 (294 ol4h)ol Ba
Stral B skeinh T3, 2{A0Fe] Vostok Bayell 4415t
&2 T @~5)ol YxTe e AH AT
o, W A]of oot X4 A2 2ol B arsteirt
(Selin 2017). o]et @2, 1229 ofAlsHol AAlst= &
(U. pusilla) FE3370] 24 11.5 mm (B 14.7~16.6
mm)E 2= 194 7ol &S H5sto] 4lgtof 3o
o o QoA B ATSHIT (Kevrekidis ef al. 1997). -FrAFSH
A, otz e7te] ﬂﬁﬂoﬂ A sk Ao AAsh= &
(U. africana)< 554374 12~17mmE Z+= 1,584 A
o] 55 oJE7IA] ARES Sttt B 1519t (Hanekom
and Baird 1992). Wb, 9-2juat AsiQte] B &
A AlSH= i(U ma]or)% Z577 25 mm °A, A
o] ZpAlolut&-2 = 18 mm o4 AdAstale of ¥

Ao] ZFefsi, "1*% oS HS0e A7l &o] A

—
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o] Ao ekt Asete] AAsh= &
major)Zt Z7FA|O1UHE (A, wuhsienweni) Y] AF @
F71E 22 Ui o]-gsto] ZARSEATE AHHH Al
B A5 o ds 2 HAEE 2po)7t QA got
H7] 91o) F577 (carapace length, CL)Z 7|22 /4
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