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PRI, SESD, IR0, BTV, RO E OMEIL O H AT St Ca AT F T -20C TH IR L 720
B OPRER TR NEER A A OFET (T & hitiEifddkm) TH- 720 KR F
AL DL, 20134EFED 7 LHRIFIII8IT R TH Y, FOMUILIL BTKERM YL » & — B LU
PPIICHE SN (Table 1)o 2095, SR LY TROBMBIEIZI9.THRTH 720 7B, KHIIIK
SRORGFNALR N ESET FAL G O, ZZERMHITEREF A H 1 2 ASED 6 B & 5859 2 KHJI Rt ifsEm
LA, SR &2 E 9 2 KAIEER RS, =802 E5iE4 2 Z@)IINEEREMETH D,

MRB KOFE

20134 IE VT NDHAIZ BT H RIKHE 7 ZORMBGIIZT b T2 7z (Table 1)o
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Fig. 1. Map showing sampling locations of ayu at the Ota River.

Table 1. Release number for stock enhancement of ayu at the Ota River in 2013

Otagawa fishery cooperative society

Otagawa Joryu fishery cooperative society

Misasagawa fishery cooperative society

Minochigawa fishery cooperative society

Strain form Origin Amount
Hiroshima City Agriculture , Forestry .
Hatchery and Fisheries Promotion Center 786,000ind 3.444kg
Fushinogawa river 10,600ind. 700kg
Hiroshima City Agriculture , Forestry
Hatchery and Fisheries Promotion Center 2,800ke
Hiroshima City Agriculture , Forestry
Hatchery and Fisheries Promotion Center 700ke
Landlocked form Lake Biwa 1,500kg
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S E EER Sr - Ca thkaiR

EEE TR CIRE L 22173RICOW T, R, fRE, TEEMBILE (Ef), MR E)ip e (g
USRS S M) 2RI 720 SO ICHEREZ HIBI L 72, AlE R % e L, AR ERIRE (GSD
ZEW L7 20 BEELAIIE L7275 ICOWTIEA (RFEA) /L, KESBE~A 707
S AHF— (HARBETHIXA-8200%, HAET) 12X 5 Sr: Calb#ricfit L7zo JRBHKMERM Y > ¥ —
ko NTAEW 792 (RE2.8g) (oW X FHMMILE () #8i5EL, 102% HA Sr: Ca lboir
AL 72,

HA S Ca b AT H A L b EEFBICE LI 2T, BRI AV yaeAx o rFy
L DWEEBAL % Tz DWEMTIEEF S (2001) 1IZHEL, HNT T E A NTYF 7 A0 X EHREDR
BEEAL (FHEE%) &, FNZN CaSiOsB £ U SrTiO % R EHI Fl WV TR 2 1R L 72 HA Sr: Ca
Wi, AV 2T HA MO F 7 ADBELZICHE L b0 & Lz, 72720, #b L8R (3%,
2001 ; Tao et al., 2008) %A 3 A MHMAKIC OV CIZHEEH R HA Sr: Calk S IEH THh Wz (S,
2005), SHTIIFT DR Ao 720

BRELVER

IR T CHRAE L 721 73R OV HEATSS RS, MEDSS8RR & 2 Y, 13 & A X OMEED ) Uk il g 7%
BIE AR LTz, F72, GSHIZMED I T7.58, MEiC12.6% 7R L7z KEJINZ B 2 TH-AFAEIC &
B &, EREINS S A S LA LRI S TR0~ 11ARgTH L L) (T
B, 2006)0 Lo T, AWETH L7 LIGFEEREICEM LG EINETH -2 L2 SN,

KENNZ G S 7z NTHER 10RO HF Sr @ Ca i 247 o 72468, HAH 02 5300um F T5~6Hi{4
FHB L, ZOH%, BRPI2MHBETCTRT 237 — > 2R 172 (Fig2A). —7, EIHOTSEIZOWT
HASr:Calbxm#i Lz h, EEMMOF v — F/3F — U3k Lz NTHER & —3 L 72k s
(Fig.2B), 020 5500~600pum ¥ TS~6RIAZER L, ZO%, 20HNTRET 588 — 2 2R3 gD
oSNz (Fig2Clo BED L) T v — 87— i, KBEFEHIORET7 2 (1LAKRS, 2008) Db
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Fig. 2. Electron Probe Micro Analysis profiles of otolith Sr:Ca ratios of ayu.
A: Hatchery-stocked (produced by Hiroshima city agriculture,
forestry and fishery promotion center)
B: Typical chart pattern of hatchery-stocked ayu in the spawning
population
C: Typical chart pattern of amphidromous form in the spawning
population
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DEBELL TWiz7z, S OEMIEKRENNIHE L L7z KR 7 2 L WiE L7ze B Sr: Ca lbairicdeo
X, FEUIEETSRIG A THE AR T, RIKT 205542 C, FEIIEEADO N THETE DOIRAKIZ28% & % - 72,

— R, RIRT7 O T MBI I L AP IER TH DA, NLHE IR L2 EE» S GEH,
2002 ; FEHE - 4K, 2003) o AN S 22 AE R 79I DWW T, FHBFILE ORI E T 722 25,
EHFE (FHBRILEDAxI8TL) 1324% (18/742) TH o720 TIUIH LT, KIS HEE T CHRE S
N2 EYRRED T HMAILE O IE# F1266% (115/173/2) (23 L7ze BEIFFICII KRR T7 22080 EE&Eh
TWBLZENIDPDR Do

FEPRREI 3RS O W TR L T B st B2 fro 72 & 2 A, #iBIZ13~268ck 7 572 (Fig3)o AL
FEFE IR T L & WD & IR F RS 850347 { (Nishida and Sawashi, 1987 ; A& - H1)Il, 2008 ;
B, 2011), IRETKERM Y > & — CHEINZHT CIXITUT CH L (L ETTREFEOCR BMOKEL
IKFERR, 2013), FEIRHE173J21Z 8B W CHIME L BEF B AT 1 TR T ok &2 A TR L e 5 &, AT
TEHATS3E, KART LA20R L HEE S, EEINTEANO N T ORAZEII31% L ko7,
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Fig. 3. Frequency in number of scales above the
lateral line in the spawning population.
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W EIREAASR NIRRT AT IUT A TR LB HE L CLE ) TREED & 5. KO 7 LI OH
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Discrimination of stock origin of spawning population of ayu
Plecoglossus altivelis altivelis at the Ota River, Hiroshima Prefecture

Kazuya Kopa", Chiharu Tamamorr”, Kento Goro”, Masaki Yamamoto®,
Y

Sho Takavama® and Tetsuya Ummo"

YGraduate School of Biosphere Science, Hiroshima University, 1-4-4 Kagamiyama,

Higashi-Hiroshima, Hiroshima 739-8528, Japan
YFaculty of Applied Biological Science, Hiroshima University, 1-4-4 Kagamiyama,

Higashi-Hiroshima, Hiroshima 739-8528, Japan

YHiroshima Environment and Health Association, 9-1 Hirosekita-machi, Naka-ward,

Hiroshima, Hiroshima 730-0803, Japan
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Fisheries Section, 1-6-34 Kokutaiji-cho, Naka-ward, Hiroshima, Hiroshima 730-8586, Japan

Summary

Stock discrimination in the spawning population of ayu, Plecoglossus altivelis altivelis in the Ota
River, western Japan was conducted using number of scales above the lateral line and otolith Sr:Ca ratio.
Chart pattern in otolith Sr:Ca ratio of hatchery-stocked ayu was different in amphidromous form. Based on
chart pattern of otolith Sr:Ca ratio, mixing ratio of hatchery-stocked ayu to the spawning population was
estimated at 28%. Number of scales above the lateral line of spawning population marked from 13 to 26
(n=173). Based on number of scales above the lateral line (hatchery-stocked ayu = 17; amphidromous =
18), the mixing ratio of hatchery-stocked ayu was estimated 31%. Consequently, the contribution ratio of
hatchery-stocked ayu to the spawning population was around 30% at the Ota River.

Key word: Plecoglossus altivelis altivelis, Spawning population, Ota River, Otolith Sr:Ca ratio
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LEEXBITREICE TS D HHIE Corttus sp.
(middle-egg type) O [E|12[EFEDHETE

EATH L - R RER - MREPR - AT TR

D R R A BRI FE R, T739-8528 JA I BUL F T 851 111-4-4
D B R R A, T 732-0052 [ BT HIX GHT2-10-11

E B  LBEKHEIINTROSEEE L CRES N8 D Bl o E %, HA Sr:Ca 57
A & o THERR L 720 MR 0 THRAE L 7224 R O H A Sr:Ca I EBHNIIE <, MR-
TP L72e £oT, TNOEOMEKIEIRERITH L EWETE /2, —F, @il RiIZAERLT
W UVERIERTEITH 5 720 B DA FRIIEN, Al#E NS — I L CREEE AT S L TRE
WZHES L TWA EEZ B,

F—T— KN ORI, MIEEERE, 42l B Sr:Ca lt

1

HIOMEATHA D HEA DA SN D HARBATET, WPHEER, JUNO—E% Bk < H ARG Mo
JINZIECAEBLTWS (1R, 2001), [&EBETFO—MMINIBWCiE, AN, KEJI, FHHEB L OV
DITHEBIHER SN TS (LERSFHE RIS, 1990 : KHEIKRAEWHE A AEZ B4, 2005 ©
2015)0 AV HINFAFERB L OIIOKRE 22 LY, WA O/NIIE small-egg type & HJIE! middle-
egg type B L NI JIIFRE B KINTY large-egg type DIFENAFAET 4 (12, 2001),

B YA EMBOBEKINE T L7 SR 5 T D 7, IR E IS X > TZE oA RIEIEHIR S 1
A (FAK - 40, 19925 KK S, 1999 ; #H, 2011). Zo 7=z WmlaIEEED # 2 H IR o A BEUL 2 E
N2 FH LM LTHBY G, 2011), BEAOL Yy B A b CRHEMARIBE LBEROL v Y
A N CIEAMEER TEICIHE SN Tw D GRS, 2012 IKEE, 2012).

VAR, @ LIAEROEGA Ny F AL S VY Y AOkHE (B SrCalt) 4§ 2 2 & Tl L
NG IE & FREEE S 5 BT AYEE L7 (KAT, 2010)0 SOFAMMIZE o T, # Y HIETH MM T
BEAEEO—HAERL o> TWD 2 LR, [H—fEATRIBEEARR: & FEREEEAREAINC L 2 L 2 EPHL NI o
T2 (Goto and Arai, 2003 ; Goto and Arai, 2006 ; [ 5, 2011 5 ## 5, 2015). F72, HA7 Sr:Ca lbo
NI K o TSR S AU, DA S L7 fE R [ O et 72 & O FBINEHIIAST e Cd 5 (ifF
5, 2015),

AFZETl, JEEBRKHENINIB) 25 P RIIRORED -0 OEBNMA 255720, KEOHH
Sr:Ca AT & o TRINITF B B 2 MBEERE 2 2 L7z £ 72, IR S 25K NN A BT
B H T RPN G2 B B A EE LT,

i

MRE KUFE

#HAa
T B L B 2 KHD N8 [ S AE103km,  FEIsiIRiAE1,710km> O —F%T ) TdH 5 o Hit A DOIREIL2014

20154F9H9H =8 * E-mail: umino@hiroshima-u.ac.jp



8 AATH L - MR - IR - AT

130(E 135E 140E 145 E

45N
40N
Japan Sea

Pacific
Ocean

35N

i{ l
? Study site

Fig. 1. Map of study site. Sampling site and Takase Weir located on lower reach of the Ota River.

FEAHITHZ, KENETE2 58513.6 km OS2 5 EiEEO Fift (5B HZEREEARMEK) BLOT
it UL BTHREREXNHIX) 12 TEM L7z (Fig. 1o M2 54#913.6km OHTIZ, {HK - FIAK -
SRR OTE A HIICER SN HET, BEROMED2 7 FrilE# ST,
HAMARET 2 1CH Y, WEEO ERICERE (75m), EFRICEZMAE (16 mY) ORER %%
3720 REICIREHEEZHV, ZRENOHEXIZE VTN TIRZ05 M ORE L 17> 720 FAHAL Y72
D ORI A D 1S, BV RIIROEREE GHEEAR/ m*) 25H Lz HEARE B I
REBIOEEWELZHZIC, =87 —)VTHEEL, B SriCa lbotricft Lz,

Hf Sr:Ca kb

WELH Y IS EER L DV RPAEERE L, BAoMEA I3 5912274 K77 A R
R¥ VMR (Epofix, Struers #1#) T@H L 72, Wi, HAOE#EHET 5 F T AKMIER (#1200~
2400) THE L (Struers S5629), HALMIZlum D% 4 Y€ ¥ F_X— A N CHER = §t 2L 72, i
WZH =Ry #EE xR 2 RESTI~ A 207 55 49— (HARETE IXA-8200%, HAET) 12
fitL 7z,

HA Sr:Ca lLaiid, HAWGH O EMFDICELH LTI AT, BB HEA oAV 74
LA NT YT AOWREE R, DTSSR, E S (2001) (CH#EL, CaSiOybB X U SrTiO, &
EHEARHI VTR (EE%) 2ROz,

BRBELVUER

IR Ly CS R, EUENE TR C20M K, GRSk A D N A PR L7z $RE S N z25 A0
AR CPFE £ F2) 1356 £ 18 mm T ), #HiPHIZ37~120mm TH -7z (Table 1), B L 74K
Bad L ICAERBEAEH LR SERI ) R TIZ007E /m’, SEEO TR TIZI2IE / m’ s -
720

TR X 0 T ORI S o 20flfk (flEfkF 5 D1-20) OH A SriCa ik, A FLET3.0~4.0% R L,
FERAITLE2.01 2 F T T 5788 — &R L7z (Fig2). BEHt (Goto and Arai, 2003) |2 LU, #I7
PO H oA Sr:Ca tbiE, MK T24 ~ 34, RAKH TI3~18%RTEvH, 72, MEOAYF)
Cottus kazika TIEHERD S HFKRNOBITHIZB W CLIFBZEOMHEE/RT (WES, 2011). Lo T, EiET
TR S 2o 2 RO AR X [l #E R T A B T L SRR S Tz,
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Table 1. Fish 1.D. with sampling environments for the Cottus sp. (middle-egg) type used for otolith Sr : Ca

analyses
Fish ID Stand(?lrl(rinl)ength Body (\g)eight Sampling environments Liffznr?%(ie: ?;i?;zt:d
Sampling site Depth (m)  Velocity (m/s)

D1 46 1.8 d"“%ﬁg::%’li the 0.3 0.8 Amphidromous
D2 50 0.2 - 0.3 1.2 Amphidromous
D3 57 35 - 0.3 1.3 Amphidromous
D4 77 8.7 - 0.3 0.8 Amphidromous
D5 72 8.7 - 0.3 1.0 Amphidromous
D6 55 32 - 0.3 1.1 Amphidromous
D7 53 2.6 - 0.3 1.1 Amphidromous
D8 38 0.9 - 0.2 1.3 Amphidromous
D9 44 1.7 - 0.2 1.0 Amphidromous
D10 53 2.5 - 0.2 1.0 Amphidromous
D11 40 1.4 - 0.2 1.0 Amphidromous
D12 42 1.2 - 0.2 1.5 Amphidromous
D13 38 0.9 - 0.2 1.5 Amphidromous
D14 37 1.1 - 0.2 1.5 Amphidromous
D15 43 1.5 - 0.3 1.0 Amphidromous
D16 53 3.0 - 0.2 1.1 Amphidromous
D17 63 4.3 - 0.2 1.3 Amphidromous
D18 59 4.9 - 0.2 1.2 Amphidromous
D19 46 1.8 - 0.2 1.3 Amphidromous
D20 61 52 - 0.3 1.2 Amphidromous
Ul 62 44 “pp;;ljg::\“;,;f the 03 11 Amphidromous
U2 120 36.8 - 0.2 0.6 Amphidromous
U3 89 18.8 - 0.3 0.8 Amphidromous
u4 49 2.5 - 0.1 0.5 Landlock
us 63 4.6 - 0.2 1.2 Amphidromous

R L0 Bi TR S SR O 9 B, Udk B 4RO B SriCa Hid, 200 - 300 pm 1235\27C3.0
DLERER L2, WAL, U2 CRLORB THER L7z (Fig2)o M SHE L CTHRE S N -4k
XTI Cd D & & DSHERR T & 720 RO L CRE S NSO D B, U4OHH SriCa FLICIZEE WA
LREBREAHTRO ST, #Uh, 200ETHEB L. 20720, UMIERTITH D LTSz,

RHENT R TR S L7z 2 IR B2 A O B A Sr:Ca o Hr o5 R, 2408413 [l A o 4 1% 1 %
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type) from the Ota River.
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The migratory histories of the Cottus sp. (middle-egg type) in the Ota River

. 1 1 1 . . 2
Atsushi Tsuyuki”, Ryuma Okazaki ) Tetsuya UmiNno ), Kuniaki TAKESHITA”

YGraduate School of Biosphere Science, Hiroshima University, 1-4-1 Kagamiyama,
Higashi-Hiroshima, Hiroshima 739-8528, Japan
DFukkenn co. Ltd, 2-10-11 Higashi , Hiroshima, Hiroshima 732-0052, Japan

Summary

The migratory histories of Cottus sp. (middle-egg type) were insighted from ontogenetic changes in
otolith Sr:Ca ratios. We sampled 25 fish in the upstream and downstream of the Takase Weir in the Ota
River. Twenty-four fish were categorized as amphidromous form whereas one individual caught in the
upstream, showed landlocked life mode. Intraspecific variations in the migration pattern recorded for
Cottus sp. (middle-egg type) suggest a plasticity strategy for diadromous behaviors.

Key words: Cottus sp. (middle-egg type), Migratory history, Ota River, Sr:Ca ratio
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Studies on ecology of marine chironomids in southwestern Japan
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Abstract Ecological studies were conducted on marine chironomids in south-western Japan. A total
of 20 species was collected. For vertical distribution, only a few species was distributed only at high or
middle intertidal zone while many species were distributed only at low zone. For substrate preference,
some species were collected only on rocks or in mud while many species were collected only in
seaweeds. For geographical distribution, a few species was collected only in the southwestern islands or
in the oceanic coast in the Japanese main islands. In contrast, some species were collected in the Seto
Inland Sea and the oceanic coast in the main islands, in the oceanic coast in the main islands and the
southwestern islands, or in all areas. For seasonal emergence, Dicrotendipes enteromorphae was
collected only in summer and autumn, and Semiocladius endocladiae was collected in all seasons. Other
species were collected only in autumn and winter, or only in winter and spring. These results suggest that
many chironomid species with a variety of lifestyles dwell in intertidal zones and have some important
roles in the ecosystems.

Key Words: sessile organisms, chironomid, distribution, intertidal zone, seaweed

INTRODUCTION

Chironomids (Diptera: Chironomidae) are one of the widely distributed insects on the earth (Nihon
yusurika kenkyu-kai, 2010). Some species live in marine habitats such as rocky or sandy seashore.
Several genera are specialized in marine life in morphology and/or ecology (Wiederholm, 1989). Many
studies have been reported mainly on taxonomy (Tokunaga, 1932, 1933, 1936a, 1936b). However, there
are only a few studies on ecology (Hashimoto, 1975; Sunose and Fujisawa, 1982).

In this study, marine chironomids were examined from ecological viewpoints such as vertical
distribution on the shore, substrate specificity, geographical distribution and seasonality, and the

relationships between ecological and morphological properties were discussed.

MATERIALS and METHODS

Study area
Research was conducted in the southwestern Japan, including Honshu, Shikoku and Kyushu Islands,
and southwestern islands in 2004 - 2006 (Fig. 1). A total of 22 sites was investigated.

Accepted on September 9, 2015 * E-mail: kawagogi@hiroshima-u.ac.jp
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Fig. 1.Map of southwestern Japan, showing 22 sampling sites.

Sampling

A variety of substrates consisting of gravel, sand, mud and attached materials or sessile organisms
on rocks were collected at 3 vertical levels, i.e., dried-up zone (high), shoreline zone (middle) and
underwater zone (low) at ebb tides. Collected materials were transported to laboratory, transferred into a
plastic container (®15cm>xH9cm), filled with artificial sea water at 6 cm level, aerated through a small
filter (Roka boy mini, Gex, Osaka) and covered with nylon mesh on the top. Emerging adults were
collected every other day for about 2 months. In addition, swarming adults were collected by nylon net,

and resting adults on the rocks, etc., and attracted adults to various light sources were collected using
sucking tubes.

Identification

Male adults were mounted onto slides according to Sasa et al. (1980) and identified based on
Wiederholm (1989), Sasa and Kikuchi (1995) and Nihonyusurika Kenkyu-kai (2010).

RESULTS

A total of 20 species was collected. Among these, Pseudosmittia sp. is possible to be an undescribed
species.
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Vertical distribution (Table 1)

Only a species, 7. nemalionis was collected only at high intertidal zone, and only a species, C.
yoshimatsui was collected only at middle intertidal zone. As many as 11 species, e.g., C. sefonis, were
collected only at low intertidal zone. Six species, e.g., T. japonicus, were collected at middle to low

intertidal zones.

Substrate preference (Table 1)

Three species, e.g., Pseudosmittia sp., were collected only on rocks, other 3 species, e.g., 4.
tuberculatus, were collected only in mud, and only a species, 1. nemalionis, was collected only in
clusters of sessile organisms. As many as 9 species, e.g., C. sefonis, were collected only in seaweeds.

Three species, e.g., T. japonicus, were collected in both seaweeds and sessile organisms.

Table 1. Vertical distribution in the intertidal zone and substrate preferences of marine chironomid species.

Intertidal zone Substrates
Species High Middle Low  Rock Sand Mud Seaweeds (ﬁg:;?sl:i
Orthocladiinae
Clunio setonis Tokunaga O O
C. takahashii Tokunaga O O
C. tsushimaensis Tokunaga O O
C. tsushimaensis var. minor Tokunaga @) O
Pseudosmittia sp. O O
Semiocladius endocladiae (Tokunaga) @) O
Thalassosmittia nemalionis (Tokunaga) O O
Telmatogetoninae
Telmatogeton japonicus Tokunaga O O O O
T pacificus Tokunaga O @) O O
Thalassomya japonica Tokunaga et Etsuko K. O O O O
Chironominae
Chironomini
Ainuyusurika tuberculatum (Tokunaga) O O O
Chironomus crassiforceps (Kieffer) O O
C. yoshimatsui Martin et Sublette O O
Dicrotendipes enteromorphae (Tokunaga) O O
Polypedilum convexum Johannsen @) O
P, nubifer (Skuse) O O O
Tanytsrsini
Pontomyia pacifica Tokunaga O O
Tanytarsus boodleae Tokunaga O O
T churamarinus Sugimaru, Kawai et Imabayashi @) O
T. pelagicus Tokunaga @) @) O
Yetanytarsus iriomotensis Sasa @) O
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Geographical distribution (Table 2)

Only a species, C. takahashii, was collected only in the southwestern islands, and only a species, 7.
pacificus, was collected only in the oceanic coasts in the main islands. In contrast, 3 species, e.g., S.
endocladiae, were collected in all areas. Four species, e.g, C. tsushimensis, were collected in the Seto
Inland Sea and the oceanic coasts in the main islands. Other four species, e.g, C. setonis, were collected

in the oceanic coasts in the main islands and the southwestern islands.

Table 2. Geographical distribution of marine chironomid species in the southwestern Japan.

Areas

Species
Seto Inland Sea Oceanic coasts in the main islands Southwestern islands

Clunio setonis O O
C. takahashii O

C. tsushimaensis
Semiocladius endocladiae

Thalassosmittia nemalionis

O O OO0

Telmatogeton japonicus
T. pacificus
Thalassomya japonica
Ainuyusurika tuberculatum @)

Pontomyia pacifica

O 00O

Tanytarsus boodleae

T. pelagicus O

OO0OO0OO0O0OO0O0OO0OO0OO0O0

O

Yetanytarsus iriomotensis O

Seasonal emergence (Table 3)

Dicrotendipes enteromorphae was collected only in summer and autumn at the Cape Ashizuri. C.
setonis and T. pacificus were collected only in autumn and winter at the Cape Ashizuri. S. endocladiae
was collected in all seasons, although it was not collected at Kurahashi in winter and not collected at the
Cape Ashizuri in spring and summer. Three species, e.g., C. tsushimensis, were collected only in winter

and spring , although it was not collected at the Cape Ashizuri in spring.

Table 3. Seasonal occurrences of marine chironomid species at the Cape Ashizuri and Kurahashi.

) Spring Summer Autumn Winter
Species Ashizuri Kurahashi ~ Ashizuri Kurahashi ~ Ashizuri Kurahashi =~ Ashizuri Kurahashi
Clunio setonis O O
C. tsushimaensis O O O
Semiocladius endocladiae O @) O O O
Thalassosmittia nemalionis O O O
Telmatogeton japonicus @) O O
T. pacificus O O

Dicrotendipes enteromorphae O O
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DISCUSSION

In this study, marine chironomids were collected in the southwestern Japan, and the differences in
some ecological properties such as vertical distribution in the intertidal zone, substrate preference,
geographical distribution and seasonal occurrence were examined among the species.

Only a species, T. nemalionis, was collected only at high intertidal zone and only in clusters of
sessile organisms. This suggests that the species live in a gap between sessile animals such as barnacles
and eat some algae or detritus. This was not incompatible to the first collection of the species in algal
matting of rocky seashore (Tokunaga, 1936). As many as 11 species were collected only at low intertidal
zone and six species were collected at middle to low intertidal zones. This shows that marine chironomid
larvae usually have relatively low desiccation tolerance.

Three species were collected only on rocks, other 3 species were collected only in mud, and as
many as 9 species were collected only in seaweeds. This shows that the detritivorous species are less
abundant than herbivorous species in marine chironomid communities. Indeed, S. endocladiae was
estimated to feed on some seaweeds such as Gloiopeltis comlanata and Nemalion pulvinataum in high
intertidal zone (Nihon yusurika kenkyu-kai, 2010).

There were no species that were distributed only in the Seto Inland Sea area. Only one species, T.
pacificus, was distributed only in the oceanic coasts in the main islands. Besides, only one species, C.
takahashii, was distributed only in the southwestern islands. On the other hand, 4 species such as T.
Japonicus and T. nemalionis were distributed in the Seto Inland Sea and the oceanic coasts in the main
islands, and other four species such as C. setonis were distributed in the oceanic coasts in the main
islands and the southwestern islands. Further, 3 species such as S. endocladiae were distributed in all
areas. This might suggest the origin of marine species in the tropical regions. Indeed, genera
Telmatogeton and Thalassosmittia have been proven to be more derivative than genera Clunio and
Semiocladius in a genetic tree (Sugimaru et al., 2010).

Dicrotendipes enteromorphae, a member of the subfamily Chironominae, was collected only in
summer and autumn at the Cape Ashizuri, located at much lower latitude than Kurahashi. C. sefonis and
T. pacificus, both members of the subfamily Orthocladiinae, were collected only in autumn and winter,
and C. tsushimensis, T. nemalionis and T. pacificus, all also members of the subfamily Orthocladiinae,
were collected only in winter and spring. This phenomenon is in accord with a knowledge of an arctic
origin of Orthocladiinae and a tropical origin of Chironominae.

In this study, C. yoshimatsui, the most widely distributed species in the Japanese Archipelagoes,
emerged from a sample collected from seaweeds in middle intertidal zone. This is an extremely
important record, since this species has been believed as a completely freshwater species (Sasa et
Kikuchi, 1995). Further study is necessary to clarify the importance of chironomids in food web and

material circulation in marine ecosystems.
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Molecular Identification of “Gum Gum™: a Food Mole Crab Hippa adactyla
from Papua New Guinea
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Abstract A specimen of Hippa adactyla Fabricius, 1787, was collected from Blanche Bay, Papua
New Guinea. Nuclear 18S and mitochondrial 16S ribosomal RNA gene sequences were examined for
interspecies and intraspecies comparisons. The result suggests some genetic similarity and diversification
of this species distributed widely in the Indo-Pacific. We also report a local culture of eating the animal
under the name “Gum Gum”. This is a pioneering report on the genetic perspective and fishing of a mole
crab in southwest Pacific.

Key words: Anomura, fishery, Hippa adactyla, mole crab, 16S, 18S.

INTRODUCTION

Mole crabs are benthic crustaceans of the family Hippidae (Anomura, Hippoidea) widely distributed
on intertidal and shallow subtidal sandy ocean beaches. They include the following three genera:
Emerita, Hippa, and Mastigochirus. As reviewed by Boyko and McLaughlin (2010) and supported by
recent molecular works by Roterman et al. (2013) and Bracken-Grissom et al. (2013), all morphological
and molecular phylogenetic studies show that the Hippoidea is monophyletic and that the taxon is the
basal taxon in the extant Anomura. Within the Hippoidea, the monophyletic status of Albuneidae,
Blepharipodidae, and Hippidae is supported by their morphological (Boyko and Harvey, 2009) and
molecular analyses (Bracken-Grissom et al., 2013). However, the monophyly of the above-mentioned
three genera in the Hippidae is still unclear. A molecular phylogeny of the mitochondrial 16S ribosomal
RNA and cytochrome ¢ oxidase subunit 1 gene sequences from nine species of Emerita and one of
Hippa placed Hippa pacifica in a clade of Emerita (Haye et al., 2002).

In South Africa, relatively large-scale fishing of the mole crabs Emerita austroafricana and Hippa
ovalis is practiced (Kyle et al., 1997). Emerita emeritus has been caught for food at Phuket, Thailand
(Janekorn, 1982, after Ingole et al., 1998). Hippa adactyla, with the local name “Ourudom”, is
considered a medicinal food on the Kavaratti atoll, Lakshadweep Islands, southern India (Ingole et al.,
1998). Also in Japan, H. adactyla is commonly caught for local food in the Amami Oshima Islands under

the local name “Gumyi” (N. Hisashi, personal communication) or “Kamenkua” (Fuji Television, 2006)
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and at Nakijin Village, northern Okinawa Island, under the local name “Sunagame” (TV Asahi, 2010).
Around Papua New Guinea, crustacean fishing in the South Pacific islands has been well reviewed by
Dalzell et al. (1996); however, fishing of mole crabs was not mentioned in this review.

To obtain further information on phylogenetic status, genetic diversity, distribution, and food
culture, we analyzed two DNA markers—nuclear 18S ribosomal RNA (18S) and mitochondrial 16S
ribosomal RNA (mt16S) gene sequences—in a specimen of H. adactyla from Papua New Guinea. We

performed interspecies and intraspecies comparisons with previously described sequences of Hippidae.

MATERIALS AND METHODS

A male specimen of H. adactyla was caught by a local fisherman at Karavia Bay, indenting the
western part of Blanche Bay, East New Britain, Papua New Guinea (4°17'56"S, 152°9'48"E) on
February 3, 2015. The specimen was fixed in 70% ethanol and held at room temperature. Genomic DNA
was extracted by a standard proteinase K/sodium dodecyl sulphate (SDS)/phenol-chloroform procedure
from approximately 1 mm?® fixed muscle that was surgically picked from the left first pereopod.
Polymerase chain reactions were performed with KOD FX Neo (Toyobo Co., Ltd., Osaka, Japan)
according to the manufacturer’s standard protocol. Two primer sets, eukaryotic primers for 18S (Moon-
van der Staay et al., 2000) and 16SA/16SB (Xiong and Kocher, 1991), for the nuclear 18S ribosomal
RNA gene (18S) and mitochondrial 16S ribosomal RNA gene (mt16S) sequences, respectively, were
used. The three-step cycling conditions were as follows: initial denaturation for 2 min at 94°C; 30 cycles
of 10 s at 98°C, 30 s at 52°C, and 90 s at 68°C; and a final extension for 5 min at 68°C. PCR products
were purified with a High Pure PCR product purification kit (Roche Diagnostics GmbH, Mannheim,
Germany). Fragments were sent to Macrogen Japan Corp. (Tokyo) for sequencing. Sequence data were
aligned with ClustalW 2.1 (Larkin et al., 2007). Maximum likelihood approaches under a general time-
reversible model were performed with MEGA v. 5.2 (Tamura et al., 2011). A comparative specimen of H.
pacifica (H. marmorata) was caught at Iejima, Okinawa, Japan (26°42'53"N, 127°49'50"E) on April 26,
2015 and analyzed by the same procedure. Comparative 18S and/or mt16S sequences of Hippa and
Emerita are shown in Table 1. Same superfamily two Albuneidae species, Albunea gibbesii (KF 182440,
KF182558; Bracken-Grissom et al., 2013), and Paraleucolepidopa myops (KF182441, KF182560;
Bracken-Grissom et al., 2013) were also obtained from previous studies as outgroups.

RESULTS AND DISCUSSION

Morphology

The specimen (Fig. 1A) that has a carapace with three median lobes in the frontal margin, well-
developed lateral frontal lobes, submarginal row of setose pits (N = 49), fine transverse grooves, dactylus
of pereopods II and III with anterior margin cut into right angles, and antennal flagellum with four
articles, was identified as H. adactyla Fabricius, 1787, based on Boyko and Harvey (1999). It was an
adult male, 26.1 mm long and 22.5 mm wide in the carapace. The carapace and the abdomen were
generally grayish dark brown with pale orange marks in living condition. The specimen was deposited in
Hiroshima University Museum as voucher HUM-C-021. The comparative specimen (Fig. 1B) that has a
carapace with two median lobes in the frontal margin, about equally projecting lateral frontal lobes,

submarginal row of setose pits (N = 38), and antennal flagellum with two articles, was identified as H.
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Figure 1. (A) An adult male specimen of Hippa adactyla collected in Papua New Guinea. (B) An adult female
specimen of H. pacifica collected in Japan, showing dorsal (d) and ventral (v) sides. Ethanol fixed. Scale
bar, 10 mm.

pacifica based on Boyko and Harvey (1999). It was an adult female, 12.0 mm long and 9.7 mm wide in

the carapace. The specimen was deposited in Hiroshima University Museum as voucher HUM-C-022.

Fishing practices

The estuaries at the collection site consist of black volcanic sand, few coral reefs and mangroves.
Native Tolai people caught mole crabs from the intertidal and shallow subtidal sand bottom by their foot
and hand. They told me their variety of recipes for cooking the animal, for example just boiling and
frying with oil or coconut milk. They said that spit roasting was the best and it could be eaten whole,
shell and all. The people spoke not only English and Tok Pisin, official languages of Papua New Guinea,
but also their own language, Kuanua. They called the mole crabs “Gum Gum” as a species of “Kuka”,
meaning crab in Kuanua and Tok Pisin. Some species of small true crabs were also caught in the same
area, although these were used not for food but for fishing bait.

As mentioned in the Introduction, the eating culture and fishing of mole crabs are known in the
India and Japan. Our result suggests a wide geographical distribution of them in the Indo-Pacific. To

what extent and how the culture diffused will be future research questions.

Molecular analysis

PCR fragments, 1895 bp for 18S and 561 bp for mt16S, were well amplified from the specimen of
H. adactyla, and the analyzed sequences, 1800 bp for 18S and 521 bp for mt16S, were deposited in
GenBank under the accession IDs LC052326 and LC052327, respectively. Those of analyzed H. pacifica
were LC055145 and LC055144.
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These sequences did not completely match others in GenBank by BLAST search. However, the
phylogenetic results from both 18S and mt16S, 1683bp and 291 bp showed close relationships with
known sequences of Hippa species (Fig. 2). The topology of the 18S tree showed that the two genera
Emerita and Hippa split into two clades with high bootstrap support. The mt16S tree also showed a clade
of Hippa with relatively high bootstrap support, but a clade of Emerita was obscure. These results are
not inconsistent with the morphological classification based on the monophyly of each genus, unlike the
results of Haye et al. (2002). However, sufficient comparable sequences of Hippa species have not yet
been deposited enough in GenBank (which now contains sequences of only two species), and no
sequence of Mastigochirus has been analyzed yet. Future molecular studies of Hippa and Mastigochirus
species may clarify the genetic monophyly of these genera.

The mt16S sequence of H. adactyla from Papua New Guinea was identical to that of H. adactyla
KJ132557 (Tsang et al., 2014) collected at Nan’ao Township, Yilan County, Taiwan (24°26"24.64" N,
121°48"24.40"E, by Taiwan National Museum of Natural Science) except for a 66-base deletion in the
latter sequence; but differed by 52-base substitutions from H. adactyla KF051307 (Roterman et al.,
2013) collected at Durban, South Africa (30°03'00" S, 30°53'16"E), intertidal zone on a sandy beach,
September 16, 2003 (C.N. Roterman, personal communication). This H. adactyla KF051307 was close
to H. pacifica, as shown in Figure 2B. The 18S sequence of H. adactyla from Papua New Guinea also
differed from that of H. adactyla collected at Durban (KF051278; Roterman et al., 2013) by three base

A o Emerita talpoida AY743949 /M
nI—P E. brasiliensis AF439384 . Emerita
E. emeritus AY583971
I— E. analoga AF439383 = Hippidae
Hippa pacifica / Japan LC055145
93| | Hippa adactyla / Papua New Guinea LC052326 Hippa
71 Hippa adactyla / South Africa KF051278 _J
0.001 40— Albunea gibbesii KF 182440 Albuneidae
\— Paraleucolepidopa myops KF182441
Emerita talpoida / South Carolina AF246150 — —
E. talpoida / Massachusetts AF246151
E. talpoida / Florida AF246152
20 £ analoga / California AF425322
E. talpoida / Massachusetts L43112
B E. talpoida / South Carolina L43113
E. talpoida / Florida L43114
E. benedicti L43109
87| E. benedicti / Texas AF246155
E. portoricensis / Puerto Rico L43111 .
E. brasiliensis / Uruguai L43110 — Emerita
971 E. brasiliensis DQ079712
E. holthuisi / Dubai AF246157 =—Hippidae
E. emeritus | India AF246156
921 E. emeritus AY583898
E. rathbunae JN800539
E. analoga / Chile L43107
E. analoga / California L43108
00| E. analoga / California AF246153
E. analoga / Chile AF246154 ]
100] Hippa adactyla / Taiwan KJ132557
Hippa adactyla / Papua New Guinea LC052327
Hippa adactyla / South Africa KF051307 Hippa
Hippa pacifica / Japan LC055144
Hippa pacifica AF246158 _J
Paraleucolepidopa myops KF182560 Albuneidae

Albunea gibbesii KF182558

Figure 2. Molecule-based phylogenetic trees of Hippa adactyla and Hippidae species. (A) Based on partial 18S
sequence (1683 bp). (B) Based on partial mt16S sequence (291 bp). Two Albuneidae species, A/bunea
gibbesii and Paraleucolepidopa myops, are included as outgroups. Bold lettering indicates new data of this
article. The topology and branch length of cladograms were produced by maximum likelihood. Numbers
above branches denote bootstrap support. Codes after species names are GenBank accession IDs.
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substitutions. These facts suggest the following two points: (1) H. adactyla has some genetic
diversification in 18S and mt16S; and (2) the population of H. adactyla in Taiwan, located in the
northern hemisphere, has a close genetic relationship with the specimen collected in Papua New Guinea,
approximately 4,600 km from Taiwan. The latter may be consistent with wide distribution as a single
population. However, human-mediated introduction can also be considered as an explanation, given that
our collection site is not far from Rabaul, an important port for foreign fishing vessels where Taiwanese
ships frequently come into. Future studies of genetic polymorphism among other Indo-Pacific

populations may clarify the human disturbance of this species.
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Table 1. 18S and mt16S sequences of Hippa and Emerita included in phylogenetic analyses.

GenBank accession IDs

Locality Publication
18S mt16S
Hippa adactyla South Africa KF051278 KF051307 Roterman et al., 2013
Taiwan - KJ132557 Tsang et al., 2014
Papua New Guinea LC052326 LC052327 This paper
H. pacifica - - AF246158 Haye et al., 2002
Japan LC055145 LC055144 This paper
Emerita analoga - AF439383 - Perez-Losada et al., 2002
Chile - L43107 Tam et al., 1996
California - L43108 Tam et al., 1996
California - AF246153 Haye et al., 2002
Chile - AF246154 Haye et al., 2002
California - AF425322 Zaklan and Cunningham, unpublished
E. benedicti - - L43109 Tam et al., 1996
Texas - AF246155 Haye et al., 2002
E. brasiliensis - AF439384 - Perez-Losada et al., 2002
Uruguai - L43110 Tam et al., 1996
- - DQO079712 Porter et al., 2005
E. emeritus - AY 583971 AY 583898 Ahyong and O’Meally, 2004
India - AF246156 Haye et al., 2002
E. holthuisi Dubai - AF246157 Haye et al., 2002
E. portoricensis Puerto Rico - L43111 Tam et al., 1996
E. rathbunae - - JN800539 Bybee et al., 2011
E. talpoida - AY 743949 - Babbitt and Patel, unpublished
Massachusetts - 143112 Tam et al., 1996
South Carolina - L43113 Tam et al., 1996
Florida - 143114 Tam et al., 1996
South Carolina - AF246150 Haye et al., 2002
Massachusetts - AF246151 Haye et al., 2002

Florida - AF246152 Haye et al., 2002
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Abstract In June 2012, production was measured and compared among Zostera marina stands with
different shoot sizes and stand structures, at a total of seven stations in three Z. marina beds in the Seto
Inland Sea, Japan. Production per shoot depended on the shoot size, and was larger (50.9 - 73.2 mg DW
shoot " d™) at the stands in the bed of Ikuno-shima Is. (Hiroshima Pref.; Aki-Nada Sea), where large
shoots formed stands with lower densities, than at stands in the bed of Heigun-jima Is. (Yamaguchi Pref’;
Suo-Nada Sea) (7.7 - 27.4 mg DW shoot "' d") where small shoots exhibited higher densities. Though
the areal production estimated was compensated by shoot density, it was still larger at the bed of Ikuno-
shima Is. (2.89-5.38 ¢ DW m™ d") than at Heigun-jima Is. (1.63 - 2.56 g DW m~ d™). Sediment
characteristics were quite different between the two Z. marina beds and considered to affect the stand
structures and productivity, i.e., the sediment at Ikuno-shima Is. was muddy and rich in organic matter
and the sediment at Heigun-jima Is. was dominated by sand indicating severer physical conditions
induced by waves.

In Aba-shima Is. (Hiroshima Pref.; Aki-Nada Sea), the third research site, the Z. marina bed was on
the way of recovery after catastrophic damage due to heavy grazing of rabbitfish (Siganus fuscescens)
which had occurred in autumn of 2011, and young shoots developed from seeds forming a patchy stand
with a low shoot density and biomass. Though the production was lowest (0.60 g DW m~ d), the
turnover of the biomass was higher (6.5 % d™') at the stand in Aba-shima Is. than values (1.7-3.3% d™) at
the other two beds.

Keywords: biomass, production, shoot size, stand structure, Zostera marina
INTRODUCTION

Seagrass Zostera marina forms dense beds and contributes substantially to coastal primary
production (Sand-Jensen, 1975; Jacobs, 1979), providing variable ecosystem services which benefits
human welfare (Costanza et al., 1997). Because of its ecological and industrial importance, production
of this cosmopolitan species has been evaluated worldwide (Duarte and Chiscano, 1999).

Though it is a cosmopolitan species, recent studies have shown extensive genetic variations among
Z. marina populations observed within its regional or, in some cases, local distributions (Rhode and
Dufty, 2004; Ort et al., 2012; Shimabukuro et al., 2012). In addition, diversities in shoot morphology
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and structures of stands are often observed even within the same sea area. In previous papers (Yoshida et
al., 2013ab), we reported both shoot size and stand structures were highly variable among Z. marina
populations in the western Seto Inland Sea and eastern area of Bungo-Channel. There, shoot size and
density exhibit a reciprocal pattern among (or often within) local Z. marina populations, where Z.
marina with smaller shoots tends to have a higher density, and vice versa. Though similar results have
been obtained in other regions (Aioi, 1980), it has not been examined how the ecological potentials and
functions of those Z. marina stands differ.

In this study, we conducted a preliminary survey in the Seto Inland Sea to compare the primary
production among Z. marina with different shoot sizes and stand structures. Based on this research, we
wish to answer: how differences arise under approximately identical climatic conditions due to their
close proximity? Can smaller Z. marina shoots compensate for their productivity by higher densities or
higher turnover rates? Production measured in this study is also compared with values obtained in other
regions worldwide to understand the ecological characteristics of Z. marina in the Seto Inland Sea.

These results offer better understanding of the ecological diversity of Z. marina populations in the

relevant sea area, and ideas for the preservation measures of this ecologically important species.
Materials and methods

This study was conducted in June 2012, when Z. marina in the Seto Inland Sea is most luxuriant

(Fujiwara et al., 2009) and is supposed to show the highest production in a year.

Study sites

Three subtidal Zostera marina beds with different characteristics were chosen. That is, 1): a bed
occupied by relatively large shoots, 2): by smaller shoots but with a higher density, and 3) by young
shoots which had just grown up from seedlings germinated during the last winter to spring. The
topographic characteristics were also quite different among the three beds.

The bed 1) was located at Ikuno-shima Is. in the Aki-Nada Sea, one of the sub-sea areas of the Seto
Inland Sea (Figs 1, 2). The Z. marina bed was formed within a vast, sheltered inlet with most of the area
shallower than 1.0 m in depth (below Chart Datum Level; depths are stated based on the same criterion
in the following description). The Z. marina bed occupied ca. 21 ha in the inlet area. Three stations for
production measurements were set, two (St. 1 and St. 2, 0.2 and 0.4 m in depth, respectively) at the
innermost area, and one (St. 3, depth; 0.6 m) near the mouth of the inlet (Fig. 2).

The bed 2) was located at Kona of Heigun-jima Is., in the Iyo-Nada Sea, and formed in a relatively
open inlet and within a depth range of 0-6 m (Figs 1, 2). The area of the bed was estimated to be ca. 0.6
ha. Three measurement stations were set along the depth gradient of the bed, which was St. 5 (depth; 0.2
m), St. 6 (1.2 m) and St. 7 (3.1 m) (Fig. 2).

The bed 3) was located at Aba-shima Is., which is adjacent to Ikuno-shima Is. (Fig. 1). The Z.
marina bed was formed in front of an open beach on the western coast of the island, exhibiting a belt-
like form with an estimated area of ca. 1.5 ha (Fig. 2). Originally, Z. marina distributed from 0 to, at
least, 3 m in depth, but the stand had been damaged and disappeared due to grazing by rabbitfish,
Siganus fuscescens, in the autumn of 2011. When we conducted this study (June 2012), the Z. marina
stand was composed of numbers of young shoot patches. From the morphology of their rhizomes with
nodes per shoot in relatively small numbers, we made sure that these shoot patches were originated from

one or a few seedlings and their subsequent laterally-branching. Production measurements were
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Fig. 1.Three study sites (islands) where the Zostera marina beds examined in
this study are located. The grids A, B and C indicate the locations of the Z.
marina beds, which coincide with those shown in Fig. 2.
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Fig. 2.Topography of the three Z. marina beds (area shaded light gray) and locations of the seven
stations where production of the Z. marina stands was measured. A: the Zostera bed in Ikuno-
shima Is., B: in Aba-shima Is., C: in Heigun-jima Is.

conducted on these shoots at the point of 0.6 m in depth (Fig. 2, St. 4).

Shoot size, density and biomass of Zostera marina

Shoot size, density and biomass were surveyed at the 7 stations in early June 2012. At each station,
three 50 X 50 cm quadrats were set in the Z. marina stand. All shoots within the quadrat were sampled
with their rhizomes and roots using a shovel, and put in a mesh bag. Dead rhizomes which were black in
color and fragmented were discarded. After being brought back to a laboratory, vegetative and flowering

shoots in each bag were counted respectively. Then each shoot was separated into the above- and under-
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ground parts using a knife, at the root primordium close to the meristematic region assumed to be the
boundary of the both parts (Yoshida et al., 2013a). The above-ground part (sheath and leaves) of each
vegetative shoot was measured in total length (as ‘shoot length’) and the maximum width of the leaf just
above the sheath. The below-ground parts of vegetative and flowering shoots were separated into
rhizomes and roots. The length and major axis in the section of the second rhizome node of each
vegetative shoot were measured. The weight of each part was determined after being dried under 85 C

for a few days.

Zostera marina production measurement

In this study, production of Zostera marina was measured by a leaf-marking technique, a common
method for seagrass production measurements (Short and Duarte, 2001). For the estimation of the above-
ground part (i.e., leaves) production, we used the ‘conventional’ leaf-marking method (Fig. 3) so-called
by Gaeckle and Short (2002), and for the below-ground part (rhizomes and roots) production, we took a
more improved and recommended (Short and Duarte, 2001) method (the plastochrone method) based on
the plastochrone interval (the time interval between the new initiation of two successive leaves on one
shoot) determined by the leaf-marking (Fig. 3).

On the same day as the quadrat sampling, we pierced pin-holes using a needle in the leaf bundle just
above the sheath of each vegetative shoot (Fig. 3). This marking method was carried out on 30 vegetative
shoots at each station and marked shoots were distinguished by being tied with pink-colored tape at their
base. After 2 weeks, marked shoots were recovered with their rhizomes and roots and brought back to
the laboratory. Tissues needed for the production measurement were sampled (see below), dried and

weighed in the same way as the biomass measurement.

NEW LEAF GROWTH

| @
| ®
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LEAF)
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Sheath
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and to be summed in the conventional
production measurement method

Rhizoid Meristem

|
f
Node :l\ :ll\
—

Root

Plastochrone ___Period of the measurement (days)
interval (days) — Number of newly-formed leaves

Fig. 3.Leaf-marking method in Z. marina production measurement (modified figure of Short and Duarte, 2001).
The ‘conventional method’ (Gaeckle and Short, 2002) of the production measurement and determination
procedure of plastochrone interval are shown.
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For each marked shoot, leaf production was determined from the weight of leaf tissue between the
reference pin-hole, being marked on the outermost (and the oldest) leaf assumed to have terminated
growth, and the holes on the younger leaves that has moved up as they grow (Fig. 3). Leaves newly-
formed during the period and distinguished by being without pinholes were counted for each shoot and
the plastochrone interval was determined (Fig. 3). The weight of new leaves was also added to the leaf
production. This ‘conventional’ method has been reported to possibly miss the maturation of leaf tissues
above the holes and growth of newly-formed leaves enclosed in a sheath (therefore, invisible) and cause
an underestimation of the production (Gaeckle and Short, 2002). However, this underestimation had
been reported to be negligible when the measurement period is sufficiently longer than the plastochrone
interval, allowing the new leaf tissue to mature during the period. The period we took for the production
measurement (2 weeks) was longer than the plastochrone interval of the marked shoots (see the Results),
so underestimation was supposed to be small.

For the below-ground part production measurement, we took the plastochrone method (Gaeckle and
Short, 2002). In this method, leaf or under-ground production is simply estimated by weight of a mature
leaf (usually, the 3 rd leaf) or rhizoid node with its root bundles (g) divided by a plastchrone interval of
leaves (days), as the plastochrone intervals of leaves and nodes of Z. marina are the same (Short and
Duarte, 2001). In our study, we used the mean biomass of the 3 rd to 5 th nodes with their root bundles
as a mature node weight.

The estimated daily production of one shoot (above- + below-ground parts) is multiplied by
vegetative shoot density within the sampled quadrat and assumed to be the daily areal (m™) production
of the Z. marina stand at each station. We ignored the production of the flowering shoots, which
constitute some parts of the Z. marina stand in its luxuriant season. When we conducted our
measurements, most of the flowering shoots were observed to be beginning to wither. Therefore, we
assumed that the production of the flowering shoots was negligible during the period, though the seeds

in a spathe could be getting matured.

Production of newly-formed lateral shoots

During the period of the production measurement, active formation and branching of new lateral
shoots was observed. In this study, the whole biomass of new lateral shoots, which had branched out
from the marked shoots after the pin-hole marking, was assumed to be new production during the period
of the measurement. This could be a somewhat overestimation because some parts of the new lateral
shoots could have already been produced and existed but were not visible within the sheath of the
marked shoots when the marking was performed.

Frequency of new lateral shoot formation in the marked shoots and the mean biomass of the new
lateral shoot were recorded. The frequency was applied to the vegetative shoot density of quadrat
sampling, and production of newly-formed lateral shoots was estimated on an areal basis.

When the marked shoots were recovered, some marked shoots were observed to have new lateral
shoots before branching in their sheaths. When the leaves of these new shoots were visible above the
reference pin-hole of the ‘parent’ marked shoots, the weight of visible part of the leaves was measured

and included in the leaf production of the parent shoot, but not counted as ‘newly-formed’ leaves.

Environmental characteristics at each station

Water temperature was recorded every 60 minutes at Sts 1, 3, 4, 5 and 7 by data-loggers (HOBO
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Pendant temp/light loggers, Onset Computer Corporation) during the period of the production
measurement. Decrease of underwater irradiance along the depth was recorded by an underwater
radiation sensor and a data-logger (LI-193SA spherical quantum sensor and LI-1400 data-logger, LI-
COR) at an offshore site of each Zostera bed and extinction coefficient was calculated. Sediment of
surface layer up to 10 cm was sampled by sediment cores (4 cm in diameter) at each station. Ignition
loss and grain-size composition of the sediments was evaluated by ordinary methods (Oceanographic
Society of Japan, 1986).

Statistical analysis

Difference in means of all data of Z. marina and its stand structures was tested by non-parametric
Welch test, because most of the data sets did not show homogeneity of variance. When significant
differences were detected, Games-Howell test was performed as a post-hoc test. All these analyses were
conducted by SPSS 20.0 Statistic (IBM). Afterwards, the results of these analyses are mentioned only

when it is necessary.
RESULTS

Shoot size, density and biomass

Mean length of vegetative shoots (above-ground part) was significantly different among the seven
stations (p<0.001 in Welch test). Shoots in Ikuno-jima Is. were longer than those in the other islands
(Fig. 4, Table 1 ). Within the stations of Ikuno-shima Is., shoots in the inner area of the bed (Sts 1 and
2) were longer than shoots growing near the edge of the bed (St. 3; p< 0.05 in Games-Howell test). In
Heigun-jima Is. (Sts 5-7), the length of shoots significantly increased in the deeper stations (p< 0.05 in
Games-Howell test). In general, longer shoots had wider leaves and larger rhizomes (Table 1 @) - @).

Total shoot density (vegetative + flowering shoots) was also significantly different (p<0.001 in
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Flowering shoots M
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o
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Ikuno-shima Is.  Aba-shima ls. Heigun-jima Is.

Fig. 4. Mean length of the vegetative shoots (above-ground part) and shoot
density of the seven Z. marina stands in the three beds in June 2012.
Standard errors are shown only in the positive direction and for the total
(vegetative + flowering shoots) density in case of the density.
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Welch test) and exhibited a reciprocal pattern with the shoot size among the stations except for St. 4 (Fig.
4, Table 1 (5 ). The largest shoots at Sts 1 and 2 exhibited a relatively low density (76 and 55 shoots
m™). The highest density (291 shoots m™) was observed at St. 5, the shallowest station in Heigun-jima Is,
and the densities decreased as the constituent shoots became larger in the deeper stations. An exceptional
case was shown in Aba-shima Is. (St. 4), where short young shoots exhibited a relatively low density (36
shoots m™). This was because the Z. marina bed at St. 4 was composed of small patches with a scattered
distribution pattern, and the quadrat sampling could only cover a patch per a quadrat.

Proportion of flowering shoots in total shoots was quite different among stations, and even among
quadrats at a station. Mean proportion of all stations ranged from 0 to 14.6 %. Young shoots at St. 4 did

not contain any flowering shoots (Table 1 ().

Table 1. Shoot size, stand structures and production of Z. marina measured in this study. All data are shown in
means with SE

St.1 St.2 St.3 St.4 St.5 St.6 St.7

Size of vegetative shoots

(D Vegetative shoot length (cm) 79.8 £3.3 852 4.8 63.5 3.3 288 £1.8 26.5 £0.7 364 1.1 61.5 £2.8

(2) Max. leaf width (mm) 10.6 £0.3 10.1 £0.3 8.0 £0.2 49 £0.2 42 =0.1 5.1 £0.1 5.9 0.2

(3 Length of 2nd internode (mm) 16.7 £0.7 18.7 #1.1 18.0 0.8 14.0 1.2 10.3 £0.4 114 0.5 14.0 £0.7

(@) Diameter of 2nd internode (mm) 57 0.2 53 +0.2 44 £0.1 2.7 £0.1 24 £0.1 3.1 0.1 3.3 +0.1
Density (n=3)

(® Total density of shoots (m™) 76.0 2.3 547 58 987 £16.7 36.0 £10.6 290.7 £21.3 130.7 +13.3 102.7 £10.9

® % of flowering shoots 3.7 14.6 4.0 0 6.5 1.9 9.3
Biomass (n=3)

(@ Total biomass ; TB (g DW m™) 259.8+43.6 1748+382 167.0+53.2 93+2,0 83.4+34 55194 78.4%9.3

(® Above-ground ; AGB (g DW m™) 211.4+335 148.6+342 136.8+43.6 6114 53.1+2.8 39.7+7.1 65.4+7.9

@ % of flowering shoots in AGB 9.5 332 10.0 0 13.4 34 16.8

(@0 Below-ground ; BGB (g DW m™) 483 £10.2 262 =48  30.3 £10.2 32 £0.6 304 £1.9 154 2.3 13.0 +2.1

@ Proportion of BGB in TB (%) 183 153 17.6 344 36.4 28.1 16.6
Data of marked shoots (Initial n= 30)

(12 Number of recovered shoots 29 29 28 28 22 24 27

(13 Plastochrone interval (days) 9.9 8.7 9.3 11.2 12.6 13.8 10.8

(14 Leaf number of recovered shoots 7.4 +0.1 73 0.2 74 +0.2 6.2 £0.1 5.1 £0.1 5.8 £0.1 6.2 £0.2

(15 Daily turn-over of leaves (% d") 1.3 1.6 1.5 1.4 1.6 1.3 1.5
Production of marked shoots

@6 Total (mg DW shoot " d) 732 %29  62.0 £34 509 2.0 16.7 0.7 7.7 0.4 127 0.6 274 %13

@@ Above-ground (mg DW shoot "' d) 53.9 *2.7 445 £3.0 351 +1.6 12.7 £0.6 5.1 %03 102 0.5 193 1.3

@® Below-ground (mg DW shoot "' d) 193 £1.1 174 £1.0 15.8 £0.8 3.9 0.3 2.6 0.2 24 +02 7.6 £0.5
Areal production (n=3)

19 Total production; TP (g DW m” d") 537035 289+041  538%0.66 0.60*0.18  2.08*0.10  1.63*0.15 2.56*0.31

@) Above-ground (g DW m™d") 395+0.26  2.08+030 3.91*048  0.46+0.14 1.38+0.07 1.31+0.12 1.80%0.22

@) Below-ground; BGP (g DW m™ d) 1.42£0.09  0.81+0.12 1.48+0.18  0.14+0.04  0.70=0.04  0.31%0.03  0.71+0.09

@2 Proportion of BGP in TP (%) 26.4 28.0 275 233 33.7 19.0 27.7

@ Daily turn-over of total biomass (% d") 2.1 1.7 32 6.5 25 3.0 33
New lateral shoot formation

24 New lateral shoot emergence 0.021 0.048 0.030 0.046 0.009 0.007 0.025

(New lateral shoot shoot™ d™)
@ Production of new lateral shoot 0.43+0.03  0.73%£0.10  0.46+0.06  0.15£0.04  0.05+0.00  0.04%0.00  0.22%0.03

;PNLS (gDWm?”d") (n=3)
26 % of PNLS to areal total production 8.1 25.2 8.6 25.1 2.6 2.3 8.8
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The largest biomass among the three islands was observed in Ikuno-shima Is, in which mean total
biomass ranged 167.0 - 259.8 g DW m™ among Sts 1- 3 (Fig. 5, Table 1 (D) ). However, the total biomass
was not significantly different among Sts 1- 3 (p> 0.05 in Games-Howell test). Total biomass among Sts
5 - 7 was not also significantly different in Heigun-jima Is. (p> 0.05 in Games-Howell test), despite of
the significant difference in shoot size and density among them. The biomass was smallest in Aba-shima
Is. (St. 4) among all seven stations (Fig. 5, Table 1 @ ).

Proportion of below-ground biomass to total biomass was also significantly different among
stations. The proportions at Sts 4 and 5 were high (34.4 and 36.4 %, respectively) than at other stations.
In Heigun-jima, the proportion became lower in the deeper stations, up to 16.6 % at St. 7 (Table 1 @D ).

Production of the marked shoots

Among thirty shoots marked at each station, 22 - 29 shoots were recovered after 2 weeks (Table 1
@2). Heavy grazing on leaves during the measurement period, as in autumn 2011, was not observed at
all stations.

Estimated plastochrone intervals ranged between 8.7 - 13.8 days among the seven stations (Table 1
@) ). Generally, the intervals were slightly shorter (< 10 days) at stations in Ikuno-shima Is. than at the
other stations. In Table 1, the number of leaves per shoot which were marked is also shown (Table 1 14)).
Generally, shoots at stations in Ikuno-shima Is. had more leaves on them than shoots at other stations.
Daily turnover rate of leaves was calculated, as:

Daily turnover rate of leaves = 1 / plastochrone interval / number of leaves X 100
and they ranged 1.3 -1.6 % d'' which were not largely different among stations (Table 1 @).

Daily production per shoot is apparently dependent on the shoot size. Generally, larger shoots

exhibit a larger daily production per shoot (Fig. 6, Table 1 16 ). The largest production per shoot (73.2
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Fig. 5. Mean biomass of the seven Z. marina stands in stands in the three beds in June 2012. Standard
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mg DW shoot " d') was observed at St. 1, which was approximately ten times larger than the smallest
value (7.7 mg DW shoot " d') at St. 5.

Areal production (Fig. 6, Table 1 @) was dependent on the vegetative shoot density, and the
difference among the stations in the same island was relatively small. In Heigun-jima Is., for example,
areal production was not significantly different among Sts 5 - 7 (p>0.05 in Games-Howell test), though
production per shoot was different by approximately 4 times between Sts 5 and 7. At St. 4, daily areal
production was smallest (0.60 g DW m * d™') among all stations due to the lowest shoot density.
However, daily turnover of biomass (% d™'), which was calculated as:

Daily turnover of biomass (% d') = daily areal production / biomass x 100,
was far larger (6.5 % d'') at St. 4 than the values (1.7 - 3.3 % d') at the other stations (Table 1 @3)).

Production of newly-formed lateral shoots

New lateral shoot formation on the marked shoots was observed at all stations, but the frequency
was different among the stations (Table 1 @ ). Most active formation was observed at Sts 2 and 4. On
the contrary, frequency at Sts 5 and 6 in Heigun-jima Is. was small. At Sts 2 and 4, the daily production
of new lateral shoots amounted to 25 % of the daily areal production of vegetative shoots (Table 1 @6 ).

Environmental characteristics at each station

The means (and range) of water temperature during the measurement period at Sts 1, 3, 4, 5 and 7
were 18.3 (17.1-20.6) T , 18.0 (16.9-19.7) T , 18.0 (16.9-19.9) T , 17.4 (16.2-19.9) C and 17.2 (16.2-
18.8) T , respectively. The mean of the extinction coefficient measured offshore of the three Z. marina
beds on the days of marking and recovery of the shoots were 0.27 for Tkuno-shima Is., 0.27 for Aba-
shima Is. and 0.19 for Heigun-jima Is.

Sediment characteristics were quite different among the three Z. marina beds. Sediment at stations
of Ikuno-shima Is. was mainly composed of mud (< 63 4 m) and the ignition loss was 8-10 % (Fig. 7).
Sediment at Aba-shima Is. and Heigun-jima Is. was coarser and main components were medium and fine
sand (125 - 500 4 m). Also, less organic matter was contained (Fig. 7).

Ignition loss (%)

9.7 88 7.6 1.8 2.3 21 2.9

Sst1 2 3 4 5 6 7

[ ] > 4000 250 - 500
Grain size 2000-4000 [l 125- 250
[ to0o-2000 [HE 63-125
[ s00-1000 [ <63 um

Fig. 7. Grain size composition and ignition loss of the sediments
at the seven Z. marina stands in the three beds.
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DISCUSSION

Biomass and production characteristics of Z. marina in the Seto Inland Sea

Biomass and production of seagrass has been measured worldwide, and data distribution pattern and
its species-specific or geographic (latitudinal) characteristics were reassessed by Duarte and Chiscano
(1999). According to their reassessment, mean maximum biomass and production of Z. marina measured
worldwide were 298.4 (above-ground) and 149.7 (below-ground) g DW m™ for biomass, and 5.2 (above-
ground) and 1.7 (below-ground) g DW m™ d" for production. As the data distribution was skewed, the
medians of those data were smaller than the mean values (Duarte and Chiscano, 1999). However, both Z.
marina biomass and production measured in this study are below the medians in the worldwide data
distribution.

In Japan, biomass and, in a less frequency, production of Z. marina has also been measured along
the geographical distribution of Z. marina, from Hokkaido to Kyushu regions. For these values, no clear
relationship has been found between the maximum biomass and latitude or geographical location of Z.
marina populations (Nakaoka and Aioi, 2001). Above-ground biomass of 300-600 g DW m~ was
reported in many sites, such as Notsuke Bay (Mizushima, 1985) and Akkeshi-ko estuary (Hasegawa et
al., 2007) in Hokkaido, Ise Bay on the Pacific coast (Abe et al., 2004) and Maizuru Bay (Douke et al.,
2000) on the Japan Sea coast. Above-ground biomass measured in this study was lower than the biomass
of those sites, and close to the biomass reported in Nabeta Bay (Mukai et al., 1979) and Odawa Bay
(Aioi, 1980) on the Pacific coast and lida Bay (Taniguchi and Yamada, 1979) on the Japan Sea coast.

Even within the Seto Inland Sea area, biomass measured at our study sites, which are located in the
western area of the Seto Inland Sea, were lower than the biomass reported in the eastern Seto Inland Sea.
Z. marina stand at Shodo-shima Is. in Kagawa Prefecture was reported to have a seasonal maximum
biomass of 355.2 g DW m™ for the above-ground part and 173.6 g DW m™ for the below-ground part
(Fujiwara et al., 2009). Also, at Ushimado in Okayama Prefecture, above-ground biomass of 300-500 g
DW m” was reported (Azuma and Harada, 1969). Contrary to these sites, biomass reported from the
western Seto Inland Sea and eastern area of Bungo Channel, such as Hiroshima Bay (Terawaki et al.,
2002; Yoshida et al., 2013a), Yanai Bay (Kawabata et al., 1993; Yoshida et al., 2013a) and the coast of
Ehime Prefecture (Yoshida ef al., 2013b), rarely reached > 200 g DW m™ in total biomass.

Comparing the stand structures between the populations exhibiting high biomass (300-500 g DW
m” in above-ground biomass) and the populations in the western Seto Inland Sea, the former populations
are composed of larger shoots with higher densities than the latter populations. For example, the modes
in the shoot length frequency during the luxuriant season are generally 120 cm < and the shoot densities
are 200 m” <, for the Z. marina populations with a large biomass (e.g., Mizushima, 1985; Douke ef al.,
2000; Abe et al., 2004; Fujiwara et al., 2009). Contrary to this, Z. marina populations in the western Seto
Inland Sea are commonly characterized by relatively lower density and smaller shoots. At present, we
are not sure whether these characteristics are due to environmental aspects or biological traits of Z.
marina, which are endemic to this region. To clarify if these characteristics are regionally specific or not,
long-term observations are also needed as Z. marina beds generally exhibit large year-to-year
fluctuations (Terawaki et al., 2002; Fujiwara et al., 2006).

Comparisons within the stands in this study

The size and stand structures of Z. marina were diverse among the stations in this study, and larger
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shoots exhibited higher production per shoot than smaller shoots. Leaf turnover rates of shoots were
similar among the 7 stands, indicating no relation between leaf turnover and shoot size. Further,
plastochrone intervals were rather shorter in large shoots of the bed in Ikuno-shima Is. than small shoots
of the other two beds, indicating that leaf productivity is higher in larger shoots.

Though the productivity of the stands of small shoots was not compensated by leaf turnover, it
could be compensated by shoot density. For the Z. marina bed in Ikuno-shima Is. and Heigun-jima Is.,
though production per shoot is different, no significant difference in areal production was observed
among the stations of each bed. This is prominent in Heigun-jima Is., where the shoot size and density
exhibited a clear reciprocal pattern among the stations along the depth gradient. Within this depth range,
no light limitation for Z. marina production occurred under the extinction coefficient of seawater (0.19)
indicating favorable water quality for the growth of Z. marina (Abe et al., 2003).

Though significant difference in the areal production was not observed among the stations in each
bed, a difference in productivity was still observed between the bed in Ikuno-shima Is. and in Heigun-
jima Is. The difference in local environmental conditions between the two beds was prominently shown
in sediment characteristics. It was reported that seagrass production in temperate regions is often
nitrogen-limited and shoot size and growth of Z. marina are promoted in muddy sediments which
contain more interstitial nutrients than sandy sediments (Short, 1987). Experimental addition of fertilizer
to sediment resulted in an increase in shoot size and biomass of Zostera species (Orth, 1977; Udy and
Dennison, 1997). It is possible that a difference in nutrient availability, due to the difference in sediment
characteristics, could affect the productivity of the two Z. marina beds.

However, all of the differences in the stand characteristics could not be explained by the nutrient
availability, especially in case of the difference in shoot density. In previous reports (Orth, 1977; Udy
and Dennison, 1997), fertilization to the sediment caused shoot density to increase. In general patterns of
Z. marina beds in the western Seto Inland Sea, stands developed on shallow and sandy beds (as at St. 5
in this study) have larger shoot densities than the stands developed on muddy beds (Yoshida et al.,
2013ab). Such stands also exhibit larger relative allocation of biomass to the lower-ground part (Yoshida
et al., 2013ab). Also in our study, more production in a relative abundance was allocated to the below-
ground part at the stand of St. 5 compared to the other stands (Table 1 @2 ).

Sediment grain size composition generally reflects the hydrodynamic conditions at the habitats.
Sediment composed mainly of coarser grains indicates more exposure of the site to currents or wave
actions (Oceanographic Society of Japan, 1986), and sandy sediments of Z. marina beds in Heigun-jima
Is. and Aba-shima Is. indicated severer physical conditions than that of the bed in Ikuno-shima Is.
Physical turbulence could also be a limiting factor affecting sustainability and distribution of Z. marina
beds (Dan et al., 1998; Moriguchi and Takagi, 2005). Shorter shoot size and relatively large below-
ground parts could be adaptive under physically turbulent conditions, to relieve the dragging effect and
increase an anchoring capacity. It was reported that Z. marina growing in the sediment with a high
organic content developed long leaves and disproportionately short roots, which easily causes the shoot
loss by uprooting (Wicks et al., 2009). Effects of environmental conditions on shoot morphology and
stand structures needs further studies to clarify any relationships between them.

Z. marina bed of Aba-shima Is., which is on the way of recovery after the heavy grazing of rabbit
fish, exhibited the lowest biomass and production due to its small shoots and low densities. However, its
daily turnover of biomass was larger than other stands. This indicates that more resources for growth,

such as light and nutrients, are available for each shoot at St. 4 than at other stations, probably due to the
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low shoot density. Higher new lateral shoot emergence at St. 4 also supports this idea.

Future perspective

In the Seto Inland Sea, a considerable area of Z. marina beds has been lost due to the rapid coastal
development and serious water pollution during the period of high economic growth in the 1960’s to the
early 1970’s (Yoshida et al., 2013a). Though recent improvements in water quality have been favorable
to its gradual recovery, effective restoration of Z. marina beds and their ecological functions is still an
urgent issue in the Seto Inland Sea (Terawaki et al., 2005).

Among significant ecological functions of seagrass beds, recent social attention has been focusing
on their potential as a long-term carbon sink. That is, seagrass beds, as well as salt marshes and
mangroves, accumulate substantial amounts of organic matter of both endogenous and exogenous origins
within them and sequester them through burial. It was reported that these vegetated coastal habitats
contribute about 50 % of the total burial of organic carbon in global ocean sediments, though they cover
only 0.2 % in seafloor (UNEP, 2009).

Our results indicate that the function as a carbon sink could be different among Z. marina beds with
their ecological characteristics in two ways, i.e., one is the difference in productivity among Z. marina
beds, and the other is the accumulation efficiency of organic matter in the sediment. These functions are
possibly affected by the topographic characteristics of the Z. marina beds, e.g., the Z. marina bed in
Ikuno-shima Is. formed under sheltered conditions with a vast muddy and high organic sediment area is
potentially more effective as a carbon sink than the Z. marina beds in Heigun-jima Is. and Aba-shima Is.

However, high contribution of the latter two Z. marina beds could be possibly found in another
important ecological function of Z. marina beds, i.e., contribution to fisheries production. As the Z.
marina beds in Heigun-jima Is. and Aba-shima Is. were formed under an open condition, fish
assemblages can easily access and utilize the beds for various ecological usages. In addition, more
benthic small animals as preys for fish are available in sandy sediments than in muddy sediments, which
could heighten the value of the beds in the fisheries production.

The ecological characteristics of Z. marina, such as shoot size, stand structures and production are
variable among its beds or stands even within the same proximate sea area. These variations arise from
differences in physical conditions accompanied with topographic characteristics of each bed, and
diversity in ecological functions of Z. marina beds could also be found with the varieties of their
ecological and topographic characteristics. Though further studies are needed to prove this idea, it could

be an important point to be reflected in the measures of conservation and restoration of Z. marina beds.
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(Dawson ef al., 2005) . =T, AL THY L7227 O — ¥ ZFIZOWTH TR % 5 2 %\, Aurelia
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VAL Fig IOAF— Ao TB I ol £9, S I 7RO T I X T % v — 1L (EEI mm X
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WIZFEL, RYTNEERE L2 BHM Artemia $i% % 24 & L TH 2 THREZMR L7z, TG EH- T
R Ty —VIKAPSFPIZHBL, 1EOR) TZIMOFH L9 em ¥ v —LIZB L7z, KY 7
Ty — VIEAICNE L2 L ZMER L% BEFATICE > TR 7R IR S 872, ZOBRBT, K
Tou—rRfkE L7z,

adult female jellyfishes

No.1 No.2 No.3 No.4
Planulae are
transferred to a dish
A
° o ° 2 5 0 ©
KH1A Planu KH3A KH4A
anulae
metamorphose KH3B
to polyps KH3C
v
vt () vy (1)
A single polyp
is transferred to
anew dish.
Avid Avid
Polyps
reproduce
asexually .
AR Y Y clonal polyp strains N Y
KH2A KH2B

Fig. 1. Scheme for establishing clonal strains of Aurelia polyp. Seven clonal
polyp strains (KH strains) were established from 4 adult female jellyfishes
which were collected on the 19th of September, 2006, at Kurahashi Island
(34°10'17" N, 132°50"17" E) in the Seto Inland Sea of Japan.
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Temperature Change ; 25°C —10°C

57 59 63 (day)

ﬁf%‘%"%“%’%% &

polyp strobila (white) strobila (red)

ephyra morphogenesis

strobilation

onset completion

Fig. 2. Schematic view of Aurelia strobilation induced by a low-temperature
treatment. In this paper, generation of the first constriction is defined
as the onset of strobilation, and detachment of all ephyrae is defined as
the completion of strobilation. When a polyp from the KH3B strain
was subjected to a temperature change from 25°C to 10°C, strobilation
was initiated on the 33rd day, and completed on the 63rd day.
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23-25°CI2C9cem ¥ ¥ —LATHE LR ]}7713 VARM R, HEWEKEZE L%, 15°C £/21F
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THRYTE2BIEL, P r—LATHOTA MO IHPMHRTE/HEZRLEKL, A MO L—2 3 VRFRIc%®
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23 -25°C THE L72RY) F3ERE, 2484270845 —7L—1hF (TPP#) O )VIZEBL, 25 uM
indomethacin % & T iK1 mL H1C23 - 25°C |2 CRi# L, 14H MBS L 72 BRAEpliats, mH, LR
WERTR) 7HBEL, V2IVNTHOTCA NI IR TEHEZRFRL, A MO L -2 a YFE|IZ
BRI RE L.

FAEER

DT o EEEIE, 8B RFRFEEDBEED R BT NE 7 1 — )V FRSS8EEL > & —
TEAT = a v CHE SNz i8dlEK % M L 72
(FAEXEERA)

PR MGRLEIZ L2 A PO L= a Y OFE ] OIS T, KH3B A DR Y 7 % R L 72,
BB, 17HE, 21HH, 24HH, 28HH, 31HH, 35HHIZ, ZNENR) Tx210LT DY ¥ —
LrSEILL, #Lv9em ¥y —LIZB LT, 23-25CI2TH#E L2, RIRMIBIMA%420 BISHRYS S 5

K%Dk~b%ﬁ§b,ﬁUf@ii@M%tXthV~75/#Lﬁbfl747%mﬁttwﬁ®
Moarisk L 72,
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RIRALEERRIATR46H HIZ, RY 72 b T (OO E) 2 ZNENI0EUETDY v —L 25
FUXL, 10E§F024K~< A4 2705 4% —7FL—1b (TPPH) O VIZBBL, 23-25CIITH#E L7z Kl
SLERBIAERS6H IS 2 HIC& Y 2 VEBIEL, R) 70T TofEe Ao L —2 a VST L
T 74 7% Lkl ziiskl 72,

BF RIER
(4°/ I~ DNA OFE)

KHIA MO 7 4 5100 mg ($9100DL) 12, Lysis buffer [8 M Urea, 10 mM Tris-HCI (pH 7.5), 125 mM
NaCl, 10 mM EDTA (pH 8.0), 1% SDS] 400 uL # M1 %, x4 L CH L < B L 721, =il TL5055HE L 72,
20 mg / mL Proteinase K %20 pL iz, 37°C TSHMA ' Fax—1 L7z, o, 2HH X 4HHIZ20 mg/
mL Proteinase K %20 pL $ 2801 L72e L7 4 FEMROKMES THMET L2 Z L 2R L TR 5, 3 M
NaCl %83 uL iz, ENREFIL 721212, 7=/ =V ZuuaRV Atz BT, =4 —VikEizk o
Ts 7 A DNA #ELL 720 7/ 2 DNA OiL#E % 100 uL ® TE buffer [10 mM Tris-HCl (pH 7.5), 1 mM
EDTA (pH 8.0)] 2% L72. 2%, 10 mg/ mL RNase A %5 pL 1z T37°C T3055 1 ¥ F2X— L,
B L7t EHFEL 7. f5N725 ) 5 DNA OREIE43 ng TH- 72
(5.8S rDNA 3EILF D Internal Transcribed Spacer 1 (ITS-1) $BIFO 7 O—=>7%)

KHIA KD 7 2 DNA %851 L LT, 5.85 rDNA & {50 ITS-1 w38 (D%, ITS-1/5.8S rDNA L IF-5)
% PCRETHIIE L 720 79 4 ~¥—& LT, Schroth e al. (2002) St L 7= Aurelia J& O ITS-1/5.8S rDNA
BIEH 7594 ~—ty b MU O S D% 72, PCR O JUS S, 94°C - 347, [94°C - 308
53°C - 3084, 72°C - 1537] Xx35% A4 7 ), 72°C - 753k L7z LN DNAMIA 2 77 A3 PRV ¥ —
pBluescript SK(+) @ EcoRV HZICH 7 70 —=> 7 L, HERHI G =B %> 720 MRS,
IR RS BN AIT e SR S £~ & — R T-FEEREF O Applied Biosystems 3130x1 ¥ = %7 4 v 7 7
FAHEMHE L7z,

(P F R DIER)

Clustal X2% F\»"C, Neighbor - Joining (N - J) & 77— M A b T v TP L) 55 F R & (B L 720
T—bMAMT v TIXI000TB I oz T REEOMEITIL, Mtk - FRT 07T LD Tree View & A
720 SRRRBHERUZ V72 ITS-1/5.8S rDNA OYEIEFHNE LT O L BY TH D,

Aurelia aurita (Scandinavia) [AY935206), Aurelia labiata (Alaska) [AY935202)], Aurelia limbata (Japan)
[AY935215]), Aurelia sp. 1 (Miyazu Bay, Japan) [AY935214]), Aurelia sp. 1 (California) [AY935203],
Aurelia sp. 2 (Brazil) [AY935204], Aurelia sp. 3 (Palau) [AY935209], Aurelia sp. 4 (Palau) [AY935208],
Aurelia sp. 5 (Adriatic Sea) [AY935210), Aurelia sp. 6 (Palau) [AY935207], Aurelia sp. 7 (Adriatic Sea)
[AY935212]), Aurelia sp. 8 (New Zealand) [AY935218]), Aurelia sp. 9 (Gulf of Mexico) [AY935216],
Aurelia sp. 10 (Alaska) [AY935211]

() MIEER&EH, [ ] MNIE accession number % 773,

BREER

RUTIO—2 B0

AP - AR (RBIE) TRELZMED I X7 5P BEMEEOZ N EZNE 75X I H I, K
V70— JTHRE R L7 (Fig. 1o SRMITLLTOHANGE> TRBEIN TV D, JHBDOTFI D2
L KH L, HRELDE Y 57 OREM (Kurahashi) 278 L, 3 FHOFEFIIRH Y 77 Ok
FrERT. WUREYZ 7720 LA CFTHOT V7 7 Xy M TREIT 5, Bl 21X, KH24
& KH2B 1%, L bl 57 No. 2% L& § AUk BRO R TH 5o —7i, KH24 & KH34 D60 &
I, 3XFEOFFINE ) RELIIEE 2 7 7582, MEEGESIETZEAERVEDE L TR 5,
FARMIZOWT, A MBE L= a Y OFEEGERE Lz IX7I770AMuL—2 g ik, K
TEERMIST 2 2 ETHFETEL I EDPMEN TS (Kroiher ef al., 2000 ; Fuchs ef al., 2014 ; &+t
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2014), 2T, HERMOK) T%, 25°C—15°C (@RI 10°C) £25°C —~10°C (fJEE 1 15°C) D21l
D OFMCIRALEL L 72 (Table 1)o ZOFEE, 25°C =15°C £ TIISHBEMLCH A O L - 3~
EFEEINT, 25°C—>10°C £HETIE3R2 - LHTA I L—Y 3 U AFE L 720 2D, 25°C —10°C 4
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e, HBEVIZA MY L= g VICUERRG G L2l LEZ bNb, 72, NLKE HVCIH
MOEGZ B ko2 E, AP0l =2 a YOBE CORMIIIELALFE L TH- 20, ZOHRDA
FEE L= 3 YOMTY, ATHKCIGEMBREENAEZ R L. SNOOFMEEHRAELT, AL
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LB B 4 CRE MK 2 2ci 35 2 212 L7z,
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OVEL—3 3 VFEEIZES 5 HEDED > 720 #1210, North Sea R DR 7 Tld20°C —=12°C &4 TF17
H T (Kroiher et al., 2000), Roscoff (France) H D K1) 7 Ti220°C —10°C 5 F15H T (Fuchs et al.,
2014) A MOYL— 3 UAEEEIND, W UG (5BE - mE) HRkoRY) 7Th, 20°C—15°C
ST -I8HTA MO L= a YSBEENAZ ERMEEINTWE (EH, 2014) . KH RO A b
OV L —3 3 YHEORESDREBN O BEER OB A OMWED &) PIIAHTH 205, ABE TR L
TV L FEGEMNDP R TR WITREE L ZEZ SN b,

Y O, KH3B O R) TN EHALEME G T H A7) —= v ZIffeE2 B, Aol —T 3
VR E & T indomethacin % R L 72 (Kuniyoshi ez al., 2012) , indomethacin % & &K TR 7%
BELLEA KREBELEEZ LACTY, HETCTAMNIEL—-Ya Y EFESTLIENTE S,
indomethacin (2 X 5 A b T Y L — 3 3 ViFE) KH3B ZARICHEAEOBRTH LW REMEDEZ 50T,
KH3B DAY OO F#512 2T b indomethacin D&)A % FH~7- (Table 1) 25 pM indomethacin % & €5 iff7K
FCHERMORY) 7523 - 25°CICTHELZHER, WIhd4-8dTA MO L -2 a V&G Lz, &
DT k75, indomethacin DA O Y L — 3 3 ViFEEEIL, D7 & QHEANEEENO I X7 T 7120 L
TEBNZFEEEZ 55, indomethacin XG0 5 A b ¥ L —2 3 VB E COHBIIERT S &,
KH3B & KHIA HYEM (4-5H) TR L72DIZA LT, KH24, KH34, KH4A XBEDE» -7 (6-8
H)o (RLIE DA TL, KH3B & KHIAZEMEICA hav L —2 g Y &RBL (32-34H), KH24,
KH34, KH4A TIZBEDEDP 72 38-42H). TOXHIZ, A OV L —3 a YBIAE TIZET SIS

Table 1. Strobilation of clonal polyp strains induced by temperature changes or administration of indomethacin.

Strain Duration to the onset of strobilation (day)

Temperature change Temperature change Indomethacin

(25°C to 15°C) (25°C t0 10°C) (25 uM)

KHIA no strobilation * 34 5
KH2A no strobilation * 42 6
KH2B - 34 -9
KH3A4 no strobilation ¥ 38
KH3B -” 32 4
KH3C - 34 -9
KH44 no strobilation a) 42 7

* Polyps did not start strobilation in 98 day.
* Not tested.
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OV, KIRLE DA & indomethacin 5- D56 & OENZHHBMEA L S A 2 & IZBEZR .

indomethacin O #53EiE 1 13 Roscoff D Aurelia 7)) 7 THHEH ST\ 5 (Fuchs et al., 2014) , & 512,
IRy L LSkHRMRIET 2 5 7 HIZE S % Chrysaora quinquecirrha T3, indomethacin |2 £ - T A b
BV L—2aryDfEinsZ el RfESNTw5b (Helm et al, 2015)s @ X 9 12, indomethacin 7%
Aurelia FAEN7ZT TR MO ARY 7T A MO L — ¥ 3 VIFEEREZR L2 &0, 2% LEBHE
LALVOHITIE, A MAE L= g O5FREAINE L Tw D ITREMED SV

AbdOEL—3>0HE

s70— YR E VT, AMOEL—Ya YlEBICBI A IEEE L E BI%E L /2. KH3B %25°C =10°C O
SRR L 7236 O — Bl % Fig. 21013 L FAH33H B ICMFOBE TIZI2H O  husdk:
L, 2L CRARBETANCE 2> TIOTOMML, Hid TR S 7z, BiOBEAEEITE F Tl
trd, EEBUIEIEL: 4HH), BEEROFIEEHIHE LT, OREMOE2?SIHEICRCBIE, MFo
ERAIEE o720 TNENOMIIT T 4 T ORENELZLLTVE, BORBZHD, 714 50WETH
BFFROREAMRTE S0HH). —7F, B#EEHIIRY FLorbtoF £ T, BELIFEACEL
Lol STHHIZWE, #2714 JOENIZITERL, BKkOzoOMENRES) % G0, SOH H LKA
MO ETOREPOIEFIZZ T 4 TN THE, 3HBIZIEETOT T 4 IG5 EELT2e &7 4 T8
SEELRY, REEIER ) TRERMERL TV, 2B, ARTIE, 12HO L UNHE U-ERE 2
FRVYL—Yaroblh & 74900 EEE A oL -3 VO T EHBIL 2,

FIREDEERZMEPR VR L2 2, VEEOER) I7ho5lENs 71 SOHITRTE->TELT,
BEAQ6 - IOIED L7 4 THE LTz, 7z, 7 4 TNEOEEREZ25°C O@EHRBICEL, HHICLD K
FEl4k FBERRBLEZ2BIZ2) L, EERAMNIEL—Ya UPHEEEINz, #2118, REALEE9]
HHO&T 7+ TMMBEORERE25°CIZRE L, S6HD@EHFEY B %o 72k, HE25°C—10°C D&
WML B o728 2A, 9HHIZWEA MO U IPBE SN/, 2EHOAMBE L -2 3 VETHRICD
JEBEERASRY) THEOF T T2 e h s, BEICIET 7 1 I ~OFREELI RGN 2 /R 3B
ETHL0EEZLND,

KRAHEICEZ2 A MO L= a VHEENIEDITONLEME ML 72010, KRLHEEFORY) 7
(KH3B) #25°C ICIRTEBi%E B o7 (FFIERA, Fig. 3A). 25°C —10°C ORI B a5 2, 17,
21, 24, 28, 31, 35SHHODZNZFNOE L THEY FI0IETO%225°CICRE L TH# L2, ZORE 17,
21, 4HOH Y FVTEAIBEL =Y a AR 5T, R TDFFTH-722% 280D~ 7L Tl
IOPCHIES A v L— 3 Y 2B L, 31, 35HOH Y 7V TIEETHOR) FPRA ML -3 v
BE L7z LLEofR e GRMB3SHAEETA MO Y L — a Y AMAT A 2 L (KH3B OBA) 2% 2
Gt E, BBOLAME2SHHATICA PO YL — a VIFEEMNREDIT SN, T EAVRIEBEENS,

COZERFEEC, APBVYL—Y 3 VHBOBETI 7 4 SADOREEGIREENTNDL I L EEK
Th, COTEEMERT LD, AU L—3 3 YEAREHZD NS UEO Z b 0¥ S %25°C THE
TR E B ol (FFEEB, Fig.3B)o ZOME, &£THOAIIET (N=11) IZD2WVT, 25°CH;
EFCTLEFEICAIOEL =2 a VASEITL, RENICETOZ 74 2B LTCA MO EL =2 3 V%5
TL7ze ZOMERS, A MBEL—Ya YiE—HRGBT 2 L, WEICH L CIRKFMICHEITTT 5 2 & 51
Sirk otz B, W URIRLEEORT, $722 0L =23 Y Z2HBLTOWARVEY FI2o0nTd
CHBEBI o722 5, ETCORYTHRAIOEL—Ta VERBL, EWIZETLE (N=13),
IR, FEEBRAPSESN (A OV L—Y a3 YABBMHBNICRES TSNS ] &) EELH
MY AR TH Do

BRNBEI XU 77 O FREER

I X7 774 Aurelia aurita \SMEFHIZIE AT 5 H—FE L 2 5TV 7228, AED 5 FRFEN 12 L -
T, LAV TERED[/GHEEEATND 2 E WS L %) (Dawson et al., 2005), &M Aurelia
BExG L LT, rDNA OEF) % 72501 AT 25D & 7T 5 (Schroth ef al., 2002 ; Dawson et al.,
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(day)
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0 14 28 42 56 -
1 1 1 1 1 26°C
Morphology
on 56% day

polyp  ephyra

polyp % (N=13) 0 13

i-consfriction _
strobile % (N=11) 0 11

Fig. 3. Time schedules and results of the experiments in which polyps were subjected to
short-term low-temperature treatments. (A) Polyps subjected to (a) 17-, (b) 21-,
(c) 24-, (d) 28-, (e) 31-, or (f) 35-day low-temperature treatments were cultured
at 25 °C. The number of animals that did not start strobilation (polyp) or that
completed strobilation (ephyra) among tested polyps (N = 10) is shown on the
right. Filled and unfilled bars respectively represent the incubation at 10 °C and
25 °C. (B) Polyps (N = 13) and strobilae with 1 constriction (N = 11) were
collected from a dish that had incubated at 10 °C for 46 days, and cultured at
25 °C. The number of animals that did not start strobilation (polyp) or that
completed strobilation (ephyra) among tested animals is shown on the right.
Filled and unfilled bars respectively represent the incubation at 10 °C and 25 °C.

2005 ; Fuchs et al., 2014) . 22 °C, S L7227 00— YRk & Aurelia #5758 & OB EHS 20125 5%
7202, BTRERT A B 572,

KHIA Z5ED 7 7 5 DNA %85 E LT PCR # B 7\, ITS-1/5.8S rDNA % 7 0 — = 7 L7z, HEHEHD
B HT DAL, 431 bp OFRFEE SN AE 5 L7 (accession no.: LC081234) o

KHIA Z%5 D ITS-1/5.8S rDNA O ¥i 3L L% & Dawson et al. (2005) 7235t L 72 Aurelia #F8 @ ITS-1/5.8S
rDNA DY IEFLH] % VT alignment % 3 2 2\, Sz d LIS LT FRBB 2K L7z (Fig. 4)o 20
Fi, KHIA SF\% Aurelia sp. 1£ W U7 L — FICHE E N7z, EBE, KHIA RO ITS-1/5.8S rDNA Ot
FeHE, EEd (HAR) BLXOH ) 720 =7 M CKE) TRES NI Aurelia sp. 10N &, ZhEhn
99.1% B £ 1M99.4% &\ ) mWAHFEMEZ IR L7ze Aurelia sp. 11&, WFRHICHRGIL AL T2 2 TH
) (Dawson et al., 2005), HE#EZ &O 7/ AR 5343 5 I X7 7713 durelia sp. 1EEZ 5N 5. il
FNHEE I X2 57RO KHIA 559 Aurelia sp. 112K T TH B &) 5 F RGN O H & % 2
Gbwb e, WENEIZERT S I X7 T 70 Aurelia sp. 1TH AW REMES BV EAVRIEE NS,

L L3 s, RBIFETI ITS-1/5.8S rDNA OFFTRER LAVR L TV \WOT, MEER 2w 2155 720
121, MOBETIZOWTHGTREEN 2B v, XD FECHEL EO L LEN D S,
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Aurelia labiata (Alaska)

358 Aurelia limbata (Japan)
988
Aurelia sp.10 (Alaska)
205
Aurelia sp.8 (New Zealand)
562 Aureliasp.4 (Palau)
997

Aurelia sp.3 (Palau)

690
Aurelia sp.6 (Palau)

Aurelia sp.5 (Adriatic sea)

Aurelia sp.1 (Miyazu Bay, Japan)
987
Aurelia sp.1 (California)
833
| KH1A (Seto Inland Sea, Japan) |

,—Aurelia sp.2 (Brazil)
1000
|_ Aurelia sp.9 (Gulf of Mexico)

Aurelia sp.7 (Adriatic Sea)
<‘263
Aurelia aurita (Scandinavia)
0.1

A

Fig. 4. Phylogenetic tree based on ITS-1/5.85 rDNA gene sequence showing
relations among Aurelia strains. The tree was obtained using the neighbor-
joining method (1,000 replicates). The bootstrap values are expressed as
the numbers in each branch. Scale bar represents 0.1 substitutions per site.
The KHIA strain was classified together with strains of Aurelia sp. 1
collected at Miyazu Bay (Japan) and California (USA).

5>

w A

WENMEICAERT I X255, THRORY 770 — 2R (KHR%) 2L L7 KRS,
INHLOr - Y RFEORBERHEELL, TNFNIIOVWTA MY L —2 3 VICHT AL R L. F77,
3T SRR Aurelia sp. 1 (Dawson et al., 2005) 2RO 7 0 — Y R#iTH 5 2 L ATRME S 7z, BIE,
HFESOMEETIE, Wil - MEAZELTWT, APV L— 3 ViBBEOBHHMEA S KHIA & KH3B
AR & L CHIZEICfEH L T b,

70—V RFIEEENE RV HE—DERMTH L DT, #IZT D polymorphism 237 {, 75 FEWF - £
LFWge % D 2 L TROCTHEHTH D, ORI, 70— 2 R/HIEEF O F OIF5E O BRI O &4 fili
LCTWbDT, BN B2 O®H L2 RGECHhLHEELH Y, 7 u—  RFETHL NS RN
ERICET AR EZ KL T ARWEREL H D, 2O EE2ESHICEWT, 55 THES LR ED
MORFETHHHT 2PHRT LI ENEETHL EER D,

I

KGR MEDHIZH720, I A7 F7K) TOMMBICONWTEL DT FNA AR TAWT L B RS RFERAE
YRR FE—t W EIE AL, SREREAIOECEST A L L QIR L L TS,

F7o, R TOMBERFERICNL, IRERFERF A BRI S T N E T 1 — v FREEEE IS
Yy — MEAT— g v TS NEEIRK 2 L7z SBERECHIHTICIE, 8BRS ERBEAIE
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FTREMFE Y v ¥ — BB TFEEERM O Applied Biosystems 3130xl ¥ =47 4 v 7 T F IAF2H L7z, &
DY % ) THFLH L BF 5,

ARWFFEIE, PHR0FEN BRFRIES - BHEWMTE— RIS & U204 B L & K R Be AR W B A
WeRt - e RFBEFREM MR OTIRD S L TEHm SN,

5| Rk
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Characterization of Clonal Polyp Strains Established from Aurelia sp.
Inhabiting the Seto Inland Sea of Japan

Natsumi Tsunta, Rie Kuropa, Izumi Okumura, Sayaka YosHioka, Minami NAKATANI,

Hiroki Kovama and Hisato KuniyosHi

Graduate School of Biosphere Science, Hiroshima University,

Higashi-Hiroshima, Hiroshima 739-8528, Japan

Abstract In the life cycle of Aurelia sp., the transition from polyp to strobila/ephyra is called

“strobilation”. To study the molecular mechanisms of strobilation with molecular biological and

biochemical approaches, we established 7 clonal polyp strains from Aurelia sp. inhabiting the Seto Inland

Sea of Japan. In laboratory condition, the clonal strains started strobilation in 32 - 42 days by a temperature
change from 25°C to 10°C, or in 4 - 8 days at 25°C by administration of indomethacin (25 pM). The

experiments of short-term low-temperature treatments revealed that strobilation proceeded to the end

independently of temperature after strobilation had been initiated. Further, molecular phylogenetic analysis

suggested that the clonal strains could be Aurelia sp. 1 (Dawson et al., 2005).

keywords: Aurelia sp., clonal strain, molecular phylogenetic analysis, polyp, strobilation, the Seto Inland

Sea
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HERED DIRESNEDTLSYHF I HA
(BABWP, B, Y I AR

ARHCT - aHEE? - EHRETY - BR R

D T240-0104 %) AR 775 442-6-3-504
DL B WA, T240-0111 A% =i EREE LT —f12123-1
DR B RS RS A BRI TR, T 739-8528 i R i gl 1-4-4

Z B AT AT I A A Lyonsia kawamurai Habe, 195275, WAL D IRE SN2 K
FEORERGKID R, 44 THEBOMBE DI, KOS, HRE L HEE» S ORE»H 5
DHRTH D, WREWIEN D OREOIREIIWLERTH L I L h Oz fmilike LTHET %0
F—T—=R I HTLTIYFIFA, WEBY, THEM, S IR, AN

E

AT NT WS I A Lyonsia kawamurai Habe, 19521, BB % ¥ 4 T & L TR S Lz 3

HARO—FETH S (Habe, 1952) REOFERLFEI D% L, TN E TITHIBE (Habe, 1952 ; Kuroda et

al., 1971 ; Okutani, 2006) D137, AHEE, HPIE, FEE TS L O ekt - FrEs, 2001) A

SHESNTVBIZTER WV, EESIIAMZ CNE CREBO R o AN L VIRE LD T, Hizhk
SAiRLERE LTS 5,

i

TS et

¥ 3 H A )& Lyonsia Turton, 1822

HT L THW I I HA Lyonsia kawamurai Habe, 1952 (Fig. 1)

MEf, WIS FL oy DICTHRE

FEH TN HE ZEElE KE42.5m  2fEfF (No. 1: L (%) =18.6 mm, H (&%) =11.4 mm, B G&i&)
=5.8 mm, No. 2 : L=15.6 mm, H=10.5 mm, B=5.3 mm) (EH),
A KIE26.7m  2ME{A (No. 3 : L=17.6 mm, H=12.3 mm, B=5.8 mm ; No.4: L=19.1 mm, H=13.3
mm, B=6.6 mm) (EH)

O 2

RUSAEMAE TR I, BHNADPVWRIEE D OOR MO S, BRIEREL, BmHIEERIEIRICZ 2,
KA ORNIT AT, B T C BREMIZICH o MTEIZRRRi FICME L, BimdB2561% 127 %,
R MEv e BT BN 2 SR, RO R b O, BRI THHWE C ORI DS %, E
FFCIE, ORI > TEHOWk % 5% S eEKHE2 FHo T b, W, BEHRLROD S0,
TTHD R R A (T & s & DSNET %o AAmEE, ARORKE(L L3 m CEDNTO Rz %,
Bld v, BERITECBAT S,

JI

20154E9H9H 8 * E-mail: takn@hiroshima-u.ac.jp
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INF TIZHARB LU S F I A (Lyonsia) DI, BT LTI FFIHA, $HFF 344
Lyonsia ventricosa Gould, 1861, < ¥ 7 A %47 I 4 A L. praetenuis Dunker, 1882D3fE 35 ST 5
(Habe, 1981 ; Higo et. al, 19997 &) (Fig.2)o

Habe (1952) &, MBI & ) $RE SN Z3R13 Imm, ##5102mm OFEE S & 10H T AT F 377
A BRI L 720 & A TEARIZHA, AR SERE S NEERE, I bR 2@EOm S A%

Fig. 1. Lyonsia kawamurai Habe, 1952 collected from the Seto
Inland Sea.

Lyonsia kawamurai

v

L. praetenuis

L. rostrata

Fig. 2. Comparison of the shell forms of the specimens belonging

to the genus Lyonsia that have been reported from Japanese
waters. The filled-inverted triangle (%) shows the umbo
of the shell. (besed on the type specimens illustrated in
Lishike, 1874, Dunker, 1882, and Habe, 1952.)
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F L v

AFENEHUT A9 I A OFITEMET, §iiEEAv. BANAPWE POMEIRIC R 5, BT
T AT F I AN L, RIGERIEERITEIRIC 7 50 BEROMIE, HRIHTBIZE L Do RTEHIEHTTIC
friE L, Bl 5R65% OFET 5, HBETHIZIMEN T, BESTHR %5 ETRLS (Gould,
1861),

DT AYHF ITA ORBIIFEHET, FIFFIEA V. BHNEDRVE M DAWEIRIC 2 & 2, RTHIE
FIJTVACEE L, i DAI66% (BT 5o B HAEMRN TRITITEMRICZL 2L THAT LT
PHFFIFTARLH Y FI A LR7% 2L (Dunker, 1882) ¥ ¥ 7 A4 I 4 11X, Habe (1981) 12X DAl
R, JK8200m % & A 7 REH & L CRLEk S L7z Lyonsia tanakai Habe, 198112%} L CTHEME S L7 H
% Cd 575, Huber (2010) (X, L. tanakai %, L. praetenuis D3/ =5 & LT\ 5, R Cld Huber (2010)
OFFICHL, VT AT F I T OFEYLE LT L praetenuis % i\ %,

z =B

AL THYF I OREE, 5 A THEBTH LM (Habe, 1952) O, KPERTIRLHF
B, BAUEGRECIERE R, BP0 & B R Tl X OSBRSS (Habe, 1952 © Habe, 1981 : JbAT -
WIS, 2001) 25MESINTVBIT E v, TRE TITHEANEAS OLFIE AV (%, 1988% &)

AREAIREE S N7z ipiid, R O KERN42m & EFHET OKER2TMm OMET, wInb FLy Y
WL BHRETH S, REIZENZENEHR L) O, LR E R Th o 720 FFFICERE SRR EI L,
GEEWTIE, 77 Y F v u Volachlamys hirasei (Bavay, 1904), F 3~ # > 7 Anomia chinensis Philippi,
1849, A ¥ L E 4 Nipponocrassatella nana (Adams & Reeve, 1850), 7 T 4 Oxyperas bernardi (Pilsbry,
1904), 7 FX=7F Corbula venusta Gould, 1861 D5fE, T Tlx, ¥~ X/ 77 5 A Crepidula onyx G.
B. Sowerby I, 1824, 7 J L 4 A Nassarius conoidalis (Deshayes, 1832), ~ )V 3 I T # A Didimacar
tenebrica (Reeve, 1844), Y <& N b ¥ A Arcuatula japonica (Dunker, 1857), AZLET 4, THINVHA
Mactrotoma angulifera (Reeve, 1854), .7 ¥ % 4 A4 Moerella rutila (Dunker, 1860), /X F 7 < 7 Solen
roseomaculatus Pilsbry, 1901, 7 FX= 7 OfEAFGLER S 17,

KIED 5 A T HEHIIAEE DKE60-70m Tdh % & ST % (Kuroda ef al., 1971)0 THUE, SEIOHR
IR LD RS, HEBNE BT 2R 2 S PR T O ZHUH 053 120w Tt L 72 Okutani
(2006) 1, ATEAVKZR100m LUK, B & Z10-50m O F 7213R L ) OB#ICAERT 22 L2 MG LTHEY,
EH5OORAMR L —ET Ho £72, Okutani (2006) 13, #7T L THHF I7 A LEPMETH 27 2
TADBEANAIER L 2 W L2 fE LT b, SRIOFETS, 77 LT I A HERE S N7z
WHET S IFALFEE SN T, WEIIEAG T EZ L TV A REEIRIE S LS,

%El

2

AEHREIC T w7272 W R B R A AT R AR S AL O R TP OADEIR 2 X Lo A
BF, R BRFERF B ERADZER O P BEIC, Merry Sailonga Faluaburu [, O R K, i 25Ko
FIUTEHH L 1T 5,

5| Rk

Dunker, G. 1882. Index Molluscorum Maris Japonici Conscriptus et Tabulis Iconum XVI Illustratus. Novitates
Conchologicae. Abbildung und Beschreibung Neuer Conchylien Supplement VII. T. Fischer, Cassel, vii +
301 pp., 16 pls.
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Record of Lyonsia kawamurai Habe, 1952 collected from the Seto Inland Sea
(Mollusca, Bivalvia, Lyonsiidae)

Atsuko KuramocHt”, Takashi Kuramocnr®, Akiko Kor’, and Takeshi Naganuma®

2-6-3-504 Ashina, Yokosuka, Kanagawa, 240-0104, Japan
Hayama Shiosai Museum, 2123-1 Isshiki, Hayama, Kanagawa, 240-0111, Japan
* Graduate School of Biosphere Science, Hiroshima University 1-4-4 Kagamiyama,

Higashi-Hiroshima, 739-8528, Japan

Abstract Specimens of Lyonsia kawamurai Habe, 1952 were collected from the Seto Inland Sea. The
archived occurrences of this species have been recorded so far in Sagami Bay (type locality), Wakasa Bay,
and off-Niigata. We hereby report that additional specimens were newly collected from the Seto Inland Sea.

Key words: Lyonsia kawamurai Habe, 1952, Mollusca, Bivalvia, Lyonsiidae, Seto Inland Sea
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Fig. 1. Sea cucumber specimens collected from the Seto Inland Sea. 1a-1i. Pentacta nipponensis Clark, 1938, la.
Ventral view, 1b-1e. Button-like ossicle, 1f. Cage-like ossicle, 1g. Tube foot-supportive ossicle, 1h. Dish-
shaped ossicle 1i. Tube foot-supportive ossicle.
2a-2f. Pseudocnus echinatus (von Marenzeller, 1881),
2a. Ventral view, 2b. Club-like ossicle, 2¢-2d. Tower-like ossicle, 2e-2f. Plate ossicle.
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New records of sea cucumbers collected from the Seto Inland Sea
(Echinodermata, Holothuria, Dendrochirotida)

Takashi Kuramoctr”, Atsuko Kuramochr”, Akiko Kor’, and Takeshi Naganuma”

YHayama Shiosai Museum, 2123-1 Isshiki, Hayama, Kanagawa, 240-0111, Japan
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YGraduate School of Biosphere Science, Hiroshima University 1-4-4 Kagamiyama,

Higashi-Hiroshima, 739-8528, Japan

Abstract Specimens of the holothurians Pentacta nipponensis (Clark, 1938) and Pseudocnus echinatus
(von Marenzeller, 1881) were newly collected from Geiyo-Seto and Akitsu-Nada, both in the Seto Inland
Sea. We hereby report these specimens as the first records of the occurences these species from the Seto
Inland Sea.

Key words: Pentacta nipponensis, Pseudocnus echinatus, Seto Inland Sea, Dendrochirotida
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The ergasilid copepod Neoergasilus japonicus infecting smallmouth bass
Micropterus dolomieu in central Japan

Kazuya Nacasawa"* and Midori Oe”

" Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
? Faculty of Applied Biological Production, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan

Abstract Adult females of the ergasilid copepod Neoergasilus japonicus (Harada, 1930) were
collected from the fins and skin of the smallmouth bass Micropterus dolomieu Lacepede, 1802, an
invasive alien fish of North American origin, caught in a pond, Nagano Prefecture, central Japan. This is
the first Japanese record of N. japonicus from M. dolomieu and the third species of parasite infecting this
fish species in Japan.

Key words: Copepoda, Ergasilidae, fish parasite, invasive alien fish, Micropterus dolomieu,

Neoergasilus japonicus, smallmouth bass

INTRODUCTION

Two species of the centrarchid genus Micropterus Lacepéde, 1802, i.e., largemouth bass M.
salmoides (Lacepede, 1802) and smallmouth bass M. dolomieu Lacepéde, 1802, were introduced from
North America into Japan in 1925 and the 1990s, respectively, and have established their populations in
Japan (Senou, 2002; Senou and Hayashi, 2013). The parasitic copepod fauna of these species are poorly
known in Japan: two species, Lernaea cyprinacea Linnaeus, 1758 (Lernaeidae) and Neoergasilus
Japonicus (Harada, 1930) (Ergasilidae), have been reported only from M. salmoides (Kasahara, 1962 for
L. cyprinacea; Nagasawa and Inoue, 2012; Nagasawa and Sato, 2015 for N. japonicus). This paper
reports on the occurrence of N. japonicus on M. dolomieu caught in a pond, Nagano Prefecture, central

Japan.

MATERIALS AND METHODS

Four individuals of M. dolomieu were collected using hook and line in Harinoki Pond (36°48'43"N,
138°13'15"E), Shinano Town, Nagano Prefecture, central Japan, on 10 August 2008. These fish were
fixed in 10% formalin immediately after capture and brought in a bottle to the laboratory at Hiroshima
University, Higashi-Hiroshima City, Hiroshima Prefecture, where they were measured for standard
length (SL) in millimeters and examined for metazoan parasites with a dissecting microscope. Copepods

were carefully removed from the fish, preserved in 70% ethanol, and identified. Voucher specimens are
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deposited in the Crustacea (Cr) collection of the National Museum of Nature and Science, Tsukuba City,
Ibaraki Prefecture, Japan (NSMT-Cr 24301). The scientific names of centrarchid fish used in this paper
follow Senou and Hayashi (2013).

RESULTS AND DISCUSSION

All of the four individuals of M. dolomieu examined (138-180 [mean 157] mm SL) were found
harboring a total of 723 adult females (60-291 [mean 180] females) of N. japonicus (Fig. 1) on the fins
and skin. Most of these females were found on the fins, especially the dorsal and caudal fins, but some
were attached to the skin of the head region. In addition, 215 adult females of N. japonicus were found
detached on the bottom of the bottle used for the fish transportation, thus the actual number of the

species infecting each fish is very likely to be higher than the observed one.

Fig. 1. An adult female of Neoergasilus japonicus from a smallmouth bass
Micropterus dolomieu in Harinoki Pond, Nagano Prefecture, central
Japan. Alcohol-preserved specimen. NSMT-Cr 24301. A, dorsal
view; B, lateral view. Scale bars: 0.2 mm in A and B.
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The present collection represents the first record of N. japonicus from M. dolomieu in Japan but is
not surprising because this copepod is not host-specific to fish and can utilize both native and exotic fish
as its hosts (Nagasawa and Uyeno, 2012). It is known to have been introduced into the U.S.A., where it
infects M. dolomieu, M. salmoides, and other freshwater fish species (Hayden and Rogers, 1998; Hudson
and Bowen, 2002).

Neoergasilus japonicus is the third species of parasite infecting M. dolomieu in Japan, where only
two species of flatworms (Platyhelminthes) have been reported from this fish species: a digenean Azygia
anguillae Ozaki, 1924 (Plagiorchiida: Azygiidae) (Shimazu, 2007, 2014) and a cestode Proteocephalus
Sluviatilis Bangham, 1925 (Proteocephalidea: Proteocephalidae) (Scholz et al., 2007). As in the case with
N. japonicus, these parasites were found in Nagano Prefecture, indicating that nothing is known about
the parasites of M. dolomieu in other prefectures of Japan. Of these two flatworms, P. fluviatilis was
introduced, most probably with centrarchid fish, from North America into Japan (Scholz et al., 2007). As
our knowledge of the parasite fauna of M. dolomieu is still quite limited in Japan, more work is needed
to clarify it in the country.

The present collection of N. japonicus in Nagano Prefecture constitutes its new prefectural record in
Japan. To date, the species has been reported from Hokkaido, Gunma, Hiroshima, Shimane, Nagasaki,
and Okinawa prefectures in Japan (Nagasawa and Uyeno, 2012, 2015; Nagasawa and Inoue, 2012;
Nagasawa and Nitta, 2013; Nagasawa and Obe, 2013; Nagasawa and Sato, 2015; see Nagasawa et al.,
2007 for the earlier literature).
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Lernaea cyprinacea (Copepoda: Lernaeidae) and Argulus sp. (Branchiura:
Argulidae) parasitic on the freshwater goby Rhinogobius sp. TO endemic to Japan
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Abstract The freshwater goby, Rhinogobius sp. TO, is endemic to Japan and occurs only in the
Tokai District, central Honshu, Japan. The lernaeid copepod, Lernaea cyprinacea Linnaeus, 1758, and
the argulid branchiuran, Argulus sp., were collected from specimens of this goby in Aichi Prefecture.
These crustaceans are the first parasites found from Rhinogobius sp. TO.

Key words: Argulus sp., Branchiura, Copepoda, fish parasite, Lernaea cyprinacea, Rhinogobius sp. TO

INTRODUCTION

The genus Rhinogobius (Perciformes: Gobioidei) is a specious gobiid group and currently consists
of 17 valid species in Japan (Akihito ez al., 2013). Some species of this genus, however, have not yet
been identified at specific level, and tentative scientific names have been used for them. Rhinogobius sp.
TO is an example of such use, and “TO” is used because the distribution of the species is restricted to the
Tokai District, central Honshu (Suzuki and Sakamoto, 2005), where it occurs in four prefectures (Gifu,
Mie, Aichi, and Shizuoka) (Suzuki and Mukai, 2010; Akihito et al., 2013). To date, no parasite has been
reported from this goby.

Recently, two species of crustacean parasites, Lernaea cyprinacea Linnaeus, 1758 (Copepoda:
Lernaeidae) and Argulus sp. (Branchiura: Argulidae), were found infecting Rhinogobius sp. TO in Aichi
Prefecture. These crustaceans are the first parasites found from this goby.

MATERIALS AND METHODS

Two specimens of Rhinogobius sp. TO were collected using a hand net in a pond, western Aichi
Prefecture, on 3 June 2012. The specimens were frozen and sent to the laboratory at Hiroshima
University, Higashi-Hiroshima City, Hiroshima Prefecture, where they were thawed, measured for
standard length (SL) in millimeters, and examined for ecto- and endoparasites with a dissecting
microscope. Parasitic crustaceans were carefully removed from the hosts, fixed in 70% ethanol, and
identified. These specimens are retained in the senior author’s collection for a detailed morphological
study, but those of L. cyprinacea will be later deposited in the Crustacea collection of the National

Museum of Science and Nature, Tsukuba City, Ibaraki Prefecture.
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RESULTS AND DISCUSSION

The two specimens (32.2 and 30.4 mm SL) of Rhinogobius sp. TO were infected each by three and
two individuals of Lernaea cyprinacea (Fig. 1A-B). These individuals consisted of three gravid females
with egg sacs (Fig. 1C-D), one immature female without egg sacs, and one copepodid. Except the
copepodid found on the host’s skin near the ventral fin, the females inserted their anterior part of the
body into the musculature (n=3) and body cavity (n=1) of the host (Fig. 1A-B). The inserting sites were
the caudal peduncle (n=1), the isthmus (n=1), and near the base of the ventral (n=1) and anal (n=1) fins.
The gravid (n=3) and immature (n=1) females were 7.0-8.9 (mean 7.7 mm) mm long, excluding the egg
sacs, and 4.0 mm long, respectively.

One (30.4 mm SL) of the two specimens of Rhinogobius sp. TO also harbored an early-stage larva
(0.9 mm long) of Argulus sp. (Fig. 1E) on the body surface. Two species of Argulus, A. japonicus Thiele,
1900 and 4. coregoni Thorell, 1884, are known to infect wild freshwater fish in Japan (Nagasawa, 2009,
2011), but these species cannot be differentiated from each other at early stages of their larvae (Shimura,
1981). Thus, the larval specimen collected is herein reported as Argulus sp.

The fish material examined in this study was collected in Aichi Prefecture, where L. cyprinacea has
been reported before (Kasahara, 1962; Nagasawa and Torii, 2014; Yoshimine ef al., 2015). In this
prefecture, L. elegans, which has been synonymized with L. cyprinacea (Harding, 1950), was described
by Leigh-Sharpe (1925) and Matsui and Kumada (1928), and a taxonomic issue remains regarding
validity and synonymy of these two taxa (see Kabata, 1979, p.154; Nagasawa et al., 2007). Thus, the

Fig. 1. A gravid female of Lernaea cyprinacea and a larva of Argulus sp. from Rhinogobius sp. OR
in a pond, western Aichi Prefecture, central Honshu, Japan. A-B, fish infected by L.
cyprinacea, ventral (A) and lateral (B) views; C-D, whole body and cephalothorax of L.
cyprinacea, dorsal view; E, Argulus sp., dorsal view. Alcohol-preserved specimen of L.
cyprinacea (C-D); fresh specimen of Argulus sp. (E). Scale bars: A, 5 mm; B-C, 3 mm; D, 1
mm; E, 0.2 mm.
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specimens of L. cyprinacea collected in our studies (Nagasawa and Torii, 2014; this paper) will be

studied to solve such a taxonomic issue.
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Two new prefectural records in Japan for the salmonid parasite,
Salvelinema salmonicola (Nematoda: Cystidicolidae)
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Abstract Specimens of the cystidicolid nematode Salvelinema salmonicola (Ishii, 1916) were
collected from the swim bladder of river-resident masu salmon, Oncorhynchus masou masou (Brevoort,
1856), in Yamagata and Shimane prefectures, Honshu, Japan. This nematode is reported herein for the
first time from these two prefectures in Japan.

Key words: masu salmon, new locality records, Oncorhynchus masou masou, parasitic nematode,

Salvelinema salmonicola

INTRODUCTION

The cystidicolid nematode Salvelinema salmonicola (Ishii, 1916) is found in the swim bladder of
freshwater salmoniform fish (Salmonidae and Osmeridae) in the North Pacific rim region (Moravec and
Nagasawa, 1999). In Japan, this species is known to infect various species of salmonids, including masu
salmon Oncorhynchus masou masou (Brevoort, 1856), amago salmon O. masou ishikawae Jordan and
McGregor, 1925, chum salmon O. keta (Walbaum, 1792), coho salmon O. kisutch (Walbaum, 1792),
sockeye salmon O. nerka (Walbaum, 1792), rainbow trout O. mykiss (Walbaum, 1792), brown trout
Salmo trutta Linnaeus, 1758, white-spotted charr Salvelinus leucomaenis leucomaenis (Pallas, 1814),
Japanese charr S. leucomaenis pluvius (Hilgendolf, 1876), and Dolly Varden S. malma krascheninnikovi
(Taranetz, 1933), in the southern Kurile Islands and two of the four major islands, i.e., Hokkaido and
Honshu (Moravec and Nagasawa, 1999; Nagasawa and Furusawa, 2006; Nagasawa et al., 2010, 2013;
see Nagasawa et al., 1987 for the earlier literature). In Hokkaido, the nematode also has been recorded
from Japanese smelt Hypomesus nipponensis McAllister, 1963 (Osmeridae) (Sakurai and Sakai, 1943).

During a study of the parasites of salmonids of Japan, we found S. salmonicola from river-resident
masu salmon in Yamagata and Shimane prefectures, which is herein reported as new prefectural records

for this nematode in Japan.

MATERIALS AND METHODS

Two individuals of masu salmon, Oncorhynchus masou masou, were collected using hook and line
in the Oyoko River (38°46'58"N, 140°27'43"E), a tributary of the Oguni River within the Mogami River
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system, at Shimo, Mogami-cho, Yamagata Prefecture, on 4 April 2010. One individual of the same fish
species was also collected using hook and line in the Masuda River (34°39'52"N, 131°58'32"E) at
Tsumo, Mito-cho, Masuda City, Shimane Prefecture, on 12 May 2015. The former fish were frozen
within the day of capture, while the latter fish was kept alive after capture. These fish were transported to
the laboratory at Hiroshima University, Higashi-Hiroshima, Hiroshima Prefecture, where the frozen fish
were thawed and the samples from both rivers examined for metazoan parasites with a dissecting
microscope after they were measured for standard length (SL) in millimeters (mm). Nematodes were
collected from the swim bladder and preserved in 70% ethanol (those from the fish from Takatsu River
were first fixed in hot water and transferred to 70% ethanol). They were cleared with glycerine for
microscopy examination. Voucher specimens are deposited in the Aschelminthes (As) collection of the
National Museum of Nature and Science, Tsukuba City, Japan (NSMT-As 4297 and 4298 from Yamagata
and Shimane prefectures, respectively). The scientific names of fish and amphipods used in this paper

follow those recommended by Nakabo (2013) and Tomikawa and Morino (2012), respectively.

RESULTS AND DISCUSSION

One (173 mm SL) of the two masu salmon from the Oyoko River, Yamagata Prefecture, and one
masu salmon (205 mm SL) from the Masuda River, Shimane Prefecture, were found infected with 37
and four nematodes in the swim bladder, respectively. These nematodes are morphologically identical
with the specimens of S. salmonicola described by Moravec and Nagasawa (1999) from northern
Honshu, Japan. The specimens (n=37) from the Oyoko River consisted of 14 males and 23 females
(mostly mature ones with non-larvated eggs), and those (n=4) from the Masuda River were all mature
females with non-larvated eggs.

In Japan, S. salmonicola has so far been reported from the southern Kurile Islands (Etorofu and
Shikotan islands) and six five prefectures (Hokkaido, Aomori, Ishikawa, Shiga, Hiroshima, and
Yamaguchi) (Fig. 1, Nagasawa and Furusawa, 2006; Nagasawa et al., 2010, 2013; see Nagasawa and
Furusawa, 2006 for the earlier literature). There is no record of the species from two major islands in
southern Japan, i.e., Kyushu and Shikoku. The present finding of S. sal/monicola in Yamagata and
Shimane prefectures constitute its new prefectural records in Japan.

Nematodes of Salvelinema are known to use freshwater amphipods as obligate intermediate hosts in
their life cycles (e.g., Margolis and Moravec, 1982), but much remains to be studied on the life cycle of S.
salmonicola in Japan. To date, larval worms of the species have been found from an unidentified
gammarid (reported as Gammarus sp.) (Gammaridae) and Sternomoera japonica (Tattersall, 1922)
(reported as Paramoera japonica) (Pontogeneiidae) in unspecified rivers and fish farms, Hokkaido, and
the Rokumaibashi River, Aomori Prefecture, respectively (Koshida, 1905, 1910; Moravec and
Nagasawa, 1986). Recently, Nagasawa et al. (2010) suggested that this nematode may use a different
species of amphipod, Jesogammarus (Jesogammarus) jesoensis (Schellenberg, 1937) (reported as J.
Jesoensis) (Anisogammaridae) in Lake Toya, Hokkaido. A total of 36 species of freshwater amphipods
belonging to nine families occur in Japan, and each species has its specific regional distribution pattern
(Tomikawa and Morino, 2012), which suggests that S. sa/lmonicola may utilize various species of
amphipods as its intermediate hosts in different regions of Japan. Thus, when we find S. salmonicola in
salmonids, it is desirable to collect amphipods at individual sampling sites for subsequent examination

for larval nematode infection as the first step to clarify the life cycle of the species.
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Fig. 1. Map showing the collection localities of Salvelinema salmonicola in Japan (modified
from Nagasawa and Furusawa, 2006). Prefectural boundaries are shown by dotted lines.
O : the present records, @ : the past records.
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Fig. 1. A young Pacific bluefin tuna, Thunnus orientalis, infected by a trematode Hirudinella sp. A,
infected fish; B, trematode (t) in the host’s body cavity; C and D, trematode in contracted (C) and
extended (D) conditions. No external disease sign was observed in the fish (A), but the surface of
the intestine (i) and the spleen (s) around the trematode (t) was partially colored in black (B). h,
heart; 1, liver, f, fats surrounding the pylotic caeca. Scale bars: A, 50 mm; B, 20 mm; C, D, 5 mm.
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A giant trematode Hirudinella sp. in Pacific bluefin tuna, Thunnus orientalis,
cultured in Japan

Kazuya Nacasawa

Graduate School of Biosphere Science, Hiroshima University,

1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan

Abstract A trematode identified macroscopically as Hirudinella sp. was found free in the body cavity
of a young individual (197 mm standard length) of Pacific bluefin tuna, Thunnus orientalis (Temminck and
Schlegel, 1844), cultured in coastal waters of the Bungo Strait (western North Pacific Ocean) off Oita
Prefecture, Kyushu, western Japan. When found, the trematode was pale purple in color and as big as 34
mm long. This finding represents the first record of Hirudinella sp. from T. orientalis. The infected fish
showed no external disease sign, but part of the surface of its visceral organs around the trematode was
black-colored. The fish probably had become infected by the trematode in the ocean before it was farmed.

Key words: fish parasite, Hirudinella sp., mariculture, Pacific bluefin tuna, Thunnus orientalis, trematode
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Fig. 1. Photographs of two parts of fishes that were collected from the estuary of Fushino River in
Yamaguchi city, western Seto Inland Sea.
A: dorsal view of the posterior part of a Whip stingray, Dasyatis akajei, 13.8cm DW collected in
September 2006. Two arrows show the measurement portion used for calculating disc width. B:
all contents in the anterior part of the gut of a juvenile Tiger pufferfish, Takifigu rubripes, 12.1cm
SL collected in October 2012. The pieces of No.1-4 which has been restored to the original
condition are identified as the caudal portion of D. akajei. Scale bar shows 2cm.
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Fig. 2. Size distribution of the large-sized D. akajei’s body pieces which were
detected in the gut contents of the juvenile Tiger pufferfish, 12.1cm SL.
The arrow shows the mouth width of the pufferfish.
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T O RS C 1 T ASAHE O R 1 00 & B G L 7220124 DRI, ARREAMHE ICIRE SN D LI Ik o 72
&, 27MER T S A 2MEE O (ALC, MEES v ) oS LY, SThRITEEE LTLEEIC
BT L (20124, ALC HEEERS/N8, 1 M0, »'=0.37, df=1, P>0.05, Maf&7n v b33/18, x=0.52,
df=1, P>0.05: 20144F, ALC HE#51/9, =10, df=1, P>0.05, WfiEH v FE1/9, =011, df=1, P>0.05),
[FPTIZ BT 52005420 5 OFFE QOIFLIEE B <) B X T19794FE 0 5 O EE15EH O FHREREERT b AFE
ZIEEACTRESN Do 722 &, ST CIRBIF N S AR OB 8 5 2 LV S (A,
1997), HIEHLDOINT TOMETIE, MMM O TSR - BB IFHGEE 2 520km BN, H< &
H40km ENOTEICHEO NS L9 TH Y (FEH - #, 2012), [FFTIZ40km B OGS & 7 1) FEE 7 BT -
WELTERWEEZZONL 2L L), FAFCRESNL L QIR EEZ 5N b, B, FE (2011)
&, B CI/NRK R &, REEEECIIRTE B CRRE S, R L TEED S EITABE L 2%
A ZDOKREHR 57 7R (044, 13~27cm SL) OAEMEZ G, KM & i Ttk
BRDOEN Dol LT WA,

2. WRBINLETHIADEY A XEEDHTE

WIZ, ZONT 77 RHELET I A IROE £ X &R OV TR L7z BESM 20z
L0, 8T TN L DT I ITA DREATHAIWETE L, T3, EEINLT A A ORI A XEHEE L7z,
gl HIL LT A O LIEEEOS G2 S RGO BEEE36.7mm Tdh o 72, HEEDHE L727
FEANZDOWTC, AR F MR D2.739 £ 0.5971 (n=7) THh o720 fito T, KMAEDOEHERIX10.0=2.2cm
L SNz RERIRIZEIER O LI (1=12) 2O T, AES N7 H T A OFHEIEIZ11.1£2.4cm TH 5,
HeE2, AMEEORBEIZ23.2mm TH - 720 HEEOE L 7% 5 BHE L 4 05E & ORE% Fig3l2R8§ . Filh
oIy, BB A L 22EESHE T2 X 10405 L% 250, 19.8cm DW BLETIEY 1 Xickt
NTRBESAEIHERS L Tw b, SNH21MEE (Fig3DIKm ) % v 72190184k (Fig.30 %
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f ) T, DW =0.343 - LS+4.867D LRGN TR S /- (=0.935, n=190, P<0.01), ZZ°C, DW : fk
#IE (em), LS : B#iE (mm) Th b, fto T, WEINLTH T A OFKERIZ12.8+3.7cm L HEE S 7z,

RLRFEXEDINCD, TNERBEO SRS RRIE N E12X 50T, FFICEHE30mm LLETILiE
FETHbo HEl, 28 BEBIHVCOBEXBMANTH Y, MHEFZYLZIOEEZ L) MNTE R,
HEENIWH OEICIZ & D720, INSOIHEE SNZTREM DS D Do 7 H T A1, 5~8HICNBEOE VIR
AR 10cm HI 2 D a1 2 5~ 10 M ES 5 & &, HEEZODRITERITIEmE & b —F ko
ThbZ e, ME2-3HE»HEHZHGT A2 (THH, 1997), ST LIS oM, HoEE%TE -

W THRET A2 & (LE, 2009) HISNE. A AEMEOHEERERIZII~13ecm iz THL 2 L,
FRIZIOATH Y EFHoBTH L 2 & L), FREE (0124F) IZEFNHBTH 5,

3 5 s
3 0 ,,,,,

25 s
20 %
51 S
10

Disc width (cm)

“ DN = 0,343 x LS+4. 867

; F=0.935 n=190
P <001

0 i~ , , , , ’ ’ ’

10 20 30 40 50 60 70 80

Length of venomous spine (mm)

Fig. 3. Correlation between the length of the venomous spine and the disc width of D. akajei.
The solid line indicates the regression line. The dotted line shows the 95% confidence
interval for the value of individuals. Black circles: used individuals for the analysis.
Gray circles: unused individuals for the analysis.

KIS, SONTTTPMELLT B A BEOHERIZOVTHRE Lz, HEDIE 25 77 T AR
DWT, R EAEEOMRIE, BW=2.574x107 - DL », )& FE@FR TES LA (=0.998,
n=13, P<0.01), 22T, BW: A& (g), DL: f#E (em) THh 2. fE-> T, 1l.lem DW (HEE]) Tl
fAH41.6g, 12.8cm DW (JE5E2) TIEMATE6S58g L7 b. MI 7 7 OMLERIEHROATY, 75 Ak
DENENL53%, 9.7% (ZHET B, TH AR - NEFIZHILERE T L 7RI S 225, 2o
BN IZE R ZFHI L TR v, BREES TR SN AEMZICE L BIE LB TH ), iboiEsE, +
A XL DIZHPERO b O & REZEN, 22T, FEIcB 27T AW - WA VRdH 72 ) OERE % #
M$2E, O 77 AMAEREL AT I T AAEOZNZNI8.6%, 11.8%IZ K AEEZ5ND,

3. BEBAICHIB NTT7IET7HIADERIKRREMERER

D EoOfRERET DL, b T 7 7HMOREDE, 7THIANORETENIRO L HIZEZ LI LN
TExL). 74bb, VI TZ7REHLOETA XL UPRR/NERTHIA ZAERNRET 5, KIZ, 0
SO FETHEMEICEGHELY G525, 29 LCHo72L A%, Rilx &0/ KB % AL - Chi&
THEEZOND, FNETIE, 2B W AN, BMEFHOT AT AL PEZAFOKHE LTE A
55 (Strong et al., 1990) & 5 ¥ 2 F 27 ¥ X Sphyrna mokarran &, $#07% T FIIOTEIRTI A Z4 %
2OV, EAPLEDAATEOMREZHET A E VI, S50, FFHETIE, A T/ HOERIC
1, B h) @l e Tl{Rs3 S 5 2 L sncws (UM, 2009). 4k, b7 7712E56T7



NS T MBI E DT A A 95

IA DREFHZHSPICTH7201213, LS DEEEZREST ILENSH L7259, E512, FEFER
I AMETHOBELLETH L,

Lr[al, A= AT o TARE I LCUE, ~ 5 7 77 CPUE 1320124E2.89 + 1.69 (n=8), 20144E2.06 +2.65 (n=8)
THEBWEWMEZRL, METHELREIIZO SN -7z RE, =0.741, df=14, P>0.05). kD
EBY, 20124E LIRS, R CAMAEEICIRE SN D L) ISk o720 —F, Al HEIO THS
WX 5727 BT A BAMETITECHFESNT, CPUE XMEL 0 (20124, n=8 : 20144E, n=8) THh o
72 NI T ZOEWSNITE, Th A ORI UEAEICIEE 572205, ZTIUE2012, 2014[FED T H A E
SRR EA A T o 722 EDBEINOT RN H Do 7 51 T A 1F4EIZ & > Tld CPUE A2 D & W HHIE TR
FLEINDZENDS (EHS, RER), THIADPLVEETTIE N 770U ED L HIZELT 20
PHERIENE 2 ATH D,

HEREE A O A TG R ORI S 1E, R LER 2 S0 2RI b 2% L, IO MY %
WMESELEIEETI L) ZODOREREZENDHY), CNOEANOZANF -GNV EEE LD (VO - §
NI, 1989), MBTIIZOIANF—ZREICIVERL 05, TRAETHO N 7 7R T, ZE%
NANOEEZIZEIAETH L LhD, FENETHIHELTWDLEER 5, Thabb, BEHTFOLN
TEBUZB VT, 74 F R Sillago parvisquamis (¥ AFF) (EH - #, 2011) L, #LBRET 2 g
PIAHZEIZENVAEFELTERLDLEEZ LN, HOREOFEHIZIZ, L) ELOWAVRITRTH 5,
HHEIE, W CHNOWATIIIHNEY A 2 MRS L, LAY, VI TR TV EERFEOEFMATH
HZEMS (FBAR - B, 1991), EHICEL DI AINVF -2 WENAT LI ENETH L, HEY X7
MMEL, 20, BEWFEEZFHACE 20 THIVUE, REREEROEL, 51, BPIEREICE Lo
A MK L CIRADORGEZ 7253 &9 RIRETEHZILOT (EE, 1987), #FELIRKOZ AL F—
REHRCTELHEWERET 23T CTH L. SHEOEETLO b5 7 7427k 5 &, HLENEY
el i shhro sk e i L, 59% OE 2 MEEr AL Cne (EHS, KEL. ORRO
JRBOHDBIETIRPHRE SND % E, REOWAT H A LFUEL, T 77 OFER GEIRREITH)
TREENDLLDTH o720 MEIHEVAEZFATE 20 THIUE, —FIIZAEIIET 4 XK E J#EE
IANVF—EDPLVOTHINGEERTH L, S50, BiyERE (JEEHI00g) H-) DT A VF—&D
FEIONY N2 THDH A (7)) T30kcal, FRZIH T65keal (FH3), 97keal (7 V< TE) TH
HOZR LT, AEIAE <, AT ERT 53803 7 1 Konosirus punctatus T160kcal, JEH O
IA (THhIA, HoFrAL) T8kcal Th A (CCHEIEA, 2015), €212, M7 7EThHIABO
HENE D EMM O BRARERN S N RS ET L0 TH 5,

KOPEIHEL, BREI LI, MOTERTIZEED 7H A P eiiad s L obHziE. A
=%y METIX, N—=FYF*vF¥—I2Lo>T, B'7 %Y Phalacrocorax carbo (7 %}) X7 F 9 F Ardea
cinerea (¥R 2L DT T A PEOFEFTEHIBEL T EN T L, BEREEOMTIE, 77
TlRE L monzFE (T8, gEd) THLHY, mClHEERALsRwE ) THDH (1, BE S H
H, FAME:ER, AME). REERITEITIIICEIAT I IAOFMEZILIZLIZEESR, 7H 2 A1E)
T O—D LD L THDH (FHME, BE). 7HIAOEFBIEYR L (WH, 1997), #HTE
BB A2 ) F RS, @l (&R BEIEEL 52 T LW REI S 5.

ARl AOTEEO b 7 7RO EMHETHO 2 k-7, NI 7 7ML DT T4 Offif
IZOWCHEMI 2 RRiki e Lz RN TIE N7 77, B LA EAERoR G [T % 3 25X
v M AEVAEOBEOWMAAEZ L (EH, 2008), SNHEEEHFEONMIE - FHAEDOIZIE, AWH
OMEBBEWALMICTHI LB E LY, TNHEHT AT, WMOTEEBOERRIZOWV TR
ETUENEHS ).

I

b7 7 7 2 GO PG RO SEEREIIRD L, REIC ZTHATHG 22N o BRI, BRI
PRI 5 & & B IESBILH L B 2o HEEF I ST O AR 20 - ARG AT 72 (1 RALES 1|
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HEEBFEMGOHR  J2R, 7425 CIZBRER, INORSZEBIROFHIERE L2050 &5 2 #8511
B TR BARER S, WNRSREATIOBEHER, b7 7 7T 216 TH 721 TSR
AEEIE, IMRESER R AIEHRSOE OB FRER, 1T 3B X O Mk o BBk 7 o g Rk, T
IR EERTE 2 > 7 — MR ZE RO AR TG, IREF GRS, IWROKEERTZE - > & — PR e oD 5 3%
PR, MR, 72 5 ONCBIERGRER, TN MUK ERVK EIRBGRO LT ZR, 777 T A OREDK
12 THATHC 72 RIS B EGRSER R G O 2R, 25 CICRERRR, (E8 A DA ER R a5
MEFTOFINREZR, SOHRHF R O KIS EELE ORIBERER, 74 2 A % SREOREI TH AT
72N BRI IT R A AL & OMAER 2 160 & 5 2 BIFRGHER, 1L UL EE T R ML G SR S8 O G
BA, RRFERHZ DWW T BRI % o 72 IR T B R AOK EESR LK BERR O BIARE IR, STH A O L2
DWTHBHMFHII R o727 ) VU —F D& E—EREH0 &5 2 BRHER, SEEBEOND) o izow
TZHOR T 12N TREREITE & > & — P Wl DOKEERT 78T O YUARETF-14f:, DNA ¥ —7 » 2 THiit
R o 2HEY 2 AV A GUNA A~ DUy 7 ABRSERN) ORA GED) BRI, %5 CICBIREER, B
& BHNITEE 12O TERE THO /KERGIITE X » ¥ —hdoKENIET O TG, 77 o 4R
(2D TIEHR & TH 72 T RO URR S VU R K B R O R FEHELR, 77 7 7 OFRAATE) & IO COFfe THW
PR EERAN £ > 7 — AR EERY; O F IR —I, BB S 2 158 % THO 2 E 2R A 1R
R, AERAROESICER LEE Z X5 TV 2L BREE A R OB KRR, TFEx Sz L
T2 7 ) G EE SRS MY 2 &5 - KEREDITE Y 5 —FOREN, HaIRKERI ¢
Y —OTREFER, 77— 5 A2 Flho T NKERETITE £ > & — W XK EERT 78T O H# 5>
BYR, RERANOFERZTHCRERETITE Y > & — PN ROKERIZET O HIRZEFE L, AROIBR
DS % T 72K B RN B R PR FE R 2 < BALH L 1T 5.
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Takifugu rubripes predation on the venomous stingray Dasyatis akajei: gut
content evidence from an estuary in the western Seto Inland Sea, Japan

] 1.2 : 3 3 . 2
Toshihiro Suiceta"?, Keisuke Furumirsu”, Atsuko Yamacuchr”, Takeshi Tomryama?,

Yoichi Sakar”, and Hidetoshi Sarro”

YNational Research Institute of Fisheries and Environment of Inland Sea, Fisheries Research Agency,
Hatsukaichi Hiroshima 739-0452, Japan
Y Graduate School of Biosphere Science, Hiroshima University, Higashi-Hiroshima
Hiroshima 739-8528, Japan
Y Graduate School of Fisheries Science and Environmental Studies, Nagasaki University,

Nagasaki 852-8521, Japan

Summary

Tiger pufferfish, Takifugu rubripes (Family: Tetraodontidae), is an important commercial fish in Japan.
Landings of Tiger pufferfish at the Shimonoseki fish market, Yamaguchi Prefecture, where ca. 60% of the
pufferfish caught in Japan is landed has decreased remarkably from 1,841 metric tons at the peak of catch
in 1987 to 111 metric tons in 2013. This reduction in stock indicates the pufferfish population of Japan has
reached a critical condition. As a result, the local population in Ariake Bay, East China Sea has been
evaluated as an endangered local population by the Nagasaki Prefectural local government (Red List 2011,
category: LP). Necessarily, it is desired that the resources should recover from the present state. It is
known that juvenile tiger pufferfish grow in estuaries until late fall. They forage on small benthic animals
there. Therefore, it is necessary to clarify the feeding habits of the juvenile pufferfish in the intertidal area
in detail.

In this report, we clarified the predation on the Whip stingray, Dasyatis akajei by juvenile Tiger
pufferfish in the estuary area. Because the stingray is well-known as a venomous species, it has been
considered that no fish species could prey on stingrays in this area. In September-November 2012 and
October 2014, 27 individuals of T. rubripes (9.8-14.0cm SL, 11.9-17.5cm TL) were collected in the
Fushino River estuary in Yamaguchi Prefecture, western Seto Inland Sea to examine their feeding habits. A
D. akajei was identified from the gut contents of the juvenile 7. rubripes, 12.1cm SL (15.1cm TL), which
was collected in October 2012. The prey, the stingray’s body was detected as a total of 40 only partially
digested pieces including 4 distinct pieces of the tail being the posterior portions of the stingray’s body. By
two different restoring methods, the disc width of the stingray was estimated to be 11.1 £2.4cm (£95%
confidence interval) and as 12.8 =3.7cm. The amount of stingray body tissue consumed to total stingray
body weight was estimated to be 18.6% of the former restoring method and 11.8% by the latter.

In the Seto Inland Sea of Japan, resources of benthotrophic fish species, such as flatfishes and
pufferfishes, which use the estuary in their early life history, have decreased remarkably. For recovery and
regeneration of these critical resources, it is necessary to clarify the relationships between organisms and
the estuarine ecosystem.

Key words: Dasyatis akajei, estuary, feeding habit, predation, Takifugu rubripes, Tiger pufferfish
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Osteoporosis in lactating dairy cows
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Higashi-Hiroshima 739-8528, Japan

Abstract Cows in a certain dairy herd were affected by abnormal milk secretion and the frequent
occurrences of paresis. The younger cows, with 1 calving, had low magnesium (1.84 mEq) but high
calcium (4.63 mEq) serum levels and the older cows, with more than 5 calvings, had low magnesium
(1.68 mEq), low calcium (3.90 mEq), whereas control cows had normal levels of 2.00 mEq for
magnesium and 4.28 mEq for calcium, respectively. In Cow 12, the blood serum magnesium levels
decreased from 1.68 mEq to 0.64 mEq at the first onset of hypomagnesemic tetany. In Cow 1, the blood
serum calcium levels decreased from 4.21 mEq to 1.42 mEq and the blood serum magnesium levels
increased to 2.20 mEq from 1.39 mEq at the first onset of hypocalcemic coma. Before detectable
changes, the cows were suffering from chronic hypomagnesemia. Blood samples of downer cows were
obtained from 18 cows exhibiting paresis and semi-comatose state from other dairy farms. Their blood
serum magnesium level was 1.54 mEq, and their blood serum calcium level was 3.40 mEq.
Hypomagnesemic tetany is cause by a low intake of magnesium from roughage. This chronic
hypomagnesemia of these cows must also be caused by a low intake of magnesium. Bone samples
obtained from the cows from the dairy farm showed osteoporosis. Bone sample of Cow E had been fed
highly concentrated the food at a private dairy farm for a year, and her osteoporosis was accelerated due
to the excess of phytic acid in the food. Nephrocalcinosis was observed in some cows in the herd.
Increased blood serum calcium in younger cows was released from the bone into milk and urine, which
caused the bone demineralization, calcium accumulation in the kidney, and alcohol-positive milk, i.e.
osteoporosis, nephrocalcinosis and “the Utrecht abnormality of milk”, respectively.

Key words: Osteoporosis, Hypomagnesemia, Grass tatany, Downer, Ketosis, Utrecht abnormal milk

INTRODUCTION

A certain dairy herd show a marked tendency to the higher occurrence of reproductive problems,
such as increased incidences of abortion and stillbirth, when their milk quality were low fat content and/
or low solid not fat. The dairy herd was also affected by parturient paresis. Milk and blood samples were
collected from the cows throughout the year. Grass tetany (“hypomagnesemic tetany”), milk fever

(“hypocalcemic coma”) and other unknown paresis often called “downer cow syndrome”, frequently
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occur in lactating dairy cows. When a cow becomes grass tetany, her blood serum magnesium decreases
to approximately one half of the normal values of 2 mEq (2.43 mg/dl). The cow falls down in a semi-
comatose state and experiences slight convulsions of the hind leg. When a cow becomes milk fever, her
blood serum calcium decreases to one half of the normal values of 4.28 mEq (8.56 mg/dl), and the cow
enters a coma. When a cow is affected by any type of paresis, the cow (a so-called “downer cow”) falls
down in a semi-comatose state with or without convulsion of the hindquarters. Blood, bone, and various
soft tissues were obtained from such cows in this study. This paper describes the occurrence of
osteoporosis accompanied by chronic hypomagnesemia. The body weight of a normal Holstein cow is
650 kg. The cow yields 6,000 liters of milk and a calf with a weight of 50 kg yearly. One liter of milk
contains 1 g of calcium and 0.1 g of magnesium. A calf contains 650 g of calcium and 16 g of
magnesium. It is estimated that approximately 6,650 g of calcium and 616 g of magnesium are
discharged from cow’s body through the milk and calf in a year. A lactating dairy cow is always at risk
for demineralization. One dairy cow contains 8,500 g of calcium and 159 g of magnesium in the bone,
44 g of magnesium in the muscle and 5 g of magnesium in various soft tissues, including the blood. It is

calculated that the turnover is approximately 80 % for calcium and 300 % for magnesium in a year.

MATERIALS AND METHODS

Milk and blood samples were taken from lactating Holstein cows, Cow 1 to Cow 25, were fed at the
dairy farm of Hiroshima University. Blood samples of 18 downer cows, 11 cows with milk fever and 54
control cows were taken from private dairy farms located near the university dairy farm. Bone and
various soft tissues were collected from 12 lactating dairy cows (Cow 1~ Cow 8, Cow 13, Cow 14,
Cow 19, Cow 20), other 2 lactating dairy cows (Cow 28 and Cow 30) and 2 heifers (H1 and H2) from
the university dairy farm. Cow E was taken from the cow suffering from downer syndrome at the private
dairy farm. A 1 ml sample of blood serum was incubated with 2 ml of 70 % HCIO, in a micro-Kjeldahl
flask at 130-160 C in a glycerin bath. After the blood serum had dissolved, calcium and magnesium
were determined by atomic absorption . One gram of soft tissues were wet ashed with 2 ml of 70%
HCIO,. Ca, Mg, Na and K were determined in solution by atomic absorption. Mandible bones were
obtained from a slaughter house and their connective tissues and muscles were removed from the bone

after soaking in water at 90C for 2 h.

RESULTS

Hypomagnesemic Tetany and Chronic Hypomagnesemia

Table 1 shows the blood serum values of the cows yielding alcohol-positive milk. The milk shows
a strong positive result for alcohol-induced coagulation for younger cows, and a strong positive result for
heating-induced coagulation for older cows. Table 1 also shows that the blood serum magnesium levels
of these cows were reduced by more than 10 % compared to control cows. Table 2 shows that the
younger cows with 1 calving had high blood serum calcium (4.63 mEq) but low blood serum magnesium
(1.84 mEq) levels compared to control cows, which had calcium and magnesium levels of 4.28 mEq and
2.00 mEq, respectively. On the contrary, the older cows with more than 5 calvings had low blood serum
calcium (3.90 mEq), low blood serum magnesium (1.68 mEq) and high blood serum globulin (6.09 mg/

dl) levels compared to controls. The increase in blood serum globulin had occurred concomitant with
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Table 1. Milk quality and blood serum values for cows of the University dairy farm

101

Cow Milk Blood-Serum

Cow | NOof A-test | H-test Ca Mg Pi Al Gl
NO ; calvings ; mEq mEq mg/dl mg/dl mg/dl
1 : 12 + : ++ 421 1.39 8.52 2.87 6.48
2 10 + NS 3.84 1.62 7.50 2.25 7.61
3 7 + ++ 327 1.57 6.00 1.45 10.39
4 6 * 3.52 2.02 9.50 251 4.63
5 6 + 3.68 1.74 7.42 2.97 5.77
6 6 + 3.49 1.51 7.23 2.97 9.69
7 6 + it 425 1.97 7.40 3.65 472
8 : 5 ++ : + 4.08 1.77 6.73 3.20 3.37
9 5 ++ * 428 1.66 6.66 3.19 439
10 6 I + 422 1.46 6.38 2.76 5.30
11 6 -+ * 420 1.79 5.65 3.03 5.34
12 5% A + 3.70 1.68 6.98 3.29 5.42
13 4 ++ + 435 1.85 8.50 3.01 498
14 4 N = 432 1.99 9.10 3.40 493
15 4 - + - 3.83 1.64 6.38 3.35 461
16 4 et o+ 425 1.78 7.84 2.80 6.42
17 2% o+ ++ 4.08 1.84 6.67 3.29 5.48
18 3 HH+ 4.06 1.97 6.27 3.65 427
19 2 - 4.06 1.81 6.36 3.01 437
20 i 1 o 4.63 1.83 5.28 3.47 475
21 2*! + * 4.69 1.82 7.13 3.46 3.84
22 1 + + 451 1.97 6.38 3.76 436
23 1 ++ + 4.63 1.84 6.80 2.82 428
24 1 + + 4.60 1.67 7.80 3.57 426
25 1 -+ + 4.69 1.92 6.68 3.57 4.05
average 4.14 1.76 7.09 3.09 5.29

* including abortion, A-test : Alcohol test, H-test : Heating-test 100C, 30 min..

Table 2. Blood serum values for cows from the university dairy farm and control cows.

NO of Ca Mg Pi Al Gl
cows mEq mEq mg/dl mg/dl mg/dl
Control 54 428" 2.00" 7.81° 3.13° 423°
Cows™' 25 4.14° 1.76° 7.09° 3.09™ 5.34°
0o1d* 12/25 3.90° 1.68° 7.16° 2.85™ 6.09°
Middle*? 7/25 4.14° 1.84° 7.30™ 3.22™ 5.01°
Young™** 6/25 4.63 1.84¢ 6.68" 3.44™ 426"
*1

: Cows from the university dairy farm.

: Old cows, produced more than 5 calves.
: Middle cows, produced 2-4 calves.

: Young cows, produed 1 calf.
: not significant, * : P<0.01, * : P<0.02, °: P<0.05, ¢ : P<0.1
: calculated by t-test.
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blood serum magnesium levels less than 1.7 mEq in the cows from the university dairy farm. The
increased blood serum globulin was observed in the older cows, such as Cow 3 (7 calvings, 10.39 mg/
dL), Cow 6 (6 calvings, 9.69 mg/dl) and Cow 2 (10 calvings, 7.61 mg/dl). Those globulin levels were
very high compared with the normal serum globulin level of 4.58 mg/dl, as shown in Table 2. These
results were plotted as (O) for older cows, (&) for younger cows, ([J) for intermediate and (@) for

control cows in Figure 1.

5 r
Young cow Control
Middle cow
Old cow
T
29
3 Grass tetany
g
=
2
E
7 24
1- G
% : Grass tetany -
A : Milk fever Milk fever
* : Downer
o : Old cow
< : Middle cow
A 1 Young cow
@ : Control
I T .
1 2 3
Blood serum Mg (mEq)

Fig. 1. Relationship between Blood serum Ca and Mg of Cows suffering from Abnormal
milk, Grass tetany, Milk fever, and Downer, compared with Control cows.
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Cow 12 had grass tetany, while Cow 1 and Cow 15 had milk fever. Figure 2 shows the serum
change of Cow 12 before (O:12) and after (3%:GT 12) she became grass tetany. Cow 12 also suffered
ketosis, when she became tetanic. Figure 2 also shows the serum changes for Cow 1 and Cow 15 before
(O:1, O:15) and after (A:MF 1, &A:MF 15) they became milk fever. In Cow 1, the blood serum
calcium level decreased to 1.42 mEq from 4.21 mEq, and the blood serum magnesium level increased to
2.20 mEq from 1.39 mEq. In Cow 15, the blood serum calcium level decreased from 3.83 mEq to 1.32
mkEq, and the blood serum magnesium level increased from 1.64 mEq to 2.00 mEq. At the time of milk
fever, the blood serum calcium level was reduced to one half the normal value, however, the blood
serum magnesium level increased concomitant with the first onset of this disease. The mandible bones
were shown in Fig. 4 for Cow 1 and Fig. 5 for Cow 12.

Eleven other blood samples (4) from milk fever, were obtained from several private dairy farms
after the first onset of the disease. These cows also had a low blood serum calcium level (2.03 mEq) but
a normal blood serum magnesium level (2.08 mEq). Three of the 13 milk fever also developed ketosis.
Eighteen other blood serum samples (%) were taken from cows suffering from unknown paresis and
were obtained from several private dairy farms with the help of a veterinarian. Those cows were called
downer cows but they did not have grass tetany or milk fever. The blood serum magnesium level was
1.54 mEq and the blood serum calcium level was 3.40 mEq. The downer cows suffered from chronic
hypomagnesemia and mild hypocalcemia in turn. Fifteen of the 18 cows of downer cows also developed
ketosis as shown in Figure 1. Figure 1 also shows that the blood serum calcium and blood serum
magnesium for Cow 7, Cow 8, and Cow E. Cow 7 and Cow No 8 were kept at the university dairy farm
and Cow E was from the nearby private dairy farm. These cows suffered from chronic hypomagnesemia.
Osteoporosis in these cows is described in the figure.

The younger cows showed a decrease in blood serum magnesium levels but an increase in blood
serum calcium levels, while the older cows showed a greater decrease of blood serum magnesium levels,
a decrease of blood serum calcium levels and an increase of blood serum globulin levels. Table 1 and
Table 2 show that the increase in blood serum globulin occurred concomitant with blood serum
magnesium levels less than 1.7 mEq in the certain dairy farm. The increased blood serum globulin levels
were observed in the older cows, such as Cow 3 (7 calvings, 10.39 mg/dl), Cow 6 (6 calvings, 9.69 mg/
dl), Cow 2 (10 calvings, 7.61 mg/dl), and Cow E (7 calvings, 8.60 mg/dl). Those globulin levels were
very high compared with the normal serum globulin level of 4.58 mg/dl, as shown in Table 2.

Osteoporosis

Mandible bone was obtained from Cow 7 (8 calvings). Many reddish-brown spots were observed
on the surface of the compacta of the mandible bone of lateral aspect, and medial aspect. These spots
were attributed to many capillary vessels in the Haversian canal being engorged with blood because of
the increased demineralization. This phenomenon was also observed in the bones of the whole body,
especially the vertebrae, rib, and jaw bone. The incisor was broken as shown in this Figure 2. Figure 2
also show the demineralization site of the medial aspect. This medial aspect and the alveolar part were
not covered with muscle but with connective tissue. The occipital aspect of the mandible bones clearly
was porous, as shown in Figure 6. The serum values of these cows before slaughter are shown in Table 4.

The younger Cow 28 also shown Osteoporosis as in Figure 3.
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Fig. 3. Mandible bone of Cow 28 (Ist calving)
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Fig. 5. Mandible bone of Cow 12, suffering from Grass tetany (5 calvings)
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Nephrocalcinosis

Accumulation of calcium in the kidney medulla layer was observed in many of the cows, such as
Cow 8 (34.67 mEqg/kg), Cow 4 (19.63 mEq/kg) as shown in Figure 8. The calcium contents of other
cows was higher than 10 mEq/kg, including Cow 14 (12.67 mEq/kg), Cow 28 (12.79 mEq/kg), and Cow
19 (10.81 mEq/kg). Normal values were approximately 5 mEq/kg, based on values from H1 (4.18 mEq/
kg) and H2 (6.24 mEq/kg), which were not lactating dairy cows but heifers. The magnesium content in

the kidney cortex layer was 11.67 mEq/kg and this levels was lower than heifer, as shown in Table 4.

Table 3. Blood serum values for cows suffering from Grass tetany, Milk fever, Downer cows and suffering from

Ketosis.
NOof  Ca Mg Pi Al Gl
Cows mEq mEq mg/dl mg/dl mg/dl
Control 54 4.28° 2.00° 7.81° 3.13° 4.23°
Grass tetany 1 2.29 0.64 7.01
Milk fever 13 2.03° 2.08™ 2.45° 3.03™ 5.59°
Downer 18 3.40° 1.54* 5.05° 2.53° 5.83°

™ not significant, * : P<0.01, °: P<0.05, P : calculated by t-test.

Table 4. Blood serum value of the cows just before slaughter, shown in Figure 2-6

Cow NO NO of Ca Mg Pi Al Gl

calvings mEq mEq mg/dl mg/dl mg/dl

Cow 7 8 3.85 1.59 5.99 2.80 7.97

Cow 30 1 4.31 1.90 7.13 3.54 3.38

Cow 12 at aliving 7 3.70 1.68 6.98 3.29 5.42
aferGrasstetany 220 oe4

Cow 1 at aliving 11 4.21 1.39 8.52 2.87 6.48
aflerMilkfever 142 220 482 294 635

Cow E 7 3.90 1.42 4.05 2.04 8.60

Table 5. Ca and Mg contents of soft tissues and bone ash of Cows

NO of cows Ca (mEqkg) Mg (mEg/kg)

Kidney cortex 14 3.33 11.67
Kidney medulla 14 10.66 10.46
Skeletal muscle 14 2.71 14.59
Cardiac muscle 14 2.25 17.26
Liver 14 1.88 13.57
Kidney cortex™' 2 3.29 13.28
Kidney medulla™®' 2 521 10.32
Mandible bone™ 12 36.44(%) 0.682(%)
Candal vertebrae™ 12 36.46(%) 0.683(%)
*!: heifer

*2 - in bone ash



Osteoporosis in lactating dairy cows 107

40 @: Kidney medulla
: Kidney cortex
A: Skeletal muscle
A Cardiac muscle
3 X : Liver
.
304
4
20- o
—
Z
=
m
Ef 14 28
8 ..
10 o9
I3. = 1
e * .
o®
. il
oA A
8 oélcéh)“ @ P
a g e’y

0 20
Mg (mEqg/kg)

Fig. 6 Relationship between Ca and Mg in Soft tissues

DISCUSSION

The blood serum levels for the certain dairy herd were 1.78 mEq for magnesium, 4.14 mEq for
calcium and 5.29 mg/dl for globulin. These magnesium and calcium values were low compared with the
control values of 2.00 mEq for magnesium and 4.28 mEq for calcium, but the value for globulin was
high compared to the control (4.58 mg/dl). The blood serum for younger cows with 1 calving in the dairy
herd showed low magnesium (1.84 mEq), high calcium (4.63 mEq), and normal globulin (4.26 mg/dl)
levels. The blood serum for older cows with more than 5 calvings showed low magnesium (1.68 mEq),
low calcium (3.90 mEq) and high globulin (6.09 mg/dl) levels. Grass tetany and milk fever had occurred
in these older cows. The hypomagnesemic Cow 12 showed very low blood serum magnesium (0.64
mkEq) levels. The hypocalcemic cows, Cow 1 and Cow 15, showed blood serum calcium levels less than
one half of normal but had normal blood serum magnesium levels at the first onset of the disease. When
the blood serum calcium levels suddenly decreased, their blood serum magnesium levels increased.
Before these cows were affected by these changes in mineral levels, their blood serum magnesium levels
had been at moderately low levels for many years. This dairy herd was suffering from chronic
hypomagnesemia. It had been reported that grass tetany was caused by magnesium deficiency as Voisin
(Voisin, 1963). The so-called chronic hypomagnesemia must also be caused by low magnesium intake. A
decrease in blood serum magnesium had also been described in cows suffering from chronic magnesium
deficiency as Onderscheka (Onderscheka et al., 1967). Downer cows also showed low blood serum

magnesium levels at 1.54 mEq (1.17~1.89 mEq) and low blood serum calcium levels at 3.40 mEq (2.83
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~3.90 mEq). In downer cows, blood serum magnesium and calcium levels were not lower than those of
the grass tetany and milk fever cows, respectively. Downer cows also suffered from chronic
hypomagnesemia. Some reports were concerned for mgnesium and milk fever (Sanson ef al/, 1981) and
subclinical hypomagnesaemia (Whitaker and Kelly, 1982), however, there is no description for
osteoporosis and abnormal milk.

Bone showed typical patterns of osteoporosis and their kidneys showed calcium accumulation, so-
called nephrocalcinosis. However the magnesium contents of these bones and kidneys were normal. It
was reported that the magnesium content in bones of cows that died from grass tetany was not reduced
as Voisin (Voisin, 1963). The younger cows in the university dairy farm had been suffering from chronic
hypomagnesemia and osteoporosis as shown in Fig. 3. These cows showed a slight decrease in serum
magnesium levels but a slight increase of serum calcium levels during the initial period. Increased
calcium must flow from bones to the milk and urine, resulting in bone demineralization, calcium
accumulation in the kidney, and alcohol-positive milk, i.e. osteoporosis, nephrocalcinosis and “the
Utrecht abnormality of milk” as Boogaerdt (Boogaerdt, 1954), respectively. The older cows showed a
greater decrease in blood serum magnesium levels, a decrease in blood serum calcium levels and an
increase in serum globulin levels during the secondary period. Calcium must have been lost, and their
osteoporosis increased. The increased globulin must indicate osteoporosis. The role of increased globulin
is not clear, but the author hypothesizes that globulin levels may regulate the calcium and magnesium
levels in blood serum.

The nephrocalcinosis was consistent with some reports of magnesium deficient animals. (George et
al, 1974, Goulding and Malthus, 1968, Maclntire and Davidsson, 1958, Martindale and Heaton, 1964,
Maynard et al, 1958). It was reported that the blood serum magnesium levels rapidly decreased on the
first day of a low magnesium diet in rats, while their blood serum calcium levels slowly increased as
George (George et al, 1974).

One paper reported that cows with chronic magnesium deficiency also suffered from the
accumulation of calcium in the kidney and a decrease in blood serum magnesium as Onderscheka
(Onderscheka et al, 1967).

The experimental animals were fed a special diet, such as a magnesium-free diet or one with a very
low magnesium content, however, the lactating dairy cows had been fed an average diet. The lactating
dairy cows had received slightly less than the minimum requirement of magnesium for many years, and
the cows with high milk yield needed high levels of magnesium. It seems that the lactating dairy cows in
the certain dairy farm had experienced chronic hypomagnesemia with high blood serum calcium for
many years. In previous studies, it was shown that the magnesium contents of the bones of magnesium-
deficient experimental animals declined as MacIntire (Macintire and Davidsson, 1958) and Martindale
(Martindale and Heaton, 1964), however, osteoporosis and the elevation of blood serum globulin has not
been previously reported.

The cows of the university dairy farm suffer from chronic hypomagnesemia caused by a shortage of
magnesium intake from roughage. Legumes, such as alfalfa and clover, are rich in magnesium, which
constitutes more than 0.3% of their DM. In contrast, grass, such as timothy and ryegrass, is poor in
magnesium, which represents less than 0.2% of the DM. A. Kemp (Kemp, 1960) recommended a
magnesium content greater than 0.2% of the DM of the roughage for lactating dairy cows to prevent
grass tetany. The manager of the university dairy farm was responsible for failing to give legumes to

lactating dairy cows for many years. All of the cows from the university dairy farm showed
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osteoporosis. Reproductive disorders, such as paresis, abortion, and stillbirth, were observed in cows at
this dairy farm. Many cows were suffering from renal cysts, kidney stones, and atorophy.

Cow E had been given a high-concentrate diet with a shortage of roughage at the private dairy farm.
The chronic hypomagnesemia was caused by a low magnesium intake from roughage and the
osteoporosis was accelerated by the excess of phytic acid in the food. The lactating dairy cows had been
fed with various concentrates with high phosphorus contents. Calcium carbonate was used as a feed
additive and the herd had no shortage of calcium. A.Kemp (Kemp, 1960) also noted that an excess of
calcium and phosphorus can reduce the availability of magnesium.

Lactating dairy cow, she produce 6000 kg of milk and a calf every year, is the economic farm
animal. If she once fall down osteoporosis, the recovery is very difficult on the case of lactating dairy
cow. The importance must be the prevention before the cow fall osteoporosis. The lactating dairy cow
must be fed roughage, containing the legume more than 1/3 and the grass less than 2/3, for prevent

osteoporosis

CONCLUSION

Grass tetany and chronic hypomagnesemia in cows must be caused by the shortage of magnesium
in the diet. Hypocalcemic cows and downer cows were also suffering from chronic hypomagnesemia
before they were affected by perturbations in mineral levels. Younger cows showed a slight decrease of
serum magnesium levels but a slight increase of serum calcium levels. The increased calcium must be
transferred from the bones to the milk and urine. This results in bone demineralization, calcium
accumulation in the kidney, and alcohol-positive milk, i.e. osteoporosis, nephrocalcinosis and “the
Utrecht abnormality of milk”, respectively. The older cows showed a greater decrease in blood serum
magnesium levels, a decrease of blood serum calcium levels and an increase of serum globulin levels
during the secondary period. Calcium must also have been lost from their bones, increasing their
osteoporosis. The decreased magnesium levels, increased calcium levels in the blood serum and
nephrocalcinosis of younger cows was consistent with the findings in magnesium-deficient animals,
however, decreased calcium and increased globulin levels in the blood serum of older cows and

osteoporosis in lactating dairy cows were not observed in the experimental animals.
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Abstract Eleven nominal species (Acanthochondria uranoscopi in the Chondracanthidae;
Conchyliurus quintus in the Clausidiidae; Pseudomacrochiron aureliae in the Macrochironidae;
Ostrincola japonica and Ostrincola koe in the Myicolidae; Colobomatus mylionus in the Philichthyidae;
Ceratosimicola japanica and Splanchnotrophus helianthus in the Splanchnotrophidae; Enterognathus
inabai in the Enterognathidae; Neomysidion rahotsu in the Nicothoidae; Creopelates nohmijimensis in
the Pennellidae) and six families (Clausidiidae, Macrochironidae, Philichthyidae, Splanchnotrophidae,
Enterognathidae, Nicothoidae) are newly added to the checklist of the parasitic copepods of fishes and
invertebrates of the Seto Inland Sea, Japan, published in 2011. Now, 99 nominal species (81 species
from fishes and 18 species from invertebrates) in the following 25 families of the parasitic copepods are
known to occur in the Seto Inland Sea: Anthessiidae (2 spp.), Bomolochidae (7 spp.), Caligidae (15
spp.), Chondracanthidae (8 spp.), Clausidiidae (1 sp.), Enterognathidae (1 sp.), Ergasilidae (3 spp.),
Hatschekiidae (9 spp.), Kroyeriidae (1 sp.), Lernaeopodidae (9 spp.), Lernanthropidae (7 spp.),
Lichomolgidae (2 spp.), Macrochironidae (1 sp.), Mantridae (1 sp.), Myicolidae (3 spp.), Mytilicolidae (2
spp.), Nicothoidae (1 sp.), Notodelphyidae (2 spp.), Pandaridae (1 sp.), Pennellidae (3 spp.),
Philichthyidae (1 sp.), Pseudocycnidae (1 sp.), Pseudohatschekiidae (1 sp.), Splanchnotrophidae (2 spp.),
and Taeniacanthidae (15 spp.). Corrections are made for the information on the anthessiid Panaietis
yamagutii erroneously reported in the 2011 version of the checklist.

Key words: Checklist, marine fishes, marine invertebrates, parasitic copepods, Seto Inland Sea

INTRODUCTION

The checklist of the parasitic copepods of fishes and invertebrates of the Seto Inland Sea, Japan,
was published in 2011 based on the literature published between the years 1935 and 2011 (Nagasawa,
2011). It contained the information on 88 nominal species (78 species from fishes and 10 species from
invertebrates) of the following 20 families: Anthessiidae (2 spp.), Bomolochidae (7 spp.),
Chondracanthidae (7 spp.), Ergasilidae (3 spp.), Lichomolgidae (2 spp.), Mantridae (1 sp.), Myicolidae
(1 sp.), Mytilicolidae (2 spp.), Notodelphyidae (2 spp.), Taeniacanthidae (14 spp.), Umazuracolidae (1
sp.), Caligidae (15 spp.), Hatschekiidae (9 spp.), Kroyeriidae (1 sp.), Lernacopodidae (9 spp.),
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Lernanthropidae (7 spp.), Pandaridae (1 sp.), Pennellidae (2 spp.), Pseudocycnidae (1 sp.), and
Pseudohatschekiidae (1 sp.). It also contained the information on the parasitic copepods not identified to
species level.

The checklist is updated here based on the papers published from 2012 to 2015 (Uyeno and
Nagasawa, 2012; Tang et al., 2012; Okawachi et al., 2012; Ohtsuka et al., 2012; Madinabeitia and
Nagasawa, 2013; Ibrahim and Sato, 2013; Nagasawa and Nitta, 2014; Nagasawa ef al., 2014) and those
overlooked in the 2011 version (K6 ef al., 1962; Shiino, 1963; Ohtsuka et al., 2005, 2007; Uyeno and
Nagasawa, 2010). Two corrections also are made because that version contained wrong information
about the generic name of Panaietis and the validity of Panaietis incamerata.

Like in Nagasawa (2011), information on the parasitic copepods of fishes and invertebrates of the
Seto Inland Sea is assembled as Parasite-Host and Host-Parasite lists. In the Parasite-Host List, the
following information is provided for each species of parasitic copepod within familes in alphabetical
order in the Poecilostomatoida, Cyclopoida, and Siphonostomatoida: 1) the current scientific name,
including the author(s) and date, followed by any recognized synonym(s) used in establishing the
record(s) in the Seto Inland Sea. For the species listed in Inaba’s (1988) monograph entitled “Fauna and
Flora of the Seto Inland Sea”, an asterisk (*) is added immediately after the date of the scientific name; 2)
Site(s) of occurrence of the parasite on or in its host(s). When the site was not give in a record, the likely
site as determined from other papers is enclosed in square brackets; 3) Host(s), in which currently
accepted scientific names are given: for fish hosts, the names recommended by Froese and Pauly (2015)
are used. The scientific names used in original reports are shown in parentheses. A Japanese common
name is also given in Japanese in parentheses for each host species after its scientific name; 4) Record(s),
in which the authors responsible for the records are listed in chronological order. Each reference is
followed by the locality or localities given in two parts, first the prefecture(s) (Fig. 1) and then the

Seto Inland Sea

134°N

North Pacific Ocean
100 km

°

131°B 133°B 135°B

Fig. 1. A map of the Seto Inland Sea (SIS), western Japan. A, a boundary in the Kii Channel between SIS and the
North Pacific Ocean (NPO); B, a boundary in the Bungo Channel between SIS and NPO; C, a boundary
near the Kanmon Strait between SIS and the Sea of Japan. The Seto Insland Sea is surrounded by eleven
prefectures (1, Osaka; 2, Hyogo; 3, Okayama; 4, Hiroshima; 5, Yamaguchi; 6, Fukuoka; 7, Oita; 8, Ehime;
9, Kagawa; 10, Tokushima; 11, Wakayama), and prefectural boundaries are shown by dotted lines.
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detailed collection locality or localities from which the parasite was reported; and 5) Remarks, where
explanatory comments are offered on nomenclature and notes such as previous record(s) of the parasite
in the Seto Inland Sea. In the Host-Parasite List, the genera and species of hosts are listed in alphabetical
order within each of higher taxa of animals (Scyphozoa, Polychaeta, Bivalvia, Gastropoda, Crustacea,
Crinoidea, and Actinopterygii). After the name of each host species, parasitic copepod(s) is (are) listed in
systematic order shown in the Parasite-Host List. Information on the site(s) of occurrence and the

prefecture(s) is also given for each copepod species.
I. Parasite-Host List
Subclass Copepoda Milne Edwards, 1830
Order Poecilostomatoida Burmeister, 1835
Family Bomolochidae Sumpf, 1871

Bomolochidae gen. spp.

Site: unspecified

Hosts: Acanthopagrus latus (%7 X), Acanthopagrus schlegelii (as Acanthopagrus schlegelii
schlegelii, 7 11 5" 1), Pagrus major (% % 1), Evynnis tumifrons (7% 1)

Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)

Family Chondracanthidae Milne Edwards, 1840

Acanthochondria uranoscopi Ho and Kim, 1995
Site: oral cavity
Host: Uranoscopus japonicus (X ¥ X % 3 )
Record: Nagasawa et al. 2014 (Hyogo: off the south coast of Awaji Island)

Family Clausidiidae Embleton, 1901

Conchyliurus quintus Tanaka, 1961

Site: [mantle cavity]

Hosts: Cyclina sinensis (4 % 3 2 ), Pistris capsoides (as Arcopagia (Merisca) diaphana, 4 F 3 77
I M)

Record: Ko et al. 1962 (Hiroshima: Hiroshima)

Family Clausiidae Giesbrecht, 1895

Clausiidae gen. sp.
Site: paropodia
Hosts: Glycera nicobarica (712 1))
Record: Ibrahim and Sato 2013 (unspecified locality)
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Family Macrochironidae Humes and Boxshall, 1996

Pseudomacrochiron aureliae Tang, Yasuda, Yamada and Nagasawa, 2012
Site: gastrovascular cavity of scyphistoma
Host: Aureria sp. (3 X7 777
Record: Tang et al. 2012 (Hiroshima: Kuba Fishing Port)

Family Myicolidae Yamaguti, 1936

Ostrincola japonica Tanaka, 1961
Site: [mantle cavity]
Host: Crassostrea gigas (as Ostrea (Crassostrea) gigas, X 7 %)
Record: Ko et al. 1962 (Hiroshima: Hiroshima)

Ostrincola koe Tanaka, 1961

Site: [mantle cavity]

Hosts: Cyclina sinensis (4 % 3 ¥ ), Pistris capsoides (as Arcopagia (Merisca) diaphana, {1 73 7
I M)

Record: Ko et al. 1962 (Hiroshima: Hiroshima)

Family Mytilicolidae Bocquet and Stock, 1957

Mpytilicola orientalis Mori, 1935%*

Site: intestine

Host: Crassostrea gigas (¥ 77 %)

Record: Nagasawa and Nitta 2014 (Hiroshima: near the river mouth of the Kamo River)

Remarks: This species was previously reported from Crassostrea gigas and Mytilus coruscus in the
Seto Inland Sea off Hiroshima Prefecture (Mori, 1935; Yamazaki, 1950) (see Nagasawa, 2011).

Family Philichthyidae Vogt, 1877

Colobomatus mylionus Fukui, 1965
Site: [under head skin]
Host: Acanthopagrus latus (%7 X )
Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)

Colobomatus sp.
Site: head canals
Hosts: Pagrus major (X 5 A), Evynnis tumifions (75 1)
Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)
Remarks: This parasite was reported as “Colobomatus sp. 1” by Madinabeitia and Nagasawa (2013).
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Family Splanchnotrophidae Norman and Scott, 1906

Ceratosimicola japanica Uyeno and Nagasawa, 2012
Site: body cavity
Host: Hypselodoris festiva (T + 7 I 7 )
Record: Uyeno and Nagasawa 2012 (Hiroshima: off Irukabana, Nohmi-jima Island)

Splanchnotrophus helianthus Uyeno and Nagasawa, 2012
Site: body cavity
Host: Thecacera pennigera (I X% <7 37 3)
Record: Uyeno and Nagasawa 2012 (Hiroshima: off Matoba Beach, Takehara; Yamaguchi: off Izaki,

Yashiro-jima Island)
Order Cyclopoida Burmeister, 1834
Family Enterognathidae Illg and Dudley, 1980

Enterognathus inabai Ohtsuka, Shimomura and Kitazawa, 2012

Site: probably intestine (see Remarks)

Host: Lamprometra sp. (7 3 3 7 FAD 17d)

Record: Ohtsuka et al. 2012 (Hiroshima: 34°0.590'N, 132°44.32'E-34°0.599'N, 132°44.35'E)

Remarks: The specimen of this copepod was found “attached to the outside of the host crinoid,
possibly due to an accidental ejection from the intestine of the host during collection” (Ohtsuka et al.,
2012).

Order Siphonostomatoida Burmeister, 1835
Family Caligidae Burmeister, 1835

Caligus fugu (Yamaguti, 1936)

Syn.: Pseudocaligus fugu Yamaguti, 1936 (Okawachi et al., 2012)

Site: body surface

Host: Takifugu niphobles (7 47 7")

Record: Okawachi et al. 2012 (Hiroshima: off the Takehara Marine Science Station)

Remarks: While this species was reported by Okawachi et al. (2012) as Pseudocaligus fugu Yamaguti,
1936, it has been regarded as Caligus fugu (Ozak et al., 2013; see also Freeman et al., 2013). There are
some other records of the species (as P. fugu) from tetraodontids in the Seto Inland Sea (Yamaguti, 1936;
Shiino, 1963a; Ikeda et al., 2006; Ito et al., 2006; Tensha and Momoyama, 2006; Venmathi Maran et al.,
2007; Venmathi Maran et al., 2011) (see Nagasawa, 2011).

Lepeophtheirus semicossyphi Yamaguti, 1939
Site: body surface
Hosts: Semicossyphus reticulatus (27 % A1), Chaerodon azurio (1 7), Takifugu pardalis
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(=Spheroides pardalis, 77 7")

Record: Shiino 1963b (Yamaguchi: Shimonoseki City Aquarium)

Remarks: This copepod was previously reported by Yamaguti (1939) from Semicossyphus reticulatus
in the Seto Inland Sea (see Nagasawa, 2011).

Caligidae gen. spp.

Site: unspecified

Hosts: Acanthopagrus latus (¥ 7 X), Acanthopagrus schlegelii (as Acanthopagrus schlegelii
schlegelii, 7 1 5" 1), Pagrus major (X ¥ 1), Evynnis tumifions (7% 1)

Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)

Family Lernacopodidae Milne Edwards, 1840

Lernaeopodidae gen. spp.

Site: unspecified

Hosts: Acanthopagrus latus (¥ 7 X), Acanthopagrus schlegelii (as Acanthopagrus schlegelii
schlegelii, 7 1 5" 1), Pagrus major (X ¥ 1), Evynnis tumifions (7% 1)

Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)

Family Lernanthropidae Kabata, 1979

Lernanthropidae gen. spp.

Site: unspecified

Hosts: Acanthopagrus latus (¥ 7 X), Acanthopagrus schlegelii (as Acanthopagrus schlegelii
schlegelii, 7 11 % 1), Pagrus major (<% % 1), Evynnis tumifions (7% 1)

Record: Madinabeitia and Nagasawa 2013 (Hiroshima: Hiroshima Bay)

Family Nicothoidae Dana, 1849

Neomysidion rahotsu Ohtsuka, Boxshall and Harada, 2005
Site: marsupium
Host: Siriella okadai (71 % 37T %)
Records: Ohtsuka et al. 2005 (Hiroshima: vivinity of Takehara); Ohtsuka et al. 2007 (Hiroshima: near

the Takehara Marine Science Station of Hiroshima University)

Family Pennellidae Burmeister, 1835

Creopelates nohmijimensis Uyeno and Nagasawa, 2010
Site: head embedded in musculature with body protruding externally
Host: Priolepis boreus (X F AT/ E)
Record: Uyeno and Nagasawa 2010 (Hiroshima: off Irukabana, Nohmijima Island)
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II. Host-Parasite List

Scyphozoa
Aureria sp. (2 X7 7 7%): Pseudomacrochiron aureliae (gastrovascular cavity of scyphistoma:

Hiroshima)

Polychaeta
Glycera nicobarica (7 1) ): Clausiidae gen. sp. (paropodia: unspecified locality)

Bivalvia

Crassostrea gigas (< 71 %): Ostrincola japonica (—: Hiroshima), Mytilicola orientalis (intestine:
Hiroshima)

Cyclina sinensis (% % 2 R): Conchyliurus quintus (—: Hiroshima), Ostrincola koe (—: Hiroshima)

Pistris capsoides ({4 7 a7 > 7 b1)): Conchyliurus quintus (—: Hiroshima), Ostrincola koe (—:

Hiroshima)

Gastropoda
Hypselodoris festiva (7 % 7 X 7 2): Ceratosimicola japanica (body cavity: Hiroshima)
Thecacera pennigera (X A % ~ 7 3 7 3): Splanchnotrophus helianthus (body cavity: Hiroshima)

Crustacea

Siriella okadai (4 71 4" 3 7 3): Neomysidion rahotsu (marsupium: Hiroshima)

Crinoidea

Lamprometra sp. (7 X > ¥ D 11k): Enterognathus inabai (probably intestine: Hiroshima)

Actinopterygii

Acanthopagrus latus (%7 X): Bomolochidae gen. sp. (—: Hiroshima), Colobomatus mylionus (—:
Hiroshima), Caligidae gen. sp. (—: Hiroshima), Lernacopodidae gen. sp. (—: Hiroshima),
Lernanthropidae gen. sp. (—: Hiroshima)

Acanthopagrus schlegelii (7 1@ %" 1) : Bomolochidae gen. sp. (—: Hiroshima), Caligidae gen. sp. (—:
Hiroshima), Lernacopodidae gen. sp. (—: Hiroshima), Lernanthropidae gen. sp. (—: Hiroshima)

Chaerodon azurio (1 7): Lepeophtheirus semicossyphi (body surface, Yamaguchi)

Evynnis tumifrons (7-% 1) : Bomolochidae gen. sp. (—: Hiroshima), Colobomatus sp. (head canals,
Hiroshima), Caligidae gen. sp. (—: Hiroshima), Lernacopodidae gen. sp. (—: Hiroshima),
Lernanthropidae gen. sp. (—: Hiroshima)

Pagrus major (¥ % 1) : Bomolochidae gen. sp. (—: Hiroshima), Colobomatus sp. (head canals,
Hiroshima), Caligidae gen. sp. (—: Hiroshima), Lernacopodidae gen. sp. (—: Hiroshima),
Lernanthropidae gen. sp. (—: Hiroshima)

Priolepis boreus (X %% 2T )\X): Creopelates nohmijimensis (head embedded in musculature with
body protruding externally: Hiroshima)

Semicossyphus reticulatus (27" % A'): Lepeophtheirus semicossyphi (body surface, Yamaguchi)

Takifugu niphobles (7 %7 7). Caligus fugu (body surface: Hiroshima), Lepeophtheirus semicossyphi
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(body surface, Yamaguchi)
Uranoscopus japonicus (3 > X % 2 ). Acanthochondria uranoscopi (oral cavity: Hyogo)

II1. Corrections

In the account of Panaietis yamagutii 1zawa, 1976 in Nagasawa (2011, page 114, right column,
lines 11-12 from bottom), the generic name of the species was misspelled as “Panaietes” and there was a
phrase of wrong information, i.e., “Syn.: Panaietes incamerata Stebbing, 1900”. Panaietis is a correct
generic name, and Panaietis incamerata is a valid species. No proposal so far has been made to relegate

P. incamerata to a junior synonym of P. yamagutii. The correct information is as follows:

Panaietis yamagutii 1zawa, 1976
Sites: mouth cavity, esophagus
Host: Turbo (Bacillus) cornutus (7 L)
Records: Anonymous 1967 (unspecified locality); Nagasawa 2007 (unspecified locality)

IV. A summary of the known parasitic copepods of fishes and invertebrates of the Seto Inland Sea
(1935-2015)

Mori (1935) reported the parasitic copepod of aquatic animals, i.e., the mytilicolid copepod
Mpytilicola orientalis, for the first time from the Seto Inland Sea. Since then, many species of parasitic
copepods have been reported from this sea. Recently, by compiling the information reported from 1935
to 2011, Nagasawa (2011) published a checklist of the parasitic copepods of fishes and invertbrates of
the Seto Inland Sea, which contained the information on 88 nominal species (78 species from fishes and
10 species from invertebrates) belonging to 20 families.

In the present update, eleven nominal species (Acanthochondria uranoscopi in the
Chondracanthidae; Conchyliurus quintus in the Clausidiidae; Pseudomacrochiron aureliae in the
Macrochironidae; Ostrincola japonica and Ostrincola koe in the Myicolidae; Colobomatus mylionus in
the Philichthyidae; Ceratosimicola japanica and Splanchnotrophus helianthus in the Splanchnotrophidae;
Enterognathus inabai in the Enterognathidae; Neomysidion rahotsu in the Nicothoidae; Creopelates
nohmijimensis in the Pennellidae) and six families (Clausidiidae, Macrochironidae, Philichthyidae,
Splanchnotrophidae; Enterognathidae, Nicothoidae) of the parasitic copepods are newly added to the
2011 version of the checklist. Currently, the Umazuracolidae, one of the 20 families reported from the
Seto Inland Sea, has been regarded as a junior synonym of Taeniacanthidae (Huys et al., 2012). Thus, a
total of 99 nominal species (81 species from fishes and 18 species from invertebrates) in the following
25 families of the parasitic copepods, excluding those not identified to species level, are known to occur
in the Seto Inland Sea: Anthessiidae (2 spp.), Bomolochidae (7 spp.), Caligidae (15 spp.),
Chondracanthidae (8 spp.), Clausidiidae (1 sp.), Enterognathidae (1 sp.), Ergasilidae (3 spp.),
Hatschekiidae (9 spp.), Kroyeriidae (1 sp.), Lernacopodidae (9 spp.), Lernanthropidae (7 spp.),
Lichomolgidae (2 spp.), Macrochironidae (1 sp.), Mantridae (1 sp.), Myicolidae (3 spp.), Mytilicolidae (2
spp.), Nicothoidae (1 sp.), Notodelphyidae (2 spp.), Pandaridae (1 sp.), Pennellidae (3 spp.),
Philichthyidae (1 sp.), Pseudocycnidae (1 sp.), Pseudohatschekiidae (1 sp.), Splanchnotrophidae (2 spp.),
and Taeniacanthidae (15 spp.)
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E B 19392015 ISR S NSRS D &, HAREAEN O SN T 2 E L T F
Lernacopodidae 7 A 7 ¥ D 158495 & KRl (LI E) ICB3 2 188 (4D A b, fHE,
FAEAL, MERRYAE, SCEK) EFET L CHEPR L7z, Alella, Brachiella, Clavellisa, Clavellopsis,
Clavellotis, Naobranchia, Neoalbionella, Pseudocharopinus, Schistobrachia, Thysanote O 4 )& |2
LT, YeFHIECLY, HAITFHIELY, VINFFHIELY, FHIELTERF,
RAFTHICELY, ZIIXFFTHIUELY, FAFHIELY, IZAFH LY, FUFRXFIT
JELY, THIELTOPFEEMAZIE L7z, F7, BRENAZE S 720 WIS L TR
LERPEE L 72,

F—D—=RI DA TVHE, BEFER, S ELAUF, B

=

AKHELTIHKD -4 7 ¥ 4 2 F} Lernaeopodidae (£ 77 A 7 2 #ifl] Copepoda ® 4 I'1H Siphonotomatoida (ZJ&
35 FREHTH b, T4E, IV 4 S 7 ¥ L V& Parabrachiella O JEFE TR & 7% FE L (Piasecki et al.,
2010) 23 o72d DD, FH 7 YA TEHI20044F F TICHFLCTR268TEATFLIL S AL, AEHEGFAEME A 7 VM
TlE7 4+ Y7 I F} Caligidae (465FELL 1) 12K E%EITH S (Boxshall and Halsey, 2004) o AF} D% <
DR BITFEL, WRBIHFETLEOH L. BILD B D05, MEBAEILFE2NHD el % 6 E ok
M, TEEOMIIITHAATHEEL, HRARIIEREL L CHOREICNET 5. bHETHRE I N:
BENE, =2 VR, FoRL Y IR RS AR, ANVEL R FOR, RS vT v akh, SR, T
~ &A%, VR, 7URL v AR =B w38 FTFk A VS AR A AXIEN RNFEL T A2
B s T FRL N, TR R EKELEELRLONEENS, Fio, KERGMECHE A E OB T
HRUZHAT 5137 (Nagasawa, 2015a, HllE [4HOWZEHE] CThal), AW e ETHEICRL 2L
bbb (RRHRTT B E R, 1990),

KHEGE, HAREF T 7 €A F O 15E490E, KFEEME (F4E) (2OWT, 1939-20154FDT774F M2 H
FRENZCHE b LS, BHOBREEIML 2D TH 5D, 19394 1F, FHRFOWMITLMA T 77 4
TR A T VAR DDPETROICHE L72FETH S (Yamaguti, 1939), 1RIZZ2 D%, FMEL & & IZH IS
Ze % #E 7> (Yamaguti and Yamasu, 1959, 1960). WA &AEA T, DOETH T 7 CLTFA A T V5
AEIINIGE L 72 01 = F IR AR OHEFFZE M (Shiino, 1956, 1958, 1959) Td 5. W& 12 & B WIZEREIE,
RLEHOIR & & B 1219634F 12 1A f1Z & - T [Parasitic Copepoda and Branchiura of fishes] (Yamaguti,
1963) & LTSNz, F72, HEUKERFORBHA—S 3 rBAHEICTET LYY AT I LY

([

20154E9H9H =8 * E-mail: ornatus@hiroshima-u.ac.jp
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Salmincola californiensis D%t (Hoshina and Suenaga, 1954 ; f&F} - TaAF, 1976 ; a4 - ff%F, 1977), &
BREOZEBEER S B Uy A\ IFET L7054 577 €LY (k) Alella macrotrachelus DFFFE (7T
H5, 1980 HHE S, 1981) #47o 720 WAEIX, A 7 A V= TINRFEOM  E# (Ju-shey Ho) (Ho,
1983, 1993 ; Ho and Do, 1984 : Ho and Kim, 1996 : Ho et al., 2005) &, b 7 A sk 7> & i K e i
JEHT & R IR B RFICEHE 5 5 REMW (Nagasawa and Urawa, 1991, 2002, 2015 ; Nagasawa ef al., 1994,
1995, 1997, 1998, 2008 ; Nagasawa, 2015b) ASARFHIBT 258217V, £ OHREHE TV, K HEKE,
COL)BEHERLEOT, bAPECBITLF A ELAVEAA T VHICHT AR T L0220 DTH
5o

AKHFETE, THZELATVEHNOKEEY T IVT 7Ny MEIZIERZ%, SETIENGOT VT 77Xy b
MELZ A AE & Bl L7z, BEERIG LI RE T35, B A M eEE, FEMVEZRL2H L, HhE
WA R 720 B4 A MORLZZFAIEDOPETHWONZDICY, ThE R DDIFRATOH
HWOPEN BN EERT, FRAOEHIZIL, TN E2EE L2EHETL L MBEEEZIR Lz, mEIRE
OWeiL, W (2013) AVUR L 720 BIRRICHE - TRAI L, B MR EF4 %2 L7 ZOB, #BE0OH
LCHIEOMAG L F AL R 5 b OB EDLITIGE IR Z N Z 5L L 72 MR 575 12 B3 2 1R,
WETE OB AT (FERTE, BRI, Ah—y 2, W, WENE) IR L, AERRA
EOREM RN & MBS GEER L IMRAE) 2R L7z, F72, BKEMOY; & ITAERT IS & a2
PR, MAERERL L7z, WIROBEICS, MEFEZIZA S ISIIEE L7ze TR IR 2 3R
WOEHRE R HEICE [—] TRLUZZ. fiE T, SEEOAMFER FERPMETOSMmE IS
HHI) RHIEERMAORENRINL: Ex il Lize 2B, HERREIW a2 B 54 (Bhar 2 BB sk 4,
2000) 1ZfEoTHRAK Y AL, ¥4 T, SRAL EORFBEARHHTHY .

BHEERMOREE FROL I ICTLwdl, SHIEFE-FERY AN LTERLL, ZOYART
&, EEE LCHlE SN R (2013) OGHERICHE - TN, FRMALLRBHS NI AL T ¥
AR L7zo ERHIBW TR AT A TR,

FHTELTEH AT VEOSFEARRICE LTI Yamaguti (1963), Kabata (1979), Boxshall and
Halsey (2004) H35H 2% %o MW T ¥V TIZBIT 2 AFHIET 2 IO TR O Twa  (EE : Kim,
1998 ; 1 [E : Song and Kuang, 1980 ; #H 7 > 7 : Gusev, 1951 ; Markevich and Titar, 1978) . A< H#kiZgEH
SIS L D HAREFEM.S A 7 VEBEOHEI0MTH L (=277 IR [KE#S, 20071 447D A2 F
[Nagasawa ef al., 2007] : 742 7 I8 [KEDL, 2010] ; #TNMESF A4S 4 7 2 [Nagasawa, 2011,
2015¢] s e bAE AVRE [FE - BE, 2011) 0 vy oA YT 3IR, 29 3R, =T IR [RE
L8, 2012] 5 T AVE [KE#ES, 2013] 5 e VX A VR [KE# - LB 2014)),

BAESAHIELIBAAA T EOBR

DA 7> HEHH

Subclass Copepoda Milne Edwards, 1830

MHA 7T

Infraclass Neocopepoda Huys and Boxshall, 1991

BOB 7+ /AMALE)

Order Siphonotomatoida Burmeister, 1835
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AEHAEOH (747 AMAH) EIFSEHEICOWTIEREES (2010) 255K LTW5,

FTHIELTH

Family Lernaeopodidae Mile Edwards, 1840

AFHE, 2D TIdF 427 ¥ A2 H Lernacopodoida (Yamaguti, 1939 5 #EEF, 1964 5 A, 1972 (HH 5,
1977,1983) & %\ & Lernacopodidea (Yamaguti, 1963) (25 6 LT 7z, AEFOBAER L ITHEE (1964 ¢
127) 12496

Ho and Kim (1996) 34—y Z i 7 a ") 1 71 Icelus ochotensis 7> & AFHZJE 9 5 Nectobrachia
iceli T & L CRLH L7272, SREMD HAREANTH 2 04\ TH 5720, SOMIIRHEKIZEO R o7,

YEFHIELVE (FiFR)

Genus Alella Leigh-Sharpe, 1925

PTEER L, A OO NRHEA  THEETHZ 2 2 LI/,

TIRFAFAIELS (R

Alella ditrematis (Yamaguti, 1939)

B AN : Clavellodes ditrematis (Yamaguti, 1939)

TBX . 7 3 ¥+ I Ditrema temminckii temminckii (=Ditrema temmincki), % % F 3 Neoditrema ransonnetii
(= Neoditrema ransonneti), 7 A 5 * Hexagrammos otakii

BHELRAL -

HIBM A - HARME (B RS - AIEREE S © Ho, 1983), i N (ST R HEIK @ Yamagut,
1939)

5% @ R T EHH D B (HEEP, 1965) 0 AFEILHENZ & 543 5 (Kim, 1998) o FEHEF L IIHELS (1965)
WD o

QA FTHIELS FFR)

Alella macrotrachelus (Brian, 1906)

R41) AN : Clavellodes macrotrachelus (Yamaguti, 1939 ; fiiK - #2111, 1979)

B8X : 70 % A Acanthopagrus schlegelii (=Sparus longispinis, Mylio macrocephalus, Acanthopagrus
schlegeri)

BFAEERL ¢ B

WIBEID - HAHE CHHB LIRS © Ho, 1983 5 BIIREILIE - 554K, 1993, 1998), #TifE (JLEEIREK -
Yamaguti, 1939 ; [#ILULFEF - Jul © FEAR - 210, 1979 5 I8 BENEITIHE - A5 S, 1980 5 LS
B [EE - JuUE] - REERREE [(Z8], BP0 DREEKEREY] - FILER S8/ 5, 1981)

&% =E S (19811 143) (2XAud, AN, RHE, SR sEorasyfi2daFkEl Ty
2l o RHIZ X DHICHT BN D 5 (A, 1989)c HrEdENIZIE, A7 05 A 12FET
% LIl T,
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AAIVFHIELVE (FiFR)

Genus Brachiella Cuvier, 1830

PIEAER AL, R OMAYNEZ Pl S 5 8FICFET 5 2 LI/

FTHIELY

Brachiella thynni Cuvier, 1830

B8X . 1~ AW T T Acanthocybium solandri, 7 11 < 7" 1 Thunnus orientalis

BFEBRAL ¢ MR RO RFR

HIBESFE LA (ZEERE M ¢ Shiino, 1956 5 FIFE M : Nagasawa, 2015b)

fBE @ AR, AR~ TEEEOREICELT 2 KB OF ABAEICHE 51 2% (Kabata, 1979)c DA ETIZ
FIH 7 0~ 7 uilb %49 5 (Nagasawa, 2015b) o RFEIZBIT 2 EEiA5H 5 (HERF, 1965, 1979). fiift
MAIHER (1965) 126E9 o

BAIAVFHIELVEDIE

Brachiella sp.

BE : /N &~ X Gephyroberyx japonicus
BPAERRAL ¢ 11
HIRAVRT | AT (IR il S, 1965)

AAIVFHIELVRDIE

Brachiella sp.

f&X . ¥ 7F ¥ Sebastolobus macrochir, A N)\VIEMHH Sebastes spp. (= [T 4], [AX47])

BFAEBAL : A

HWIBRARE 1 — ORISR AR, 1990)

&%  KRU s EAERAER (1990) OF ) [7TH 4] BAHHETHWLNLBHRT, NERoT7Th Y
7 Paratrypauchen microcephalus Tl37: {, A/NVEO XN )V EHERI S N5,

RIVFHIVELVE
Genus Clavella Oken, 1815
RIE OREHER 41X Nagasawa ef al. (2008 : 56) 1299 o
RSFTHIELY GrFr)
Clavella adunca (Strom, 1762)

B4 AN : Clavella uncinata (Yamaguti, 1939 ; Shiino, 1956)
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f&8% : ~ ¥ 7 Gadus macrocephalus, A’ 7 5 5 Theragra chalcogramma, 2~ A Eleginus gracilis

BPAERBAL ¢ AT, U, E, CUEDRZNE,

HWIEM DT ¢ HAHE (I EREAD @ Shiino, 1956 5 JLHEESE I - Ho and Kim, 1996 : & IR A A= Mo -
R, 1994 5 & ILILE LT @ Yamaguti, 1939)

BE ANV G T ELVIED Y 4 THET, BERWEELZ R CHRORFEIZL 55 % (Kabata,
1979) 0 B TIIMH T > 7 RWENZ S 5045 % (Gusev, 1951 5 Kim, 1998) o HER{EMS L, KiEd 5 7
FHEBICHFET L 2 LW T,

NIDUFHIELS R

Clavella collaris Ho, 1993

18X : v u A e’ Coelorynchus paralleus, 7 = ’r" Coelorlynchus gilberti
FFAEERAL ¢

HIBEI DG - ALRPEE GEAIUR T oIl ¢ Ho, 1993)

B - FEERAIE, RSN YD VB Y 3 THICHEET A I LI,

SFIFHIVELY R

Clavella diversia Ho, 1993

BXE . VU A v’ Coelorynchus paralleus, *+ =’ Coelorlynchus gilberti
BFAESRL ¢ i

HIBRYF AL (R ey - PPARIRIT © Ho, 1993)

i IR, ARSI A & OB H AR TIRE S N2 LIZH D,

NFFHIELY (FFR)

Clavella gadomi Ho, 1993

18E : 71 % %95 Gadomus colletti (=Gadomus colleti [sic])
FFAEERL ¢

HIBM AR LT (AR T4E  Ho, 1993)

i | FEENAIL, RS TEE TRESINLZ LIZHT,

FFHFHIELS R

Clavella longicauda Ho, 1993

18E . N ¥ Coryphaenoides marginatus

BFAEBRAL ¢ IE

WIBEYAE ¢ ALFE (PRI : Ho, 1993)

% IRENAIE, RREOMRGEIRVAEREREZET 5 LI/,
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DxTOLFHIELY (G

Clavella okamurai Ho, 1993

8% 1 NV ¥ F Coryphaenoides marginatus, ’>7 ) 3% 7 Coryphaenoides nasutus
FFARRAL D, AR

WIBRYAE ¢ AL (R ITEAREES © i8I 1 Ho, 1993)

&% | HEEANIRE, RO BAEOIHERII A 5 A TWa 2 LIZH D,

RIVFHIELY (FFR)

Clavella ovata Yamaguti, 1939

18X : X3 7 A 7 Synagrops japonicus (= Synagrops japonica)
FFAEERAL ¢

HIBRYFR ¢ AL (R ELER © Yamaguti, 1939)

fBZE  FriEEfZIE, RO EAIIEI O I AT b5 Z LI,

JARNFHIELY

Clavella parva Wilson, 1912

TBE | 7 A X\)V Sebastes thompsoni

BFAEBLL : i

HIBRISE ¢ AN (EHRIL/ANG - RIS - FRILESER > 5 — RERGIIZERT UXH] @ Nagasawa
et al., 2008)

8% ML, HHRECHTAEERICHE SN TWAHAICHFLE L Tz (Nagasawa ef al., 2008) . AF# 1L
KRR REEOREAICEA L (Nagasawa et al., 2008% Z8), T Cl3fia o o 7 L@ EIC D 4543
% (Gusev, 1951 ; Kim, 1998) . #Z#F14, 1% Nagasawa ef al. (2008) 127t -

AFVFHIELY (FFiFR)

Clavella perfida Wilson, 1912

18X . A7 7 ¥ T Theragra chalcogramma

BFAEBAL ;- A

HIBRY3FE - AL (LiEERE R A S, 2004)

@ A7 MY ¥ T ICBIT A AEOFEEICE T 2 TThI: (FEDS, 2004) AMIZTIZAT MY
1% E L (Fl 21X Kabata, 1970 ; Arthur, 1984), ¥ T > 7 R EEIZ S 543 % (Gusev, 1951 ;
Kim, 1998) o ARFEAGKILIZ AT HZ b, Kk (28D) 2EOHEEMATIRET %,
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LY FHIELY (FFR)
Clavella scombropis Yamaguti, 1939
f&%E : &Y Scombrops boops
FFAEBRL ¢ EA

HIRRY DR AL (A 2R ¢ Yamaguti, 1939)
% PSR, AR LV ICHET S 2 LI/,

VARSFHIELY (FFR)

Clavella sokodara Ho, 1993

18E . /N 34 F Coryphaenoides nasutus, ') ¥ 5 Coryphaenoides marginatus
BTAEBAL ¢ M, O

HIBEI DG ALRCFEE GV AR © il ey - oI oh ¢ Ho, 1993)
&% - FiEfIE, A 3 VI RREICEET S 2 LI,

VINFTFTHIELVRE (FiFR)

Genus Clavellisa C. B. Wilson, 1915

PITEER AL, RBOESPROED L) IZRAZEVEIHEA 52 L IZHT,

JINFTFTHIELY (F#iFR)

Clavellisa dorosomatis Yamaguti, 1939

f8=% : O/ 1 Konosirus punctatus (=Dorosoma trissa, Konosirus (Clupandon) punctatus)
AR ;A

HIBE DG LR (R R4 Yamaguti, 1939)

A% HiENRIE, BAOMG L ABOMHIZL 2,

YINTINFFHIELY (FRFF)
Clavellisa scombri (Kurz, 1877)

18X : ~ Y7\ Scomber japonicus (=Scomber scombrus japonicus)

FPAEERGL ¢ B

HIBE DG ALK (BB IRBRITE © Yamaguti, 1939), HAME GHrE LA HIL © Shiino, 1959)

131

f# : Shiino (1959) 1, AHi#% Tsunodayama Tz &Gt L7zh ML (AL ) D) L E2 6N

YL Z DA O B ARG SR SN Do FiFERZIE, AR HNIHFAET B LICH T,
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FTHIELZERNFRE GiFF)

Clavellopsis C. B. Wilson, 1915

BRERELE, KBSV FH 2 YA VE Clavella 12105 2 L IZH T,

FTHIELTERE (FiFR)

Clavellopsis flexicervica Shiino, 1956

BE AV AXRXFT A Abudefduf notatus (= Abdefduf natatus [sic])
BFAEBRAL ¢ AL A R

HIBEYRR LA RISILIRES © Shiino, 1956)

% @ HRENAIE, BAOHS LRI L 2,

SURAFTHIELY GFR)

Clavellopsis pellucidula Shiino, 1956

fBx | 74 ALY Chlorophthalmus albatrossis (= Chlorophthalmus albatrossi [sic])
FAERAL : HafiE

WIBEYAE | ALCFE (SRR ¢ Shiino, 1956)

®% REASE, AEDRBROT 4 AT VIZHET S LW,

FUXEAFHIELY (FHFR)

Clavellopsis polymixiae Yamaguti, 1939

18X : ¥ A ¥ A Polymixia japonica (=Polymixia nobilis)

BAEBLL : Mk

HIBE DG AL (R BRITE © Yamaguti, 1939)

5% © Yamaguti (1939) (IARFMEDEF % Polymixia nobilis & #7245, ORI HAZ G4 L vy (i
2013)s FREMOBABIIEFT Y A FAPHERT 20T, KEFETIRINE VS, FiZENAIE, AR
BRI AT ANFES BT LI/,

YINFHIELY (FFR)

Clavellopsis saba Yamaguti, 1939

B8X . ~ 7\ Scomber japonicus (=Scomber scomberus japonicus)

BFAEBRL ¢ B

HIBESFE LA (FRREEEL © Yamaguti, 1939), HARWE (B MAEIL : Shiino, 1959)

& TN NI F H 7 Y LAY Clavellisa scombri @ 35 4 & [7 £ 12, Shiino (1959) 1% A ff %
Tsunodayama THF7z & FL L7275, AHIL (<720 F) 0D LEZONL, HEMIZOFLOHAK
WA R EHEN S D o PSRRI, RES Y NICFHET S 2 L IR,
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IXFTHIELVE GFR)

Genus Clavellotis Castro Romero and Baeza Kuroki, 1984

PN, AROMAE (o) ROz ET 52 LIZ/EG,

RAXFTHIELY (FFR)

Clavellotis branchiostegi (Yamaguti, 1939)

R41) AN Clavellopsis branchiostegi (Yamaguti, 1939 ; Shiino, 1959)

f8F . 7 7~ % A Branchiostegus japonicus

BFAEBRGL ¢ IE, R

RIS LR (— © Yamaguti, 1939 ZEELZHE ¢ Shiino, 1959), HAME (— : Yamaguti, 1939)

% RO GFFINAEIZH L Tid Kabata (1990) # S, HEEMAIX, BAHROMA & FAKOMEI
X%,

ATVYFFHIELY GRFR)

Clavellotis dilatata (Kroyer, 1863)

B AN @ Clavellopsis sargi (Yamaguti, 1939 ; Shiino, 1956, 1959), Clavellopsis nodula (Do and Ho, 1983)

8X . 719 ¥ 41 Acanthopagrus schlegelii (=Sparus longispinis, Sparus macrocephalus, Mylio
macrocephalus), <% A Pagrus major (=Pagrosomus unicolar)

BTHEBRAL M, K

HIBMA ¢ ALK (ZFEIRARAL © Shiino, 1956, 1959), H > Fif (AEAREKEER © Shiino, 1959),
P (LR AEZK © Yamaguti, 1939 ;5 [if] I W& Do and Ho, 1983)

g ® © AHEIX, b o ETIL YUY Clavellopsis sargi & L T & 717255 (Yamaguti, 1939 ; Shiino, 1956,
1959), Do and Ho (1983) (ZZ# % #if# Clavellopsis nodula & LT L 720 Lo L ZOHEE, O
AR OHZ 4 L S/ (Castero Romero and Baeva Kuroki, 1984). FZHERI4 1L, AFE O MR A D
JARTH 78 O & SIRZERE DD 5 2 L 12/ T

FTHIELVE

Genus Lernaeopoda de Blainville, 1822

AR OEEERI A IHEE (1964 ©128) 126E o

EAFHIELY GhFR)

Lernaeopoda oviformis Shiino, 1956

B8E . 7 b /W X Squalus mitsukurii

BEBRAL ¢ R

WIBEAE © ALFE (AR F - Shiino, 1956)

8% B gL, AMEOMBAAH RO L > 2 LI/,
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ISRFSFAHIELVE (FiFR)

Genus Naobranchia Hesse, 1863

KB LRI, =7 ~F )42 ¥ AT Naobranchiidae |25 5T\ 72 (Yamaguti, 1939, 1963 ; Shiino,
1958 ; HEEF, 1965), HFZMEFIZIE, TRLOT T~ FF 42 ¥ L Naobranchia aulopi \ZH ) o

Ho and Kim (1996) (&, JbifEpe s 0 a4 1) # 2 7 Icelus canaliculatus OfE7H> 5 Naobranchia occidentalis
Wilson, 1915% 1537 & #fs L7228, 2 OMBERERIIFEBICIE =) Y ZETHESNIZbDOTH 72720 (K
B, ORFEERER), REHIZIEED RV,

ISNFFTHIELY

Naobranchia aulopi Yamaguti, 1939

18X : & A Aulopus japonicus

LR -

HIRA9AE LR (FIAKILIL A 72 X ¢ Shiino, 1958 5 F &1L R4 © Yamaguti, 1939)
&% - AT 200 5 (HEEF, 1965). HHEFIZAIIHER (1965) 1269 o

YIYRISIFFHIELY (BiFR)

Naobranchia auriculata Shiino, 1958

BE . &~ X ¥ A Beryx splendens

FFAEERL ¢

HIRADF LT (ZEEZH ¢ Shiino, 1958)

fBZ  AHEHARIZET 27020, DAEOEBETH LA (RFL) 2H&OHEENLERET S,

FEAISRFSTHIELY (FiFR)
Naobranchia denticis Madinabeitia and Nagasawa, 2011
f8¥E | ¥ ¥ 1 Dentex hypselosomus
FEEBAL ;T

HIRA9HE - HARUE (JUMHb/EDF - Madinabeitia and Nagasawa, 2011)
&% BREMTIE, REDF 5 A 12HFET D2 LW,

YAXFHIELVE (FiFR)
Genus Neoalbionella Ozdikmen, 2008

AJE 1 Kabata (1979) H3RFE L 72 Albionella JEHPEIZ M E N TV 722 & 205, Ozdikmen (2008) 12X -
TH72AZRRT STz IR AL, RIBOFEDS T AFUCHFAT S Z LIZH T,
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IO FAIELY (FiFF)

Neoalbionella etmopteri (Yamaguti, 1939)

R41) AN 1 Lernaeopoda etmopteri (Yamaguti, 1939), Albionella etmopteri (Benz, 1991)
8% . 77 T Etmopterus lucifer

BPAERRAL ¢ AT, fE A

HIBE9HAE - LR (— ¢ Yamaguti, 1939 0 = HILAEEF#E © Benz, 1991)

% RN, RS TV 7V TICHEET DI LI,

NSYXFHIELY (FiFR)

Neoalbionella kabatai (Benz and Izawa, 1990)

B41) AN Albionella etmopteri (Benz and Izawa, 1990)
TB8E © ~T W X Apristurus platyrhynchus

BFAEBAL |

HIRR9AE ALK (ZEILAEEEE © Benz and Izawa, 1990)
& HEENAI, RESANTF ANIHFET L2 LI/,

FTHAFHIELY

Neoalbionella longicaudata (Hansen, 1923)

B2 AN Lernaeopoda longicaudata (Shiino, 1956)

8% . ¥ U7 X Centrophorus acus, 7 A ¥ * Centrophorus atromarginatus

FFABRGAL ¢ I, R

HIBHRAR ¢ AT RIFILIR AL - UL - Shiino, 1956)

% AT 2B D2 (HEEF, 1965). BEMAIIHEE (1965) (26t o HEE (1964, [X58) 134
T N A N OR A1 [ = LAV . SP/-3

IVFFAIELYVE

Genus Parabrachilella C. B. Wilson, 1915

FH7ELNTEORBIZHE L T\ 72% L O Plasecki et al. (2010) 12X > TARBICE SN Al
OFERERI I - K8 (2014) 126E9,

RANAITFHIELY GRFR)

Parabrachiella amphipacifica (Ho, 1982)

E41) AN 1 Neobrachiella amphipacifica (Ho et al., 2005)

f8% . /7 > 3 Dasycottus setiger, 7 71 ¥ > 3 Ebinania vermiculata, ;K7 X 71 ¥ 71 Ebinania brephocephala, = 2.
7 N7 71 71 Phychrolutes phrictus

BB - —
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HIBM A - ALK (R algsad - gEgeipyh - FIFah - S5 R PRI AR B B Ho et
al., 2005)
2 @ FUEAERISA L, AREDE AR A AT 5 2 L2t (Ho, 1980) .

SYFFHIELY R

Parabrachiella annulata (Markevich, 1940)

FELZ') AN Brachiella annulata (Markevich, 1940)

B8X : NV B P Ereunias grallator

BFAEBRAL ¢ R

HIBEIRAR LA (R =K © Markevich, 1940)

f@® AR, QLRI A ) 7 V=T, BORA T ST AGEE A S bRl H 5 (Kabata and
Gusev, 1966 ; Noble, 1973 ; Ho, 1975) . FiE#efI4413, A= CRANCERE S N2 LICH T,

NSFHIELY (FFR)

Parabrachiella bera (Yamaguti, 1939)

E441) AN Brachiella bera (Yamaguti, 1939)

18X : & 27 %~ Parajulis poecileptera (=Halichoeres poecilopterus)
BFAEERAL ¢ 6

HIRRYA R T (L I EIK © Yamaguti, 1939)

&% | HRENRIE, AEPXTEPLHELNZ L IZH T,

T7RATFHIELY (FFR)

Parabrachiella brevicapita (Ho and Do, 1984)

R AN 1 Neobrachiella brevicapita (Ho and Do, 1984)

f8X : I 1 F Nibea albiflora

BFAEBAL ;- A

WIBRYA AN (RILEESET  Ho and Do, 1984)

fm® @ Wi, AEOMER A FEIRE ARSI OB E T 5 2 LI G,

A AXIFAVELY (FiFF)

Parabrcachilella exilis (Shiino, 1956)

BV AN Epibrachiella exilis (Shiino, 1956)

1B8E | 4 A X3 Kyphosus vaigiensis (= Kyphosus lembus)
BFAEERL ¢ R

HIBEY DG ALRCPEE (BRI B R E i ¢ Shiino, 1956)
BE | FEEA L, RS A AR ICHFET L LI/,
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AT EAFAIELY (FiFF)

Parabrcachilella hoplgnathi (Yamaguti, 1939)

£41) AN Epibrachiella holplognathi (Yamaguti, 1939)

fB8E 1 1 ¥ ¥ A JED 11 Oplegnathus sp. (= Hoplognathus sp.)
BFAEERL ¢

HEIBRY 2R AL (BRI URERITYE @ Yamaguti, 1939)

f@E @ R AIL, REDA D5 A FIITET S 2 LI/,

7U9FH7ELY

Parabrachiella hugu (Yamaguti, 1939)

£41) AN Clavellopsis hugu (Yamaguti, 1939), Neobrachiella hugu (Ogawa and Inouye, 1997 ; Ogawa
and Yokoyama, 1998)

18X . b T 7 7 Takifugu rubripes (= Spheroides rubripes)

BFAEBAL ¢

HIBESE - HARME (FRFFEL/NE © Yamaguti, 1939 ; RIFERGIHAFZH © Ogawa and Inouye, 1997)

& . A EM N7 7 7120 F4 T 5 (Ogawa and Inouye, 1997 ; Ogawa and Yokoyama, 1998 ; & {%,
2013) 0 AMEIZPIT 2D 5 (HEEF, 1957), AFH I E & BEIC S 5549 % (Song and Kuang,
1980 : Kim, 1998)0 i, Hilli - £i# (2014) 3R 7 73V 4T T 7 Ly OFENYES 272,
LarL, HE% (1957) 2ZNBRNCAEOMGL E LCT 7T A7 LAY EAVADT, i BiER%
ETHODELTHY, KHETIET7 7+ A7 LT 2 R~AT 5,

RAVFHIELS (FFR)

Parabrachiella incurva Shiino, 1956

18=E : 1 A X 3 Kyphosus vaigiensis (= Kyphosus lembus)

FFAEERL ¢

HIBRARAE AR (IR G E R SR AEOLILES ¢ Shiino, 1956)
&% HRENYIE, AEOEHANEN L T\ b 2 LIl

INFHIELY (FFR)

Parabrachiella johnii (Yamaguti, 1939)

R41) AN : Clavellopsis johnii (Yamaguti, 1939)

18X . I~ =X Protonibea diacantha (= Johnius goma)
BFAEBRL ¢ B

HIRRYDE W i (— @ Yamaguti, 1939)

B BRI, AT AREICHFAET S Z LR T,
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FHALYFTHAIELY (FiFF)

Parabrachiella septicauda (Shiino, 1956)

EZ') AN Epibrachiella septicauda (Shiino, 1956)

18X . 7 71 &Y Doederleinia berycoides

BFAESRAL ¢ e, 6D

HIREYAT | LT (Z®ELZE ¢ Shiino, 1956)

B HEENIIE, REDST B A VICHEET DI ISR,

ZVIAVFFAIELY

Parabrachiella seriolae (Yamaguti and Yamasu, 1960)

£41) A N I Lerneopoda gen. sp. 1 [sic] (F#EH - #3, 1963), Barchiella seriolae (Yamaguti and Yamasu,
1960 ; /NEF, 1984), Eobarchiella elegans f. seriolae (Ho and Do, 1984 ; Ogawa and Yokoyama, 1998)

18E . 7Y Seriola quinqueradiata

BFAEBAL - MofEILH

HIBAI D LR (ZEE [ &H - &%, 1963 FI#ILE % © Yamaguti and Yamasu, 1960),
i (BEWEBILEE © Cruz-Lacierda et al., 2011), A P#E (1LY BT  Ho and Do, 1984 ; K45
B[] /NEF, 1984)

e . R 7 ) 12d F 4T 5 (Yamaguti and Yamasu, 1960 ; ZEH - %3, 1963 5 /B, 1984 ;
Ogawa and Yokoyama, 1998 ; Cruz-Lacierda et al., 2011 ; Ki%, 2012) ZJE7 ) 12B1F a4 RTICH
DRI B % (NEF, 1984 5 Cruz-Lacierda et al., 2011) o HEHERIZ 34 - BiE (2014) 126896

BFIFXFHIELY (FFR)

Parabrachiella trichiuri (Yamaguti, 1939)

£ AN : Clavellopsis trichiuri (Yamaguti, 1939)

1B8E . ¥ F 74 Trichiurus japonicus

FAEBLL - %5

WIS - AN (FILEEILE © Yamaguti, 1939), #i7A# (— © Yamaguti, 1939)
& - FrEEIRIE, REDS Y T HICEFEAET L 2 EIZH D,

IAFHIELVE (FiFR)
Genus Pseudocharopinus Kabata, 1964
R, TROIZA FH 7 ¥ Ay (FiFR) Pseudocharopinus markewitschi |29 o
IAFHIELY FiFR)
Pseudocharopinus markewitschi (Gusev, 1951)

B2 AN : Charopinus markewitschi (Shiino, 1956, 1959)
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18X . 7 ¥ T A Dasyatis ushiei, € > 51 AX Okamejei kenojei (= Dasyatis kenojei)

BFAEBRL :

HIBRIATE - AL (ALHHESIE M Ho and Kim, 1996 ; #iZ3I[IFAHL © Shiino, 1959), HAME (Hii&
Wi [—] : Shiino, 1959), ##E A (FIFKILELHE)T @ Shiino, 1956)

fm® @ AR T 27 TRk E L (Gusey, 1951), BENZ D343 % (Kim, 1998) . #Hri#Ef441, Af#
WIAFNITFEST 5 Z LW,

YNIAIAFTHIELY GhTR)

Pseudocharopinus pteroplateae (Yamaguti and Yamasu, 1959)

£41) AN Brachilella pteroplateae (Yamaguti and Yamasu, 1959)
B8X . VN7 04 Gymnurajaponica (= Pteroplatea japonica)
BFAEBAL ;A

HIBAYDFR ¢ AL (AIEIEARBEE © Yamaguti and Yamasu, 1959)
&% AR, AESY N DA IIFAET ST LR,

VIXFTHIELYVR

Genus Salmincola C. B. Wilson, 1915

Yamaguti (1963) 34)&E % 2312 Entomoda JESER) & L7275, GIERRO LN T v, KEDOH A T
SHIC X BEROMB D D (i, 1989,2006) FEHERI4 1L Nagasawa and Urawa (2002 : 11) (299 o

TIAFHIELY

Salmincola californiensis (Kroyer, 1837)

84 A : Salmincola yamame (Hoshina and Suenaga, 1954)

8= : Y~ A Oncorhynchus masou masou (=Oncorhynchus masou), = %7 A 7 F Salvelinus leucomaenis
pluvius (=47 F)

TYAEEBAL ¢ MU, ENEE GUME IME MEEILH

HIBAY D - AbifEE (B8 4411 Nagasawa and Urawa, 2002), # B (— : Kabata, 1969 ; BZE)I| - iy
Rl [EAR] BREF - VAT, 1976), REFIR. (K% )IIZK5 © Hoshina and Suenaga, 1954 5 #4135 [/IMRIR]:
VGRS - GRFF 1977 3 KRN - ST < A= - /NI, 2011)

fiwZ - BB - VIR (1976) 12 XU, Hoshina and Suenaga (1954) 25 L72fE BV~ A Tl R T~
T Oncorhynchus masou ishikawae (3L Tl O. rhodrus var. macrostomus) DTREVED S 5 &9 o AfE
WX DRI 25D 5 (P, 1975 (L&, 1978 ; /NI, 1983), fEH#MI% 1L Nagasawa and
Urawa (2002 : 11) 1269 o

ADFFHIE LY
Salmincola carpionis (Kroyer, 1837)

B4 AN Salmincola falculata (Yamaguti, 1939), Salmincola smirnovi (Markevich, 1956), )L 3 > a2 —
ME4Y, 1985)
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BX . = A 7 F Salvelinus leucomaenis leucomeniss (= Salvelinus leucomaenis, {7 F), =v a4 7%}
Salvelinus leucomaenis pluvius (= Salvelinus leucomaenis), * 3 3 0 3< Salvelinus malma
krascheninnikovi (= Salvelinus malma), 3 X X\ 4 7 F Salvelinus malma miyabei, 71 7 < A Salvelinus
Sfontinalis, = v a7 47 F &N T ADKKHER (S. leucomaenis pluvius x S. fontinalis), = 3V < A
Oncorhynchus mykiss, 't A< A Oncorhynchus nerka

TAIAL : T (FEBDE e b L, HMARMPLEORLL L LIZLREND)

HIRRY2E © ALiEE (X2 7] © Yamaguti, 1939 : BI€:8 441l : Nagasawa and Urawa, 2002), ARk (R
KIERE [H7%] © Nagasawa ef al., 1995), AFR CGAFRPUKIHTRES [ARE] © BER, 1985 ; Nagasawa
et al., 1995), WA (ZEEWIZEH H G [HOG] - RSl A 1] @ Nagasawa et al., 1997, 1998),
FBPIE (B)1] : Nagasawa et al., 1995), &1L Cofad@)ll - FE)I - BRI [F85E%5] © Ak, 1997)

&% @ LY ETORMEOREIE Markevich (1956) ASHAEA Y a 0 a~h b RMA R L3 50D Tl
BRWFEENOUHE 57272, Nagasawa ef al. (1987) (X ZO5AGICEEM % 2 L7 Lo LIRE, REEDERE
WZhDENGAT 5T 5 2 DB H127% 572 (Nagasawa et al., 1995). —7J7, T &13H)IC Yamaguti
(1939) (bl s> 7l (Uil L ERED) Bk A~ A BRI Salmincola falculata % Hs L T\ 72725,
Z #U1d Nagasawa et al. (1995) 12 & - CAME & S/, REIZEBMYCKIREOMTRICHET L &
753 % (Nagasawa ef al., 1995, 1997, 1998 ; #5#k, 1997). FZ#aF144 1% Nagasawa and Urawa (2002 : 11)
WZHED o

A RIFHIELY

Salmincola stellatus Markevich, 1936

8% . 1 b7 Hucho perryi

BHEERAL ke

HIBRY DA - AbiEE RN - KEEELY [#59F] Nagasawa and Urawa, 1991 ; ¥ > ¥ 7 KR [FLIR] :
Kabata, 1986 ; dbigE K= MR- AR A EE fER% (LA © Nagasawa ef al., 1994 ; Hiramatsu ef al., 2001)

&% : Kabata (1986) 1XWFILEEEA b7 70 & A% % 4172 & #i5 L 724°, Nagasawa and Urawa (1991) 13%
DORREMAY > ETHIKEFHTH B LETIE L7ze €O, KFEOFAELN %k & L7z Kabata (1986)
FIEL SR, OETH L Z 2B L 720 AMITKIRESCKEEBRLFEOMERICHEET LI LD
% (Nagasawa and Urawa, 1991 ; Nagasawa et al., 1994 ; Hiramatsu et al., 2001) o ARFE(Z20144F 12 [
fell TH ICHES N, BEAL v B A MSERE Nz (B, 2013, 2014) FEEEM4 1L Nagasawa
and Urawa (2002 : 11) (ZfE9 o

FUOUXFTHIELVE GhFR)
Genus Schistobrachia Kabata, 1964
PEHENZIL, TiOF X F T2 YAy (Hi#R) Schistobrachia chimaerae (29 o

FUOYXFHIELS (FFF)
Schistobrachia chimaerae (Yamaguti, 1939)
E41) AN : Charopinus chimaerae (Yamaguti, 1939)

18X : ¥ W X ¥~ Hydrolagus ogilbyi (= Chimaera ogilbyi)
BFAEBRL ¢ R
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HIRR9AE R i (RIGUIERIE © Yamaguti, 1939)
8« AFEOSFHFEAEICE L Cld Kabata (1964) % i, FriZ#f4 1L, ALY VP AFIIFET
5T EIZHT,

7Y OELVE (BiFR)

Genus Thysanote Kroyer, 1864

P ERIZE, TRLOD 7Y 2 ¥ A Y Thysanote epinepheli \ 249 o

7HoELY

Thysanote epinepheli Yamaguti, 1939

18E . ¥ /\¥ Epinephelus akaara

BFAEBRAL ¢ IE

HIBEY G M (— ¢ Yamaguti, 1939)

&% AT 23D 5 (HEEF, 1965). BEEMAIIHEE (1965) 126t .

VIAFTHIELYVR

Genus Tracheliastes von Nordomann, 1832

AE OFEHEF] %1% Nagasawa and Urawa (2015) 124E9 o

DIAFHIELY

Tracheliastes sachalinensis Markevich, 1936

B=E . 7 7 A Tribolodon hakonensis, X777 A Tribolodon sachalinensis, ' F 7 7 A Phoxinus perenurus
sachalinensis

BFEBRL ¢ fE

HIBAY A il (REEW - > Z v bail] - JERRE - H 441 - KEBIR  Nagasawa and Urawa, 2015)

fm®  AMEIE Markevich (1936) (& o THNY ViED 7 A BHEBED LRI S L7z, BEM 4 L Nagasawa
and Urawa (2015) 127£9

FTHIELIRD1TE

Lernaeopodidae gen. sp.

41 AN Lerneopoda gen. sp. 2 [sic] (FEH - &3, 1963)
18X . 7Y Seriola quinqueradiata

BFAEBRAL ¢ IE

HIBEI AR LR (ZER SR - 53, 1963)
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THIELTRIOERE

Lernaeopodidae gen. spp.

BE . A/NVEMIHD I Sebastes sp. (= A/3)V), <N Scomber japonicus, < % A Pagrus major, 7 10
5 A Acanthopagrus schlegelii (=Acanthopgrus schelegelii schlegelii), 7 X Acanthopagrus latus, I 7 3
7 "1 ¥ A Acanthopagrus sivicolus, % ¥ A Dentex hyplselosomus, % Y L 7 71 L 2 Dentex abei, F %1
Evynnis tumifrons

BFAEBAL - AHpE, 6

HIREIHE | HHEE (A - G - A= 8=~ = v b - HREEA T —F— [BLET]  VLEE - KE,
2007); ALK E 2SS F il (MPFBELITHE - Madinabeitia and Nagasawa, 2013) 5 H A (FuIHALE0D -
Madinabeitia and Nagasawa, 2013) : #F i (J5 5L BT © Madinabeitia and Nagasawa, 2013)

BE-FERUVAb

k5 ff Chondrichthyes
ZUA AR Holocephali
F % A H Chimaeriformes
F 2 A #} Chimaeridae
XWX ¥ <2 Hydrolagus ogilbyi = ¥ ¥ A 5727 ¥ i Schistobrachia chimaerae
ARELHE## Elasmobranchii
AT H X H Carcharhinformes
I 74 2 Scyliorhinidae
NT R Apristurus platyrhynchus <7 3 X 77 7 ¥ L Neoalbionella kabatai
v/ * H Squaliformes
7517 A X Etmopteridae
7Y 7 V7 Etmopterus lucifer © 77 7 27 577 7 ¥ Y Neoalbionella etmopteri
7 A X F} Centrophoridae
7 A X Centrophorus atromarginatus : F 7% F 717 ¥ & 3 Neoalbionella longicaudata
% 173 X Centrophorus acus © 714 ) 71 7 ¥ I 3 Neoalbionella longicaudata
v /W X FE Squalidae
7 N WA Squalus mitsukurii %> TF 77 ¥ A Lernaeopoda oviformis
71 F A H Rajiformes
7 v ¥ LA F Rajidae
I ¥ 9 A Okamejei kenojei : LA )77 7 ¥ I3 Pseudocharopinus markewitschi
I ¥4 H Myliobatiformes
7 /1 T A F} Dasyatidae
7 ¥ LA Dasyatis ushiei © T.A F 77 ¥ A< Pseudocharopinus markewitschi
v 37 1 A F Gymnuridae
VN7 B A Gymnura japonica : /N7 UL A FJ7 7 ¥ L Pseudocharopinus pteroplateae
Tifi 5 4 Osteichhthyes
=B Actinopterygii
=3~ B Clupeiformes
=< Y #} Clupeidae
1/ 1 Konosirus punctatus ) 7 /NG5 777 ¥ i Clavellisa dorosomatis

I 4 H Cypriniformes
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A £} Cyprinidae
I 7 A Tribolodon sachalinensis © 7 7' A F 71 7 ¥ & 3 Tracheliastes sachalinensis
%7 7' A Tribolodon hakonensis . 7 74 F 77 7 ¥ & ¥ Tracheliastes sachalinensis
X F 7 74 Phoxinus perenurus sachalinensis © 7 7" 4 5777 ¥ &\ ¥ Tracheliastes sachalinensis
7/ H Salmoniformes
44 %} Salmonidae
A N7 Hucho perryi - A 7727 ¥ &3 Salmincola stellatus
I A 7 F Salvelinus leucomaenis leucomeniss : A 77 )5 777 ¥ L ¥ Salmincola carpionis
7 ¥ a v a3~ Salvelinus malma krascheninnikovi © A 77 577 7 ¥ 1 3 Salmincola carpionis
717 < A Salvelinus fontinalis © A 77 )3 717 ¥ A Salmincola carpionis
=< A Oncorhynchus mykiss © A 77 )3 77 ¥ &3 Salmincola carpionis
= a7 A 7 F Salvelinus leucomaenis pluvius : X~ X F 777 ¥ 53 Salmincola californiensis, A 7
FF 777 ¥ L Salmincola carpionis
—vavAJFEh T ADORMTE (Salvelinus leucomaenis pluvius X S. fontinalis) = A 77 FF 4 27
Y 2 3 Salmincola carpionis
. X< A Oncorhynchus nerka : A 77 5577 ¥ L\ Salmincola carpionis
X ARA 7 Salvelinus malma miyabei - A 77 5577 7 ¥ L3 Salmincola carpionis
X~ A Oncorhynchus masou masou - X'~ A7 7 ¥ L3 Salmincola californiensis
t X H Aulopiformes
t 2 £} Aulopidae
Y X Aulopus japonicus © .7 < ¥ F 77 ¥ L ¥ Naobranchia aulopi
7 4 A V% Chlorophthalmidae
7 % A X Chlorophthalmus albatrossis - 3 > 51 A 7727 ¥ L ¥ Clavellopsis pellucidula
F 2 X ¥4 H Polymixiiformes
¥ 2 ¥4 #} Polymixiidae
F 2 X ¥4 Polymixia japonica : ¥ » A ¥ A 77 ¥ 53 Clavellopsis polymixiae
% 7 H Gadiformes
% 7%} Gadidae
a< A Eleginus gracilis © ¥ 7 577 ¥ .3 Clavella adunca
A & ¥ Theragra chalcogramma : % 5 577 7 ¥ ¥ Clavella adunca, 37 ') F 717 ¥ L ¥
Clavella perfida
~ %"F Gadus macrocephalus © % 5 F 71 7 ¥ 1A 3 Clavella adunca
v 3% 7 F} Macrouridae
F = v 7 Coelorlynchus gilberti © + 7 ¥ ¥ ) 7 7 ¥ & Clavella collaris, X ) I F 77 €LY
Clavella diversia
715 ¥ 5 Gadomus colletti = 577 ¥ L Clavella gadomi
v u A & Coelorynchus paralleus © s 7 Y >~ F 727 ¥ L Clavella collaris, X+ F T 7 LY
Clavella diversia
INTF YV 355 Coryphaenoides nasutus @ 7 % 7 7 L 377 ¥ L Clavella okamurai, ) 355577
Y 2 ¥ Clavella sokodara
A1) ¥ Coryphaenoides marginatus % 5 71" 777 ¥ &3 Clavella longicauda, 7% 77 LV #7 ¥
L Clavella okamurai, ) 3% 5 542 ¥ A Clavella sokodara
¥ >~ A ¥4 H Beryciformes
¥ ¥ 2 ¥ 1 Berycidae
* 2 X ¥4 Beryx splendens : X~ s L7 <% F 77 ¥ LY Naobranchia auriculata
& 7 - % 4 %} Trachichthyidae
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INY F 2 X Gephyroberyx japonicus © 714 27 F 57 E AT IEDIHE Brachiella sp.
A A% H Perciformes
A 7N)VFE Sebastidae
7 A ANV Sebastes thompsoni © ) A <)V )77 ¥ 43 Clavella parva
ANV IE S Sebastes spp. - A 7SI YA VIEDUE Brachiella sp., 777 € AV EO1FE
Lernacopodidae gen. sp.
¥ 7%} Sebastolobidae
¥ F 2 Sebastolobus macrochir - 5 A 37 59 7 ¥ L&D Brachiella sp.
R4 v ¥ IF Acropomatidae
7 71 I Doederleinia berycoides © 7 71 Y F 717 ¥ LY Parabrachiella septicauda
A X 7 A 7% Synagrops japonicus - <)) 7 7 ¥ L3 Clavella ovata
/N5 F} Serranidae
F TN Epinephelus akaara © 7 7 ¥ 2 Thysanote epinepheli
7 ~ % A # Branchiostegidae
T H T~ ¥ A Branchiostegus japonicus X A 77 ¥ L Clavellotis branchiostegi
2.7 %} Scombropidae
2 Scombrops boops 5 ) I7 7 ¥ L Clavella scombropis
7 P #} Carangidae
71) Seriola quinqueradiata © 7°1) 9 % F 47 ¥ L ¥ Parabrachiella seriolae, F 7 7 ¥ L B O1FE
Lernacopodidae gen. sp.
% A B Sparidae
* %1 Dentex hypselosomus - ¥ % 4 .5~ % J 7' 7 ¥ L3 Naobranchia denticis, 577 ¥ LT FD
1## Lernacopodidae gen. sp.
X F X Acanthopagrus latus © 577 ¥ 2 2t 11E Lernaeopodidae gen. sp.
F Y L7 H L 3 Dentex abei : F 77 ¥ L FHO17# Lernacopodidae gen. sp.
7 1 ¥ 4 Acanthopagrus schlegelii © 7 1 % A + 77 ¥ 5\ ¥ Alella macrotrachelus, 317 ¥+ 77 &
L > Clavellotis dilatata
F %4 Evynnis tumifrons © F 77 ¥ A T FO11# Lernaeopodidae gen. sp.
~ ¥4 Pagrus major © 17 %577 ¥ 5 Clavellotis dilatata, 5777 ¥ 5 2 FL D11 Lernaeopodidae
gen. sp.
33 7T ¥ A Acanthopagrus sivicolus © 577 7 ¥ &5 2O 11# Lernaeopodidae gen. sp.
= ~F} Sciaenidae
I A F Nibea albiflora © 7 % 32777 7 ¥ I\3 Parabrachiella brevicapita
I =X Protonibea diacantha © =<\ 777 ¥ i Parabrachiella johnii
Y35 F TR
7 X ¥ J O Ditrema temminckii temminckii © 7 I ¥ I ¥ L Alella ditrematis
7 % % 9 I Neoditrema ransonnetii © 7 I ¥ 3 F 77 ¥ L Alella ditrematis
AR X4 A %} Pomacentridae
AV ARRXT A Abudefduf notatus - 777 ¥ 1 & K% Clavellopsis flexicervica
4 % A F Oplegnathidae
42 5 A B D1FE Oplegnathus sp. © 4 > % A F 747 ¥ &> Parabreachilella hoplgnathi
4 A X IF} Kyphosidae
A A X 3 Kyphosus vaigiensis : 4 A X I #7 ¥ L Parabreachilella exilis, <7V 577 €L
Parabrachiella incurva
7 #} Labridae
* 2.7 Parajulis poecileptera : X7 5777 ¥ I3 Parabrachiella bera
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7 4+ AF} Hexagrammidae
T A F A Hexagrammos otakii © 7 3 % I F 777 ¥ 5T Alella ditrematis
1) 712 71 %} Ereuniidae
N 71271 Ereunias grallator @ 3 4% )77 7 ¥ & 3 Parabrachiella annulata
77 4 71 ¥ 71 %} Phychrolutidae
7 71 K > 3 Ebinania vermiculata © ¥ A A 37} 77 7 ¥ L3 Parabrachiella amphipacifica
77~ 3 Dasycottus setiger © ¥ A A 37 F 77 ¥ L Parabrachiella amphipacifica
= a7 N7 71 ¥ 71 Phychrolutes phrictus @ % A ~A 37577 ¥ & Parabrachiella amphipacifica
R X HT H Ebinania brephocephala = % 4 ~A 37 F 77 7 ¥ L3 Parabrachiella amphipacifica
% 7 4 #} Trichiuridae
% F-v7 % Trichiurus japonicus = % -7 % 77 7 ¥ I3 Parabrachiella trichiuri
4 /73F} Scombridae
71~ AT T Acanthocybium solandri © F 777 ¥ 13 Brachiella thynni
27 1= 7 1 Thunnus orientalis © J 77 7 ¥ 53 Brachiella thynn
~ 2N Scomber japonicus @ W NV 7 NG I 7 € L T Clavellisa scombri, NG A7 ¥ LY
Clavellopsis saba, 377 ¥ 5 2%} 1 Lernaeopodidae gen. sp.
7 7" H Tetraodontiformes
7 7%} Tetraodontidae
&2 7 7 Takifugu rubripes © 7 )77 7 ¥ 2 Parabrachiella hugu

SHOMERHE

RHERTIE, 1939-20154EDTTHEMIZHIR S N E b &2, BAREF T2 ELA VR A 7 VHEEED
TR FH L 720 ZOMER, DHPEDSHIXISEAME & RFEEME G L) 2GS Twb 2 EHL 2
WZholze AV FH 7 ELVIEEEFBIZET 2 ITEOGHEANFHE (Piasecki e al., 2010) 12X > T
BHUIETEE L7225, 200445 F TICH AL SIS Nz F 7 EA VR A 7 VHIZ20E 268 TH
(Boxshall and Halsey, 2004). Z OHfHIZHD L L, DA ED S BAUE DT5%, BEHMEOHN18% OF 77 ¢
LAIRHA T VEPRE SN 8l b, T2, DHETRESIN BB EEL Y, a4 T U EH
AL RS TV B 3EE (19/%327 : Kabata, 1979), #7% (16/833f# : Kabata, 1988), 1 ~ F (9528
ffi © Pillai, 1985), 77 ¥V (10/&15% : Luque and Tavares, 2007) & I_THD &, BHITEER S F 512
RiXvb oo, HEIIHRTRLS V. T2bb, bAEIIHRTROEP LTI LRI A7 U
MERL TS EF b, T, 3%OFFHE, IHOAEME L (Yamaguti, 1939 | Yamaguti and Yamasu,
1959, 1960), HEPFZEjfEi#1: (Shiino, 1956, 1958, 1959), fif kgt (Ho, 1983, 1993 ; Ho and Do, 1984 ;
Ho and Kim, 1996 ; Ho et al., 2005 ; Nagasawa ef al., 2013 ZR) ORI RTEICL 2D THL 2 LIk
SEBRE V.

MAT, BAOL Y XA TR A 7 VM2 RO BE & K754, Do EIEHEZ RS &
HE#HD, MET Y7 OHRMEDS8F16f (Markevich and Titar, 1978), ##[E A 56/ 10/ (Kim, 1998),
HE 54J87FE (Song and Kuang, 1980) 2855 STV B IZ# E 2,

—J, DHENIIEO TEHOMM (41807 [, 2013], 0% {IZikf) AERL, Lilofkt
—FAERY) A MCTRENZLEINC, DYEETFH 2 CLATEN A 7 VHEIE S N AT 65H Th -
Tl EEZLE, DPEBILFAT I ELAIEAA T VHMOBRZEEART S THLEEDE L 25k
Vo BENMMEOR VAL, ARHIRS T, FAEEIA 7 VEINBERICHRO N L IRIEEAE R,
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A checKklist of copepods of the family Lernaeopodidae (Siphonostomatoida)
from fishes in Japanese waters (1939-2015)

1 : 2
Kazuya Nacasawa" and Daisuke UyEno”

" Graduate School of Biosphere Science, Hiroshima University,
1-4-4 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8528, Japan
? Graduate School of Science and Engineering, Kagoshima University,

1-21-35 Korimoto, Kagoshima, Kagoshima 890-0065, Japan

Abstract Based on the literature published between 1939 and 2015, a checklist is compiled for the 49
nominal species and more than four unidentified species in 15 genera of the copepod family
Lernaeopodidae from Japanese fishes. This checklist contains information for each taxon regarding its
host(s), attachment site(s), known geographical distribution in Japanese waters, and references. A host-
parasite list is also given.

Key words: bibliography, checklist, Copepoda, fish parasites, Lernacopodidae
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Study on efficient cow production by bioengineering technologies

Yasuhiro OGATA

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

AFE T AN & %7 ¥ DRYESMAEFE IS 058

RBIE  HEk
I BARFR BB FFA 6, 739-8528 HIL BT

vyide M EFRUHEBEETH Y, 280~285H ORI CIEHO T4 2 AT 5. 20720 EHETo
WHESPHHEUROEFIINETH 2, [LBROFREEL, EERERHY, FAREEE L IZED LT Tn,
DL BIRROHT, BENSHELHESF L 20 BERAET, 79 Y FMLER L 20120E, #iln
HMi & EAT 5L &b12, BHEUEDZOIZLT R MO8 & fEFE 2 BN R AT WESH L. Ih
FCORTHED S OFETAEINMZ T, ZHEBAMEMEZGH L CRVAS A Y HEEEYEE L, #i:
LGS AT WOREEDP R PR R Ve FD0I2IE, RIVAY A VREORENGRREHRSLEE 2 D, D
TN, BOIEL D HRNAY A CHEOMET S OB REENERELRRA v Nl db, TOIDICHMATS
el 3, FRMEFRIDELAT & ARGV RGN B L ORI EBT 2 05 L 725 GRBE T2 Th o, il
RNVAY A VDGR AR 5720120, RNZRIREESNZHWS 2 0% v, LR LERD, 20
FHEEWILP Oy S CFERKL LS LU, RIND7OIC LB AR 25 2 &R, WAL 08 IC X
LWL E DA SN \ve BEERIEFEEIC L DNANKE T2 5062 8, $72, HOORESE
PR A L7cRE), MAROBMTZEIEIICHERL L5 L LTnan, Zok) %y s oMM EIEBIE
BCTIE RV, 22T, SUHEOAIRAZZIEIRN (5i#40~80H) 2RI L CZMIRA A EM T & U,
Tk iR e ST 2 52 5 2 L %, WREROEL Y V9o OZRIROMENTHEE 0 b Z O
ShAUE, FUAEERRE & CHRMIREDERETREE 20, BEOH CRENEO IR O ) 15
COMRNTE D, ZOMYIEY V2, BENEOSHERBM AT 2 & CTHEER D 5 BEBNEOR A4
MTEL720, B & o THEDHD LR R O FERN 2 BT 2 2 LA TREL B b, &
WAZA R E L R s 2 EB 5 2 L T, a0l e s MR R (B
EAE) OEIMCOEMURZHD, Fzn 7T v FUZIT 2B REENG 5§ 2 2 L3 C& 5 842
5Nn CGEIE, #m)o

BT, MEBRRIEA VE YU ARV E ~ (Gonadotropin Releasing Hormone; GnRH) @ Sl il #r A= 1
MEMFL, 7 U RERINERICES S oW RINT 5 2 L 2oL UCHIE% 9206 L 720 FE15 RN %R 7%
CHEEORHICINBE O ELFRE ST L7290, Bilik7 2V LY Y50 GnRH 7+ 1 7 #F 2455 1 C,
PHIL BN D HERS, BRI R i DM 21T - 720 GnRH $%-5-15. 1 D O 7> £ 2415 (] BT B < 721 14 H
EC, JIRNOIIIEIRE L ME R RS R E CBIE Lz, £/, =5 — L THE T 2IMEr xmd %
{ %%, GnRH ¥%5- 4815 B H ISR EERIN 2 i L, PRI S N2 I8 AEYR 78 A 1K (Cumulus-Oocyte
Complexes; COCs) R ZDEIZOWTOIMAE Lz T/, 2O GnRH#EHTHL 7L L) v &7 o)L
F L) ¥ &R CTRIERINCR S 238 DEIEIC OV T HERF 2170720 ZO8E%, GnRH $%5-H:4
[Z2WCIE, GnRH #5248 TORMBERINOEMI R DR TH LT L, 720 F LYV BLUT L
L) EFIE DI, IIERNOIAEIELES D DL EWEZRT I L, MEANTORS 2REETA
ZIFeNT, EELLEREITE N EBIHL SN,

3T, vMrzu~v=tal—8 —EoRe e, vk S WHBE G132k o
HE R LT LT T B TEOREERT oz RFIZEIB W CHBICESE L /- MAaRisEL, SERBHmE: &
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ML L7277 AECEEME 5 BZFZRTHY » TV EZ RIS 2 & 0T, Hilld~OWHNkEE %
W/ANRIZT 2 2 EDRRTH b0 AT, MUBREER L RO 7L — FUIRHETY > 7)) ¥ 7RO
AT, MR EORBEIT, ZOREMEICOWTHE 2 1To 7. ZOME, MMk Cld, it
5 O T VIR IUI2AAFEEE & A7 WECRIUES z S § 2 2 A RE R 2 &, MEREEC L - C
SRR O EFMIIET L v C &, (BHEE R4 M R O IR IR o feilfn Bud, MR BEE» 7L — F
DI L b dmw Bl e R 2 &, ZhRtE (IR RUILERE) 120w T MLEIR L ML ORI
TAHIENPISPIZENT,

HARTI, PR ZENR I 2 AU L CREIERIN - ROV SEREIRAEREDT W B &9 2 MRS § B 728012,
1i1%40~80 H £ TOWFLREIN DO BNV & A A HEIZ, FE2ETHRED S 212 7z GnRH % HEEERII48
WERIRTICHT- L, BRI 7200 2 O CTHRINVABIR A E 2 30 A 720 GnRH #5512 & o TRIBEIN - A28 T
WREENIIE DRI 2 47, 2 DIRDZ RIS 0 &9 D ORERR AT o 720 F 72, Bl ORENEERIP
FERifRIZ, ANTRMEELL T, £OROEMME (i) I2RIZTEBIIOWTHMRE L. TofR,
GrI5240~80 H O AL B ZElG W C O R IEBRINZ, GnRH #¢5-%179 T & TREWRIN T RE 2 I %L, #
WENBINEBLTZOmELE 20, RISHFIC L DIER SN2 IR HIE RS IR X 0 171500k
F D 2 EDHERR S, EHMZEBHECTH o T, GnRHIKGIZ L 5T, REM 42RO EREDTT 2
B ENYISPIZENT, £72, GnRH &5 X o TR S MR RILMIE O 25 & ML E TR L 72 %
FEIE & BRI Z I PEZREA 2 W 2 E SRR S e F 72, BIERINGRO ARG IC oW T b @ o AL
BROADY v LB LG, ZIRICET 2B, 2Rtk dIc2dong, FERINCL->T, 20
TROBFMEIZG- 2 B BE SN 2 e s il S,

AWFZED & )12, AFETAERIEAN 2 A G HE TEBEORERE (SEAT S RRICEAEE L2260, 2
NETIREAE LV, RUIFETHELBANIC Lo C, RVAY A U HiZ BT LEREEICBWT, MY
DR AL FE AR A IS E G R & 2 D, SRR SN R ISR T OSZEIE BT 5 2 L T,
BEMEDEE L MAAAT, W ARREENEHEREELIENTELLEZILONS AETH S
ZL7-HAE, BEREE O AIRORE L, BT o BT EEIEOMR & FHEGR ORI L
T, REGEDPMPNIIRDEEZLNDL, GBSE, BEEE).

F—O—N1 Ty, REERIE IV, MBI GnRH
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Molecular biological mechanism for preovulatory follicle formation
that focus on ALDH family

Tomoko KAwAI

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

ALDH family (2R U 7z HEIRIRILIZ B B 5 % 201 LR S Bl 78

e T

INBRFR PR IEFFAITIEF,  739-8528 HA K117

PR R OMEE AT, PRV E Y FSHIC XL DB T 20002358 F L, =X bar >y (E2) #°
EREN, SN EPUINHE - BIREN D, v ATIE, PRTHEISE Y 2 B0 C LH &1k
(Lhegr) DPE5EBLT 5 2 L mViag - S84t b OO UIHTH . LA L, FSHEIEET
(37 < PRI 7 o CTHH T 5 Lhegr DB 2 HIHT 2 A ITYITH 5, £ 2T, ABIZETII,
<7 A% VT FSH 2% Lhegr 588l % 5385 5 720 ICWHBR I BLH T OFE & 2 ORI 2 17\, IID%E
AR DHE R L 72,

ALDH family DRI & HEaefEMT

FBBRRT 2 FET 5720, RE#HE~ T XL FSHERMER® eCG 5L, HEINIIIEAEILE S 41 5 481K
O~ T A6 M Mgz B L, BEFHEREET 2175 720 ORI, E26 M T CYPITALIZ X B X
IR A S B & PR E NS RIFEY acetaldehyde D43 ffEES:, ALDH family % [F5E L 72

E2E 1B b 2 IR T D 5B L acetaldehyde i FE & FERFIY ISR L 72455, eCG 5~ AT Cypl7al
PHEBEIC LA L, Z4UIEV: acetaldehyde i S A L72. Lo L, eCG #5481/ % Tld Cypl7al 1F75
WIZH B BT, acetaldehyde i FEIZ24HEf 2 & [ L OV TIF L72o DMK NI acetaldehyde D EEME
5 I % B 5 MRS & HE22 L, ALDH family OB H) & BIE % #E) L 72 AldhlalA eCG 12 &
DAEEIC AL, WINEEMIE & PERIRE TR IR I D R S, acetaldehyde AL & 3 RRER O R
TEDHMNTH 072, & 512, E2HHAE ALDHIAIO MBI Z AL 720, TUE—8 — N 217572
WER, Cypl7al % FHHET LRGN T GATA % Aldhlal 383 % bHIEIL CWize 26D Eh 5, Aldhlal
7% GATA IRAFI9IZ E2E R & ARSI AL L, RIEEW 20 L Cwa L £z b/,

ALDHI D & PRI 2 8 & MG 3 % 7200, REi#~ 7 A 12 ALDH ¥l #] % eCG & JEEN 5 L,
acetaldehyde i, EIZF5H, INHIZEANDOFE L7z, ALDH %] 3 % & acetaldehyde i fEAS L5
L, FaRIRamcl3 s EiliafE 2y —C, L 72Mi31E TUNEL etk 72 572, £ 6102, JesE
WO~ —5 —#I5F Cypl9al, Lhegr DFEFAHEIIWA L7272, ALDHIIZ acetaldehyde % 53 L, kL
[l DA AR N FERE & N L 72 I 2 LI EH LT b e & 2 bz,

ALDH1IZ &% acetaldehyde A #HEEDINICE % B R/ E

ALDHIIZ X % acetaldehyde 53 b8 2590 1 MAT 3528 2 5 72, eCG & ALDH #0ilH) % [ FH: 5 L
72 A2 hCG % %5 L, HEINEER & SCRELaRBR 21T - 720 HEUNEL, ZABINEL & WRAE N IE~ o> 584 I 4513
HEIALN L, YPHEP acetaldehyde #FE & SUBFET - IO IZAREABIE L Tv7z,

b N RELIGIER LS, R4 Ze SNBEE A L 72 B A SERINER LS, U0 & PR & ML L 720 B0 & fRAb 24
L. ZHERE BIFIEAO S AR ME L, I acetaldehyde I MIE 21T > 720 Z DGR, IR O
acetaldehyde J DS HIBLE P A — BB QI CH R E CEA Y, IEFHICZH LIRBESFR SN I005)E
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3 % YU acetaldehyde 213 124K 7> > 720 acetaldehyde 7t A L2 2 1%, Wb IsAEREOR
W% FEE S 5720 OREEHE R EINREFEEDERBEHOFID N I245 5 LF 2 5Nz,

ALDH family #{=zFDHI#H9 5 RA §%R EZDEE

ALDH1IE, #O4EILL 72 vitaminA % L7/ 4 Y (RA) (&3 51%E O 4H9 . ALDHIFIHIFNIZ & D
T L7z Lhcgr 838758 RA $£5-12 & W A48 L 72725, ALDHI1I4 acetaldehyde 43/ & RA HiiarpciZ 5L,
T REAHEIN I AN D IEE I & % 2 5720 RA OUIEFEREIZ T3 % E % M5 728, vitaminA KZ
filkt & LA D~ A2, WA, JIHIEEE, IUSEE RPN O~ — 7 —#m T EH, JIoPIs
A, IWBIIENOSERANORER G L2 TOME, BRI L, WREOHEINHIEL T3 HE
PR F3TH DL, SOFRRIS Lhegr WEEIZIIHI SN TWE 2 L 2R L2, F 72, BRIP4 1T -
THHINER I OB, IO S E RN ERICLE SN o7z DLEOENS, JIsEEY
IZABE NS RAE, LHESZMZ2EO5 2L THWEERZ IOINEHINS L 2 E 2 51,

RA IZK W HIHE NS LH SAREORIRHEEE

RA & Lhegr ZBLOBMREZ 5720, PR RA IS L LacZ % 5313 % RARE-LacZ #{nFE A~
7 A% AV oo FSHAEI % 520 F 72 BRI @ MG C LacZ FptEAs52 &, W UAIRZIC LHCGR & J3fE L Tz,
LacZ i&7E13, RA SHOMHIF TET L7z 22T, RA GEIIHFZ eCG & M5 5 & Lhegr 58381
DA HH S, BRI, IO - BAERLINT L7ze LA L, Lhegr 70 E— ¥ — I RA IBEAL
FIA7z\ve DF D, RAIZE D Lhcgr BRI MR & & 2, Spliiat A + @ CpGHECHIIZAEH L, DNA
AF WAL % 4T 5 720 eCG 51 Tld CpG BLF D A FIALEIAILE VA, eCG 512 & Y 20 HIA 3%
LA L7ze —77, eCG & RA & EUIHIF O FFHR5-1& 2 AL &2 iR L 720

HESRINAIAN D FEB L, Lhegr IMIE { ORIZFTHRA T WML Z > T2, 5 & fi S 3 E
L, RADHRT DA FALE & D ITBNOMIZFRBUIE L MIHT 2 2 & T, MiEilomieZ(t s
GO R, - SEAEREDOBIMRMEDEH O M 2 £ HEZ T,

AIFFEIZ BT, FSH A 2 Lhcgr 5631213 ALDHI2S B2 B 53 2 (a7 L I3 EH- L,
FIEEY) acetaldehyde % 7395 Z &, (@ ALDH1IZ RA G H~b 5L, Lhcgr 70 E— ¥ —FHIHORL x T
MEEFET L ENEETHL I EEHLNIT L,

CAUTED, BENZERIONZ T, MRBNRET - MRS | &R 3 5 E TR IE O I &
ZOTEOEF~OBEHIMES N,

F—J—R:IREEF, ¥V rT1 v, LFIAUEE AT0A RERLVEY,
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Diversity and molecular evolution of carnivorous calanoid copepods

Takeshi HIRABAYASHI

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8523, Japan

WEMES 7 X 2B 747 OB O LR & 551

SRR L
W BARFR B BEFFZIIE R, 739-8528 HIL

NTRABAAT VHEHEETROBWIIZVCEHW T 7 N THY, FOEEHIEIEICDOWT1900
ERYED SWTEDERIC R SNTE e 2O THWM T TV 7 by R EORTE2BET A ZkAEEGE LT
BT HNT WD, REOEICL VOB 75 > 7 by EZHAETLHLT M) ¥ A2 EHATLHO
GAEDHS o CTE Tz L L, WEEODREE - RO LR &2 W TR EmIc
WIZEAT S I C Vo fzo AWFZECIEAKYE, IBEMERESB £ 051,000 m PLKICERT 2 WO M8, 45
& T 2 70 1 b AR A2/ N L RO % B L BRI E L, 2h s oEMERx
HE L7z T2, WEHEVPRFEELED»SHEL L 72 2 12D T Heterorhabidae 7 #8HZ L THF 3%
FIFNT (D 18S IRNA B £ U28S rRNA #f& T, I hI Y FY70F bru—2a CELEET 721=y
MEET) THO 2T A2 R HMNE Lz,

WENEA 7 X AB A A 7 HEEVNAE FMOWM T 5 V32D LD b hOFERIH§ 23 BV F
BHOZNS B L CHEFIMEL, 512200 ONBRIIEENOREHORELFE L {7 1L
L OB 2238 EA o N7z, 3, MW OMTEA20.0% LIAD Group 1 (Diaptomoidea) & & Ol
% 2 % Diaptomoidea DAt D ERFCRERL S % Group I T b7z, & 512, FUNHAOHMEE =L
AV NOIREBIZL > T3 A TIZmEsh, TNENoOBEEMNA T HEE L 72o Group 1 O Candaciidae,
Group Il @ Chiridiella, Cornucalanus, Heterorhabdus, Paraheterorhabdus | “chopsticks mode” @ & % $%H
L THIR BN KRB OEEZ, ZoMo s 4 713 2 OFEHK & “scooping mode™ & v» ) Hallz v THIR Y12
IO AL T2 EHEE L7, ETRAIHOTL 2 v bofeliix BICHCCHEI A4, HET
BHEKDOTL AL M TRy MRS EED L CZONENEL AL 2 X ) 2BITE %35 L
W7o WEEIZT T X ABOMELO P TEES ML LCIRE L7z L3R S b,

717 XA HORT- B 5 WENO BYEO I IR T O 7% WALE, FRISRIEAN ORI A 2 5 72124
Lz SN THB Y, HTEEIPMIMIIINENIR L7268, AREONSREROSIESE L2t %
AHNDo

Heterorhanidae M7/ 97 7> 18S rRNA i 5T &£28S rRNA I T DG AEY & Fv: 725 T RN 12 BV
T, T TRIBBSN TV LIERBIZES CRFBOBIZ L =3 L7z $4bb, KT &M Disseta 5 HIZ
I L, ME £ Mesorhabdus, Heterostylites % R L2, I IZ AN EIZHHL L 728 Hemirhabdus,
Neorhabdus, Heterorhabdus, Paraheterorhabdus 73538 722 & % 7R L7z R EEHIE 2 5 “chopsticks
mode” AT H2WAEBVHEALL 72 L 20 FRMFNHITTHRHTE 2z, £/2, IPaXFYTO
COLBRF DAL Z 100T7 72 1) 1.4% ~2.6% & LT, TG RRFVE Disseta & HEEVE Mesorhabdus
O COVEIATF OMIZMFRHE21.2% (SHMIBT 5 &, #1500/ ~81054E L & ), Hfri i~ & 55k
WA o7z L I N7z, 59 5 &, Heterorhabdidae (3 it Bl ~ S B2 i CRAB M £ 2 S WA
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LHEfE LI L7 L FHE NS, F 72, Heterorhabdidae PN @ 18S rRNA i#{nT & 28S rRNA & (n T O AL
ORI HE (pairwise genetic distance) (£0.07~2.27% O#FHIZINE - 724%, Hemirhabdus, Neorhabdus,
Paraheterorhabdus 3 X U Heterorhabdus % & $24)& I O (= BEEEIX0.14~0.92 & FER ISV EE IR L 720
Z Ol Heterorhabdidae & [7] U FEHZE L, ZARMICHT-LTH % Metridinidae O J& [ O BRI EEEE (0.21
~2.21) L% T& ), Heterorhabdidae TI3JE % 4= U 2 #EL#E, S F ) GO fba e 2 3 HEH M A
7 XA HOREGALHEE L R TELTB Y, SARBEAI) EEoM#IISEZ o722 LAafiE s
720

R TIIANENED 7 X AR A A 7 YE ORI 2 BRI RER M 2> & AT L, EALBEIII DT L
72o HIRIZE HICE { ORTRERTIFICAELT 5 WRHE 2 18I0 L 72TRREMAT, LS A WA 2 g
RARIATIZ & BB OHEE, 714 7 VO FIRFTOMTIFIZ L 20 4 7 VHORMELOH %
HEPIZT LI ENRETH L,

F—TJ—RN:BIXABHATHE WE MHE, 5TEL
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Nutritional Studies for Early Lactation Cows Milked by
an Automatic Milking System

Andriyani ASuTuTl

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

HEWEFL Y A 7 21280 2 WAL E O REICH S 0%

TRy = TAbMwTA
I B KB BRI TER,  739-8528 HIA BT

Automatic milking systems (AMS) are the latest milking machine utilized in dairy industry. Reducing labor
cost and saving work load are major reasons for introduction of AMS by dairy farmers. Cows milked by AMS
generally increase milk yield with increased milking frequency. The Increase of milk production by frequent
milking may affect the mobilization of fat stored in the body tissues, especially in an early lactation period.
Related to higher milk protein yield, higher milking frequency may also affect mammary amino acid (AA)
metabolism in cows milked by AMS. In addition, feeding strategy for close-up period must be applied to
minimize the negative effects of negative energy balance on production performance in cows milked with higher
frequency by AMS. Therefore, this study aimed to evaluate milk production and nutritional status in early

lactating cows managed with AMS, with focusing on milking frequency and prepartum feeding levels.

In Experiment 1, 8 multiparous and 4 primiparous Holstein cows were assigned to two treatment groups of 2
or 4 times milking frequency. After parturition, cows were fed a partial mixed ration (PMR) ad libitum and milked
by AMS from 10-18 days postpartum. The daily milk yield in AMS period was greater (P < 0.001) in 4 times than
in 2 times milking cows. Yields of milk protein, lactose and solid not fat (SNF) were greater (P<0.001), and fat
yield tended to be greater in 4 times milking cows (P = 0.073). Average dry matter intake (DMI) and total
digestible nutrient (TDN) intake in each period was similar between treatments. Body weight (BW) and body
condition score (BCS) were similar between treatments, but BCS decreased with period from 20 to 35 days (P <
0.05). Arterial plasma concentration of glucose was lower (P = 0.034) in 4 times milking cows. However, the
arterial concentrations of acetate, ketone body, non-esterified fatty acids, triglyceride, total cholesterol and urea-N
did not differ between treatments. The arterial-venous difference of plasma metabolites by the mammary tissues
were similar between treatments, however estimated mammary plasma flow was higher in 4 times compared with
2 times milking cows (P < 0.05) which probably affected milk and milk component yields. Arterial concentrations

of hormones (GH, IGF-1 and prolactin) were similar between treatments.

In Experiment 2, the blood plasma samples of the coccygeal artery and right subcutaneous abdominal vein
obtained in Experiment 1 were analyzed for free AA concentrations. Arterial plasma concentration of glutamate
(Glu) was lower (P = 0.022) in 4 times milking than in 2 times milking cows. Arterial-venous concentration
differences of each essential AA were not significantly different between treatments. Mammary uptakes of each
essential AA except for tryptophan were higher (P < 0.05) in 4 times than in 2 times milking cows. In contrast,
mammary uptakes of each non-essential AA excluding alanine, aspartate, serine and tyrosine were not different
between treatments. Ratios of mammary uptake to milk output of branched-chain AA were lower (P < 0.05) and

uptake to output ratios of glutamine, Glu and glycine were tended to be lower (P = 0.055) in 4 times than in 2
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times milking cows.

In Experiment 3, 7 multiparous Holstein dry cows were divided into two treatment groups supplying diets at
125% (H) or 100% (M) of TDN requirements, respectively, during last 3 weeks of dry period (close-up period).
After parturition, cows in both treatments were fed PMR ad libitum and started milking by AMS from 3 weeks
postpartum. Dry matter intake at week 3-6 postpartum was similar between treatments, although DMI at week 1-2
was numerically higher for cows in the M treatment. Milk yield at week 1-2 was tended to be higher (P = 0.09)
for cows in the M treatment compared with the H treatment. Compositions of fat and protein in milk at week 1-2
were similar between treatments, but lactose and SNF contents were higher (P < 0.05) for cows in the H treatment
than those in the M treatment. At week 3-6 postpartum, protein and SNF contents were lower (P < 0.05) for cows
in the H treatment. Milk fat yield was higher (P < 0.05) for cows in the H treatment compared with the M

treatment at week 3-6.

In summary, the results of this study indicate that increasing milk yield with increasing milking frequency
does not enhance fat mobilization till 3 weeks of lactation. The increase of milk yield with frequent milking by
AMS is mainly owing to the increase of mammary plasma flow which affects AA uptake for milk protein
synthesis. Efficient conversion of essential AA to milk protein by mammary gland may also affect higher milk
protein yield in cows with higher milking frequency. On the other hand, feeding levels in prepartum period may

not affect milk yield but increase milk fat production in early lactation by AMS.

Key words: amino acids, automatic milking, feeding levels, lactating cows, milking frequency, peripartum period
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Goal of the study

Integrated sustainable livelihood approach was implemented to relief fishing communities and restore fish
resource in tsunami-affected areas, Aceh-Indonesia. This research objectives are to examine factors affecting on
changes of fisheries livelihood pattern in fishing community, examine factors that cause decrease of anchovy
resources and coastal ecosystems degradation, assess effectiveness of integrated and participatory sustainable
livelihood approach, investigate the recovery process of fisheries livelihoods and roles of indigenous institution
toward the strengthening of social resilience; and to provide recommendation for adaptive framework on recovery

of fisheries livelihood.

Factors Affecting Changes of Fisheries Livelihood

In 2004, the tsunami had affected on fisheries livelihood in Krueng Raya Bay. As a result, USD 2.7 million
fisheries livelihood assets was damage and loss. The pattern of fisheries livelihood was changed by the tsunami
struck. It led a number of fishermen increasing from 10.6% of total population in 2003 to 15% in 2011; a number
of fishing boat decreasing sharply; operational cost and re-investment of asset production increasing significantly;
increase the percentage of fisheries household dependency on fisheries resources from 40% in 2003 to 60% in
2005. A declining of fish production in both volume and value could be identified as direct factor which shifted
the income of fishing communities. An upward of food, fuel, wood, and equipment price; a change of workforce
and livelihood; and an increasing immigration were contributed as indirect factor on change of fisheries

livelihood.

Assessment Factor Contributing on the Anchovy Fisheries Decline

Fish resources, in particular anchovy (Stolephorus commersonii) in Krueng Raya Bay faced a depletion state
aftermath the tsunami. A downward trend of anchovy production could be revealed by less of catch during west
monsoon season of 2012, amounted 7.8 tons or 52% of the total catch with the operation of 7-29 units of lift net
boats. Simple regression analysis resulted two different models of MSY either before or after the tsunami in 2004
which were shown as y = 0.8696 — 0.00008x and y=0.1138 — 0.00002x, respectively. Model 1 recommended to
reduce the number of lift net boat to 43 units for optimization of yield. However, Model 2 suggested that only 23
units could be operated for optimal effort each year. Average recent catch in MSY showed 53.9% (less abundant)

before the tsunami and 5.5% of average recent catch in MSY (depletion) after the tsunami. Such a tragedy of
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resource depletion was accelerated by anthropogenic factors, increasing catch effort, destructive fishing gears, and

degradation of coral reef and mangrove and the tsunami factor.

Incorporate Sustainable Livelihood Strategy on Recovery of Fisheries Livelihood

Poverty alleviation through increase of income is a main target of sustainable livelihood strategy. In study
area, high dependency on fisheries resources, ranging between 0.61 and 0.81, brought poverty condition in fishing
communities. It can be seen that 65.9% of total population was lived within coastal area and 69.2% of the 13
villages were coastal villages before the tsunami. The fisheries livelihood program successfully reduced a number
of poverty population to 56.58% on 2009 from 97.70% in 2005. The strong internal characteristics of fishing
community were regarded to cope fisheries livelihood recovery. But, their capacity of recovery process and
financial capital were insufficient to restore fisheries livelihood without any aid delivered from Government of
Indonesia and other donor agencies. Some lesson learnt were to integrate alternative livelihood development and

social-ecological approach into development of fisheries livelihood.

Toward Strengthening Social Resilience through Fisheries Livelihood Recovery

Social resilience has role to govern the local community and coastal fisheries resources toward sustainable
fisheries development in tsunami affected area. The four villages selected, i.e. Ruyung, Meunasah Keudee,
Meunasah Kulam, Ruyung, Meunasah Mon showed a highest SoVI, which were in range 0.7850 — 0.8460,
because these villages are located nearby sea and flat area. Indigenous institution had a contribution and adaptable
to rebound social resilience. The Panglima Laot Lhok (sea commander) had determined and adapted role on
recovery of the fishing community, particularly facilitated aid delivery to fishermen. Toke Bangku (financial
trader) had stimulated for reinforcement of advance payment and market channel. The other institutions
supported upon linking and bridging connectivity among stakeholders. Toward the strengthening social resilience
of fishing communities could be gain through: revitalization of rule using the social value and religious;
engagement of indigenous institution and local government unit; adoption of the sustainable livelihood approach;
integration of management adaptive strategies; collaboration action among the stakeholders and local institution

capacity building; and arranging exit strategies for fisheries and alternative livelihood development.

Conclusion and Recommendation

It is clear that anthropogenic factors contribute to depletion of fish resources and degradation of coastal
ecosystem. The tsunami brings out fish resource and its ecosystems to the worse condition and resulted a huge
negative affect on fisheries livelihood. It has caused a decreasing of income, increasing of poverty people, rising
of social vulnerability, declining of social resilience within fishing communities. Toward the strengthening social
resilience of fishing communities, it is needed to integrate sustainable livelihood based on community’s
participation for achieving self-social resilient of fisheries communities and cope fish resources depletion and

ecosystem degradation.

Keywords: tsunami impact, sustainable livelihood strategies, social resilience, fishing communities
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1. General Introduction

Infection by pathogens in the oviduct causes eggshell malformation, debility of host bird, contamination of
egg and chicks, and food poisoning for human. The regulatory mechanism of immune function in the oviduct is of
importance to enhance the defense function against infection, and it is also important for host animal health and
safe and efficient egg production. The aim of this study was to determine the immunoresponse process including
recruitment of cytotoxic cells induced by bacterial and virus infection, and the effects of the immune factors on

the eggshell formation in hen oviducts.

2. Effects of Lipopolysaccharide on the Recruitment of Immunocomponent Cells in the Hen
Oviduct

The aim of the study in Chapter 2 was to know why the susceptibility is high in hen oviduct during the
molting phase. The expression of IL-1B, IL-6 and IL-8 were up-regulated in association with CD4" and CD8" T
cells recruitment in response to LPS in the oviduct of the laying hens, but the ability to recruit CD8" T cells may
be depressed during the molting phase in Experiment 1. The lesser recruitment of CD8" T cells may be one of the
reasons why the oviducts are more high susceptible during the molting phase. T cell pool was more developed in
the vagina of LPS-repeated stimulation group than control in Experiment 2. The lesser antigen stimulation in the
vagina during molting may result in the reduction of T cell pool, and it may be also one of the reason for the

higher susceptibility in the oviduct during the molting phase.

3. Effects of Estrogen on the Cytotoxic Response to Avian Infectious Bronchitis Virus Infection in
Hen Oviduct

The aim of Chapter 3 was to determine whether the egg-laying phase and estrogen affect the induction of
cytotoxic cells at early stage of infection by avian infectious bronchitis (IB) virus in the oviduct. The frequency of
CDS8" and TCR-y8" T cells in the isthmus, and CD8" cells in the uterus was significantly higher in the alBV group
in the laying and M-EB hens, but not in the molting and M-oil hens. The expressions of cytotoxic cell-related
molecules and cytokines in the isthmus, and of CX3CL1 and IFN-y in the uterus were higher in the aIBV group in
the laying and M-EB hens, but not in the molting and M-oil hens. These results suggests that infection by IB virus
causes the cytotoxic immunoresponse with up-regulation of cytokines in the isthmus and uterus at early stage of
infection. This response may be declined during the molting phase due to decrease in the circulating estrogen

level.
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4. Effects of Avian Infectious Bronchitis Virus Antigen on Eggshell Formation and Immunoreaction
in Hen Oviduct

The aim of this study was to determine the mechanism by which the IB virus affects eggshell formation.
Attenuated IB virus (aIBV group) or vehicle (control group) was injected into the oviductal magnum lumen of
hens. Gene expression of collagen type I, but not collagen type V, in the isthmus and calbindin in the uterus was
decreased in the aIBV group. The frequencies of CD8" cells and TCRy3" T cells in the isthmus and uterus were
significantly higher in the aIBV group than in the control group. The expression of cytotoxic molecules and
cytokines was also higher in the aIBV group than in the control. These results suggest that IBV infection causes
disorder of eggshell formation by disturbing gene expression of collagen type I in the isthmus and calbindin in the

uterus, probably via the effects of substances from cytotoxic cells and proinflammatory cytokines.

5. Effects of IL-1p and IL-6 Stimulation on the Expression of the Eggshell Formation-related
Factors in the Cultured Uterus Tissue

The aim of this study was to determine whether the IL-18 and IL-6 affect the expression of the eggshell
formation-related factors in the uterus mucosa. The expression of IL-6 receptor was identified in the tubular gland
cells and whole tissues, but IL-1f receptor was not identified in the tubular gland cells. Expression of calbindin,
PMCAI, PMCA2, CA2 and SLC26A9 was significantly increased in the tissues incubated with IL-1p and IL-6
compared with control group. Whereas, the density of immunoreactive calbindin was significantly lower in the
tissues incubated with IL-1f and IL-6 than in the control group. These results suggest that IL-1p and IL-6
temporarily upregulate the gene expression of eggshell formation-related genes, but down-regulate the protein
density of calbindin in hen uterine mucosa at the early stage of stimulation. It is assumed that IL-1f and IL-6

affect the transportation of Ca”" to cause eggshell malformation in hen uterus.

6. General Discussion

In conclusion, the cytokine production and attraction of the cytotoxic cells are important to protect the
oviduct from infection by pathogenic bacteria and virus in hens. Estrogen is likely necessary for enhancement of
cytotoxic immune reaction in the oviduct. It was also established by the current studies that the produced IL-1
and IL-6, and cytotoxic cells and cytotoxic factors induced by microbe infection are likely one of the factors of
eggshell malformation caused by pathological microbe infection. These knowledge is expected to be useful for

the basis of the technology development for the preventive hygiene in the oviduct and the safe egg production.

Key words: chicken oviduct, cytotoxic cell, chemokine, cytokine, eggshell, IB virus
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Yoshita et al. (2009) (& HAEMHICHB T2 o<y By < KoL KL, £E18m Ulo
ERIZIB VT, FHERHEOIRE: SIZEZR o s Z e 2 L7, L2 L, Yoshita et al. (2009) O
FEREIE CTH G O B EUEI A, 4 TR EOBAEIZITHON TV ARy, RIFZETIE, #Hzlciig
Wh o< RYED DNA Y > TV EED, FHIIZED L) BN GA LT 200t L, FHOK
BRERBORE NS, ENETNOAWFNEEREAERAONITL 2L, 05 4 THERE ORERLHOR G
LOREENS, BRGSO N o~y Ry BSOS & T2 2 L o2x HigE L7z,

1. DNA . Y& 5356k~ v Ry @o¥ v 7V aUE L, I b3 K17 DNA @ D-loop
AR V2V F T Ly 2 APCRER YA LY by —27 Ty A& WHEFRE LR, B L [
FRlC~ Ry BIE3E T S 7ze RIFETIEY O~ Y R KWER A ¥ FEEICb T2 8, /2
< VARIFENICBW TR L KD 7 L — RIS 25 LD LR E 2, ~ v Ry BA&REIC
WO D DR DSFETE T 5 W R PEAVRIE S 7z,

2. EREFAT, HAITIED b~ ¥ Ry B2 OILEEE MG (WiELIY, SR, TlEkEiEny, #e
SEEIRIR, AEEECHE, ANZMZEN, AR, REER) oFR %157,

EN O EERE SR TRR SN TV A Y VR 7 EORBF AR (£E25mblE) 2250w, D
FHREZIT-> 720 LETE TINHMERIZTRT Mola mola L RE SNNTW7z28, WEOHER, I2-V7
L8 — 7 TR E R, 7 7 T T — v PR ARBEAKIEEE, ALIUNTIAL BARE - R AE I RIR S
TWBIMERIE T v v Ry LEESN, ML <5 LOBEEICER SN TV IERIEY v ARy LFEES
n7z.

GHEOMEEN SAMEE THER I N7 o~ Y R IO RS 2 HH L, KRR CHgEs vy v~
VAR IE TN TRIO THERR S 7,

F~— VD S SN~ VAR 7 E2EK L, Fraser-Brunner (1951) D433 % T, JefTHfZe (Jawad
etal., 2012 ; Jawad, 2013) TIEEMIZHITE (Mola mola, Mola ramsayi) L [F5%E S7ze L>L, DNA f##T
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L7zkER, WA e bfE (7o~ rRy) LREESN, WEROEE D, SEEMEZTo /2R, v
VR URY ERIEENT . ARIFSE L ATISE COMEE DOV EW A S, Fraser-Brunner (1951) D434 1%
FRE O H D L EZRIB L. 72, SNOLOREBREOKE RS, EHNIL L b ITHEORF R E
HELTWVD Z EATRE SN,

3. AEREWAE. 6~ 1A OEIBICHALIG RIS MBI 27 o~ v Ry L VR IZOWTEREREZ 1T -
7oo AWIROMR, ~ R 7EEIZBBOMH, FoRKE S, i, KEPSRR 72, < 2R 7372
BT, MEHE S B ISR A BRIRDO R E S OMEEASII L 720 — T, 7~V RTIdEZE (TH~8H) 12,
ER2m U EOMOANHI L 720 ZET o~y Ry~ Ry L) HBUKE SV L —8T 5, ~
YRTIIMRA BERORESESHB L2 26, BN B, EFEHE L THHL WD Z &
BEEINTze —, T RTIINREESEH L E S, BULIR RIS KEMER O A SR & L
THHLTWD Z EAMELE S NIz T2~ v R KAV & /N R T BRI R I BUKIR S R e o 72 2
L, Yy RYBIIREERIC L o ThligE sy — LT 2 W REMEAYE 2 S 72,

4, BEEFNER . 2 FE TIXHESNIZMA»SREMIT b3 E ¥ A TIEAOREG Z 1T 572,
Catalog of fishes 12 £ 2 &, BfFT 5<%V RIIBD Y A TR Mola mola DH B4 L SN D Ozodura
orsini & Mola ramsayi O % & & 7z - 72 Orthragoriscus ramsayi DUEROH7Z 572, TN DL AL
724558, Ozodura orsini Ranzani, 183913~ >~ K7, Orthragoriscus ramsayi Giglioli, 18831Z7 ¥~ ¥ K7 DO
BB L —F L7z L L, IS OMEFIATHAH L ENT W72 Mola mola DFZHRL L SN b
Orthragoriscus alexandrini Ranzani, 18390 % A4 THERNEIHR SN, WEREZITo 2R, v ~v UKy
E—H L7 FHREPRET L2010, MORBGRLOMELZITo72L 5, MolamolaDdb L &7z
Tetraodon mola Linnaeus, 175813 O L EEIC L TREMEI N TV LN E R, ¥ 4 TR
ZWbokEZ 5N/, LA L, Linnaeus (1758) Otk L7-fEid A%l & & 2 S, Tetraodon mola % <
Ky BORMOME L7z %72 Linnaeus (1758) 2 5 Ranzani (1839) T DRI L O H 12
Orthragoriscus alexandrini & —3(§ 2 BIIMIZA SN 0> 722 LM 5, Orthragoriscus alexandrini %~ ~
Ry BEO2FHOMEE LTHRE Lz SNHDERIY, v <R DXL Mola alexandrini (Ranzani,
1839), ~ ¥ R DH#41% Mola mola (Linnaeus, 1758) &% 2 btz CHEIZFEM 2 FEREMAFRIAS D 22> T
Wi, FHROPEIZSHROTELE L,

CNETORHR, YV RTIEERNTFERTE LA ¥ FETIHERI N TV Vv, —F, 7~y RT3
JEM R IE WA DR S Tz T2, CHIZILEERTRER I N o7ze INH LD, v U Ry e
ZENZTIE T LA R 7% B 55 Ai % RO REEDRIZ S 7z,

F—0—N:<yRYE, JBRE RRE DNAFRIT, 54
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Goal of the study

Good Agricultural Practices or GAP is a global appropriate cultivation method for the farmers to conduct
food safety. It is an appropriate on-farm into farm gate cultivation management included, farm inputs selection,
farm management, until post-harvest management. GAP aims to encourage the farmers to produce the safety
agricultural products for the consumers. After FAO introduced GAP for a period of time, it become one of the
minimum requirements for the agricultural trades in global market to secure the food safety and sustainable issues
at the farm-level production. Many countries adopted the FAO GAP guidelines and established food security
framework, including Thailand. Although there was the clear framework for the MOAC to implement GAP into
farmers, halves of them stopped to maintain their certificates with in last 3 years. The reducing in the numbers of
GAP certified farmers in Thailand shown the changing in direction of GAP development in the future. The
evaluation of success of GAP development in Thailand still is on the discussing. This dissertation focused to

identify the current situation of GAP development in Thailand.

This dissertation has four specific objectives: 1) To examine the factors affecting the farmers’ practical
perception on their GAP understanding; 2) To assess the situation of private standard dual-GAP development in
Thailand, and to determine the opportunities of the practical collaboration between private and government
sectors on the GAP development; 3) To expose the GAP realistic economic incentives from farmers’ GAP
experiences in the important export commodity; and 4) To define the current situation of GAP-based marketing

and to identify the buyers’ attitudes towards GAP-based product.

Conclusion and recommendation

After FAO introduced GAP for a period of time, it become one of the minimum requirements for the
agricultural trades in global market to secure food safety and sustainable issues at the farm-level production.
Many countries have adopted the FAO GAP guidelines and established food security framework, including
Thailand. There were many obstacles on policy, extension services, research, and farmers’” implementation levels
during GAP developing process. The success of GAP is depended on the effectiveness of farmers’ implementing
GAP procedures. The farmers will increase their GAP standard attention when they can get premium price from
selling their GAP-based product. In general, consumers markets have not yet developed enough mature to deal in
GAP labelled products in some countries. Farmers might ignore this standard. Food safety issues including GAP
are not cared at a farm-level. As a result, like Thailand, food safety of agricultural product is not reliable in the

global trades.
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Actually GAP gave both direct and indirect incentives to farmers, but they tend to believe that GAP can
secure little incentive for them, in cases where a direct market for GAP-based product has not yet become mature
in economic terms. Therefore, private sector need to generate a dual-GAP standard which will secure food safety
and keep a certain level of product quality. Some dual-GAP standards labelling (such as 4C, GlobalGAP, etc.)
have already be accepted widely in the global markets. Farmers can gain visible benefits (normally is premium

price) from implementing such standards, and learn how to improve their food safety production on their farms.

However, it is also difficult to promote new dual-GAP standards. Private company have expanded the
fundamental GAP knowledge among farmers through dual-GAP standard. This knowledge expanding becomes
the best way how private company explore their new standard. Any dual-GAP standard needs the development of
GAP as an essential requirement. GAP standard also needs the dual-GAP standard for the market access. Each
standard cannot stand alone in market. This mutual-relationship positively motivates the development of both
GAP and dual-GAP standards. This relationship inspires the farmers to improve their sustainable cultivation

which positively affects the Thai agricultural food safety reliability in the global trades.

Keywords: GAP, QGAP, 4C, Dual-GAP standard, coffee, mangosteen, cost efficiency, marketing
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B &, BEERLW S, CEMSEOBEKO L PO TR E08 X 2 A5 [HfffmtE] &, RS
i, MEORG 2 ME L7720, B W L7k RE L Bl 3 5 [Bufifds ] 1oa8ish, FRIcmfingic
BWTUE, MR OGS % 5T 572010, BRREESFIH SN, A 2805 [Afbymd]
T, Bk R s % BRI L <, LSRRG S8, 5SS ai 2179 ks EiRThH b,
MAFI AR DPIE CFH SN TV A,

BRI S aRICE, Y va—A7e Fusr )b —+¥ (GDH), IV ATH— LV F ¥ 57—+,
NNFF VT —E R ESEFSERBEIFHASIND, T2, IO ORRMERRRICIL, Bz pi<e
OIEVIEEANOSRFRE L SIS RO S, S 512, BRBREEO RAM ORI 2 5720, Ev
GREMENRDOENDL, 72, BIFGER 7201, @WEMES RO 5D,

MSTATEGE NIBERATIZEAT CHEE S L, st s T3, T REER: Cryptococeus sp. S-21%, HEKAL
A OREEE L CHBES 2R, 4, BE—NRTZ ¥ =R S N, S5, Fu—ARMI LY 58
BRI RER X Y I —E 70—y = b PR SN2 LIC XY, W RBRMEY Xy HREBLR A
ENTWd,

AWFZETIE, Cryptococcus sp. S-2% fa £ & LC, RIS OMIR 2 LR ICIY HLA T,

I CTIRIEE T ERV T F 24 —€ (HRP) @ Cryptococcus sp. S-2CO#L 2 FBL % 5t L 72 HRP
BRI E (H0,) EBRREDAT A -5 — L OB LIS Z T 2BHETH Y, BERBREIZB W
TZRBIBIZ & KV B D . HRP O 2 FEBUC T 2 W18, 19904 W H & 5755, KGR L EEEEE
Hweigt, ZORBAEIEIFEFITBMNZ EPHERINT WD, RIFFETIE, fHF L LT Cryptococcus sp.
S-2% vy, a From#flt, 5wy 7 FvoRdEll, ¥ 7+ —ETuE -y — & Vo EEEREICL
) HRP OB 2 Ma Lo BatosiR, BARKH 28 A LcEhEe, #BEFHNEICEBETENICELT 5
poly(A) 1l 772 & o C mRNA OGS EPTEILL, RELZ mRNABGRINTWDL I L%
WL, I N OR#ELc &0 SR FNEBICHTES 2 poly (A) I 7 Vsl &, 5E45E D mRNA
PERIND ZERMER L7z 512, NEKWISHFLET 250 7))V & Cryptococcus sp. S-2HIED 2 7
FIVICHER L, CEREGIHEAET 2BIER S 7P Ve bET 5 2 L1055, HRP O3Bl & 13.2651217)
EEEB LTI Lz 512, F2 0 - AZABMISHINT 5 MEEREIZL > T, HRP OFEHEE
EHI27FEMEEEE LT, BEES-)OFEHEELHI0 mg/L FTHLEEEL I EIIHII L, 2D
HEmEIE, INETICHL AR ETHRESNZ LAV LDIEDL0ITEC LX)V TH D, Cryptococcus sp. S-21%
Y R BORMEEBETE L CIEFICENLTYS Z L 2R L 72,

2EETIE, MBENEICHVSNS GDH 25 L LT, ZOBEONIGLUE, 612, KBWE, #EA
Aspergillus oryzae & Cryptococcus sp. S-2T DL 2 ZEHUTHY) #LA 7. GDH (Ui o 7 K o4& JUS L,
HEFERMT 5700, MWEMONEZ17) [HOMENERE] (IOXCHH ST, AifFRTiE, HWHE
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A FES B I E IR IEICEN 72 FAD I 7 v a— A5 Fa 4+ —+ (FAD-GDH) ZlU&E L, 73 /B
BRI XY MWEAMEZ A RS2 2 LRI L 72e KIZ, SZR FAD-GDH % ## CHIIRZ T 5 2 L1
IO NEBEH OB D, ZO/RRE, &5 4% LMWEAMEOR EAALN, & 5612, YR FAD-GDH I,
I N oRELE WY VO, BRI - AORMICE 2EBEREZIZL - T
Cryptococcus sp. S-2CREICHIE 2 BHWHETH L 2 & 2R L 72 F72, 77 EHIE D FAD-GDH |20
WTh, FRROFFE & > T Cryptococcus sp. S-2THIIE 2 SEHWRETH 5 Z & RHERR L 72

53T TIE Cryptococeus sp. S2% FEFMIHH L3 <, E72, WIRMFEOFTRE LTHIRF Wit
EF B2, TN Y —ROYRIZMYHA L BAEMIZIE, v I v~——2 /ey —J—1%
A7 NVREWEL, REEREY - —OBINELE, ku70 BEFHIFEILZEEFY =TT 1 ¥ TR
DI L) BEFHIRZBEL RS IS LTz, SH18, EFEAHLRTWEFE LT S572D12, Cryptococcus
sp. S22 MK AV IC BRI 9 2 M AH 0 A i 2 R S R B RBRORE 21T o 720 AWFFEIC X o T,
Cryptococcus sp. S-2% FESEMIZ D, WIZER G e LTHAH LT WIMAEMICSRE T 5 2 Lk,

DLRIZART X912, RWIRIC L o C, BRMAREESE % Cryptococcus sp. S-2% WV CHIIE Z BB ¥ 5
TeODORMHAM AL, H1E—X7 5 —RO%N, ERFH TR 2 E EOPEAES sz, RUIFEO MK
FIZE o T, BRBEICB W CHEHT 2R ELMEWIC L > TREICHIBZ BB L 2 EFMREE R D,
FRE TR 7, ERRMAMEER AT 2 2 L REL 2 ), KK BROBIHICEMT 2 L E X 5,

F—T— N ERRMAE, B, MR I, HFEEERE, Crptococcus sp. S-2
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3T T, LR, WEOIAIRE SN TVEF I L RAFGRWE & ONFER-R TR 720 O KpE
FERE LT, aFIFHAREHCTH Y U BLOHBEROEM - HAERFELITo 72 BERMXTIE, 71
074 Vabllxt LTy LIRBOERE LMD S, v ERREEAFHIICVER L 72w e
MEZSNTze MAGEBRLE, 7007 1 )b ath 12134V > LR T O 75 7% BB O 5z,
372, Rilavyr vy A, EHNTBALRFRE I Y Y OFERBEMPEY, RROGETIEE, o0
7 4V a/b \ZIIHEER DA B BB BT bz, MK EDIITIE, 4V, MERARORZEIZLD
WAEEE, Sy 7y VA, mAOGETIE, 7u0a 74 VERPAERIAINT L, FERNZERLK
FIEDAH I EF L 7ze 334 2 R 70 3 iR | S R B 2 S B O BE A5 B L 72 THE
OGRS, AR L, SILHMEEE, REEERED, ENRSEEORTICL > TREEr =
AR D D L EZ bNT. EHIZ, vy = b= VIS X ) EINEEOMT IR S, RS O
FEDSIRIR L 72 2 &, BE2EE L [FAARIC, SETHN T CRA T DGR B L 5.2 5 2 L HVRIE
Sz,
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Saline soils (pH < 8.5) and alkaline soils (8.5 < pH < 10.5) are widespread adverse environmental problems
globally, which significantly limit crop production. Swiss chard (Beta vulgaris L. subsp. cicla) is a foliage
vegetable closely related to beets with a large leaf blade, and thicker petiole. This plant is more tolerant to salinity
than other leafy vegetables. However, there are few reports on Swiss chard resistance to salinity, and there is no
information about its alkaline toxicity or alkaline tolerance in this plant. In chapter 1, the differences between
saline soils and alkaline soils, as well as the different effects of salinity and alkalinity on plant growth were
introduced. The objectives of this study were to examine toxic responses of Swiss chard to alkalinity via
comparing the saline and alkaline toxicities in Swiss chard by determining its physiological characteristics, and to

identif parameters that are more suppressed under alkaline conditions than under saline conditions.

In Chapter 2, in order to understand the difference between physiological responses of Swiss chard to salinity
and alkalinity, Swiss chard plants were subjected to 50 mM and 100 mM of salinity (pH 6.5) and alkalinity (pH
9.0), respectively. The data revealed that the plant growth was more seriously inhibited under alkaline conditions
than under saline conditions, because of the more decrease of chlorophyll (Chl) a, Chl b, photosynthetic rate (P,),
water use efficiency (WUE), K* content, and K'/Na" ratio. Among these parameters, decreases of P, and WUE
were in close connection with decreases of Chl and K" contents under alkaline conditions. Therefore, it was

concluded that Chl and K" are limiting factors for the plant growth under alkaline conditions.

Following the serious reduction of Chl content under alkaline conditions. In Chapter 3, the experiment was
conducted to compare the possibility of saline and alkaline tolerance inductions in Swiss chard due to ALA foliar
application (ALA is an essential precursor for biosynthesis of Chl). Twelve-week-old uniform seedlings were
treated with ALA under saline and alkaline conditions. The observed results revealed that Chl content significantly
increased due to ALA foliar application under alkaline conditions; the shoot and root dry weights, RWC, osmotic
potential (OP), K'/Na' ratio, and total N content increased due to ALA foliar application under alkaline conditions,
while these parameters more increased under saline conditions; malondialdehyde (MDA) content significantly
increased under alkaline conditions, but this increase was effectively depressed by ALA foliar application. This
result clearly demonstrated that foliar-applied ALA had the potential to alleviate oxidative damage in alkalinity-
stressed plants. These results suggest that, although ALA foliar application effectively increased Chl content, it
could not completely alleviate oxidative damage caused by osmotic stress and ionic stress, and thus less increase

in alkaline tolerance.
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K is a major inorganic constituent for osmotic potential, ion homeostasis, and enzyme activation in plant
cells. In chapter 2 and chapter 3, it was found that serious K" deficiency in Swiss chard leads to more destructive
effects under alkaline conditions than under saline conditions. In light of this, Chapter 4 was conducted to
investigate the impairments of water uptake, mineral elements, and antioxidant enzyme activities in the plant
caused by alkalinity with or without K" application. The observed results revealed that the absence of K"
somewhat intensified the effect of alkalinity on reducing plant growth, because RWC, K* content, micronutrient
(CI, BO,™, Cu™, Fe*', Mn™, and Zn’") contents, and the activities of catalase (CAT), ascorbate peroxidase (APX),
glutathione reductase (GR), and guaiacol peroxidase (GPX), were more negatively affected under Alkaline-K
treatment than under Alkaline+K treatment. Under Alkaline+K treatment, the GPX activity protected the plant
against the oxidative damage caused by H,0,, and K" application might help the plant by maintaining GPX
activity. Under Alkaline-K treatment, potassium use efficiency (KUE) increased 18 times compared with that of
control, suggesting that the plant can survive under Alkaline-K treatment depending on its efficient use of K"
through saving it for biomass production. After analysis for MDA, and percentage contributions of Na” and K" to
osmotic potential at full turgor, results revealed that oxidative damage was slightly induced, while Na' replaced
K" as the main ion contributing to osmotic potential at full turgor under Alkaline-K treatment. This finding
indicates that cytoplasmic K* content was maintained at a higher level, due to a high proportional substitution of
vacuolar K' by Na', which then markedly increased the KUE, somewhat reduced the oxidative damage caused by

toxic Na'.

In Chapter 5, I concluded that alkalinity is more toxic than salinity, which is attributed mainly to the serious
reductions in Chl and K" contents. ALA foliar application significantly increased Chl content more under alkaline
conditions than under saline conditions. However, plant stress tolerance increased less, and K" content remained
unaltered under alkaline conditions. In light of these observations, it was suggested that enhancement of plant
alkalinity tolerance was consistent with the enhancement of K content in the plant, but not enhancement of Chl
content. The application of K under alkaline conditions showed that K supplementation enhanced the GPX
activity and micronutrient contents, and the plant’s survival under Alkaline-K treatment owes to high KUE, which

is linked to a high proportional substitution of K" by Na'".

Keywords: Alkalinity, Antioxidant enzymes, 5-Aminolevulinic acid, Beta vulgaris, Chlorophyll, Potassium,

Salinity
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In this study Diuron (3-[3,4-dichlorophenyl]-1,1-dimethylurea), Irgarol 1051 (2-[tert-butylamino]-4-
[cyclopropylamino]-6-[methylthio]-1,3,5-triazine) and Fenitrothion (O,0-Dimethyl O-(3-methyl-4-nitrophenyl)
phosphorothioate) were monitored in Kurose River water to assess the contribution of agriculture and urban
activities to river pollution. Diuron, Irgarol 1051 and Fenitrothion were also analysed in marine samples (water,
sediments, plankton and fishes) so as to assess the distribution pattern of these pesticides in Seto Inland Sea.
Lastly, biodegradation and photodegradation of these pesticides was done. Using data in this study and literature
information, the mass distributions of the pesticides in Seto Inland Sea were modelled.

Chapter 1 presents a general overview of pesticide use, contamination and some of the studies that have been
done in Japan. This study mainly aimed at assessing contamination of pesticides in river water and the marine
environment. The use of pesticides in agriculture and the urban environment leads to contamination of surface
water bodies like rivers. The rivers in turn end up contaminating larger surface water bodies. Therefore in this
study water samples were first collected from Kurose River which drains into Seto Inland Sea and Diuron, Irgarol
1051 and Fenitrothion were analysed. Next seawater, sediments, plankton and fishes were analysed to identify the
distribution pattern in marine samples. The persistence of these pesticides was assessed through biodegradation
and photodegradation before using modelling to predict the distribution pattern of the pesticides.

Chapter 2 presents a study that was conducted on the pesticides Diuron, Irgarol 1051 and Fenitrothion in
Kurose River water from January to December, 2013 at six sites (Namitakiji, Tokumasa, Izumi, Ochiai,
Hinotsume and Kurose Bunka Centre) in Higashi Hiroshima City, Japan for a period of one year to assess the
contribution of agriculture and urban activities to pesticide pollution of the river. The maximum pesticide
concentrations were; 4620 ngL™, 50 ngL™" and 370 ngL™ for Diuron, Irgarol 1051 and Fenitrothion, respectively.
While Diuron and Fenitrothion were detected at all sites, Irgarol 1051 was only present at Izumi, a high density
urban and industrial area which also registered the highest concentrations of the pesticides. The pattern showed by
Diuron and Fenitrothion was linked to farming activities. Also, Diuron and Fenitrothion concentration correlated
with pesticide utilization data for Hiroshima Prefecture. Irgarol 1051 showed a different pattern to that of Diuron
and Fenitrothion and its source was attributed to paint. It was noted that 78% and 42% of water samples at Izumi
sampling site exceeded the European Union (EU) guidelines for Diuron and Fenitrothion, respectively.

Chapter 3 presents a study that was conducted in Seto Inland Sea, Japan (2012 to 2013), to assess the
distribution of Diuron, Irgarol 1051 and Fenitrothion among water, sediments and aquatic organisms (plankton,
fish and selected marine animals). The maximum concentrations for Diuron, Irgarol 1051 and Fenitrothion were
2180 ngL™, 1070 ngL™" and 50 ngL" in surface waters, respectively; 60 ngL", 90 ngL™" and 40 ngL" in bottom
waters, respectively; 75 ngg' dry weight (dw), 69 ngg' dw and 51 ngg' dw in sediments, respectively; 2830
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ngg” dw, 2040 ngg” dw and 460 ngg”' dw in plankton, respectively; 4120 ngg”" dw, 3140 ngg”' dw and 480
ngg” dw in fish and selected marine animals, respectively. The highest concentrations of Diuron and Irgarol 1051
were found close to a port and ship building industries, whilst maximum concentrations of Fenitrothion were
detected near river estuaries. The general trend was that of decreasing pesticide concentrations away from the
mouth of rivers flowing into the Seto Inland Sea. Our calculated bioconcentration factors (BCFs) indicate that
plankton, whole fish and selected marine animals samples bio-accumulate antifoulants and pesticides. The
accumulation gradient in fish samples was viscera > liver > gills > fillet. Measured concentrations of both the
antifoulant booster biocide Irgarol 1051 and the insecticide Fenitrothion in both whole fish and marine animals
sampled exceeded the Japanese Maximum Residual Limits (MRLs) as did 21% of foods sampled for Diuron
under dry weight conditions.

Chapter 4 presents research done on the biodegradation and photodegradation of Diuron, Irgarol 1051 and
Fenitrothion in river water and seawater samples. The section also gives data on further research on the pesticides
in river water (Kurose River) and marine samples (water, sediment, plankton and fishes) from Seto Inland Sea,
Japan from 2012 to 2014. Data generated in this study and further information from literature were used to model
the distribution pattern of the pesticides in Seto Inland Sea. The rate of biodegradation was slower than that of
photodegradation. For example in river water, the photodegradation half- lives in days were 2.9, 3.5 and 1.9 for
Diuron, Irgarol 1051 and Fenitrothion, respectively. On the other hand in the same river water the biodegradation
half -lives in days were 1424.8, 1703.1 and 1174.8 for Diuron, Irgarol 1051 and Fenitrothion, respectively. The
pesticides also degraded faster in river water than seawater. The seawater photodegradation half-lives in days
were 43.6, 57.3 and 37.9 for Diuron, Irgarol 1051 and Fenitrothion, respectively. On the other hand the seawater
biodegradation half-lives in days were 2000.4, 2394.3 and 1650.2 for Diuron, Irgarol 1051 and Fenitrothion,
respectively. The main input for Diuron and Irgarol 1051 to Seto Inland Sea is ship bottom paint while
Fenitrothion is mainly from rivers. The pesticides are mainly lost to sediments but the open ocean was found to be
an equally important sink.

Chapter 5 gives a general discussion and summary of the results in this study. Agriculture and urban activities
are contributing to the contamination of Kurose River which is also the case with most rivers worldwide that pass
through high population density areas. The pesticides end up in Seto Inland Sea and are distributed among water,
sediments, plankton and marine organisms. The highest concentrations of these pesticides were in marine
organisms which was an indication of bioconcentration in agreement with information found in literature. The
amounts remaining in water are biodegraded, photodegraded or lost to the open ocean. The major sinks for the

pesticides were found to be sediments and the open ocean.

Key words: Diuron, Irgarol 1051, Fenitrothion, Kurose River, Seto Inland Sea, Modelling
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Polycyclic aromatic hydrocarbons (PAHs) are recognized as ubiquitously distributed class of potent toxic
substances present in the human environment at low concentrations. PAHs are long-lived organic compounds and
originate almost entirely from anthropogenic activities such as traffic and industrial fossil fuel burning, biomass
combustion and agricultural activities. Owing to their ubiquitous distribution and potential carcinogenicity, PAHs
have been widely investigated worldwide. Hazards associated with these compounds are owing to their
hydrophobicity, persistence and bioaccumulation properties of several individual PAHs. Hence the primary goal
of this thesis is to identify and determine particulate PAHs in the aerosol of Kamihaya, Hiki, and Higashi
Hiroshima, Japan. This study was conducted between August 2012 and July 2014. Chapter 1 provides a general
overview on PAHs pollution of atmospheric aerosols, the sources of PAHs in air and briefly describes the
significance of this study. It also provides the insight of PAHs related human and vegetation health effects.

Chapter 2 deals with the survey conducted to analyze particle-associated atmospheric PAHs at a rural site
(Kamihaya) in Tanabe, Wakayama Prefecture, Japan from 2012-2013. Analysis of particulate matter revealed that
total PAHs (£17PAH) ranged from 0.036 to 10.16 ng m™ with an average concentration of 3.20 ng m”. The
highest PAHs concentration of 10.16 ng m™ was observed on September 19, 2012. Significant seasonal variations
in PAHs concentrations were observed, with higher values during winter/spring and lower values in summer/
autumn. This investigation reported high concentration of heavy molecular PAHs compared with low molecular
PAHSs. Trajectories revealed that PAHs in Kamihaya are of domestic origin, mainly from nearby Gobo power
generation plant. Molecular diagnostic ratios and principal component analysis showed that atmospheric PAHs
primarily arose from industrial and traffic emissions, while wood combustion appeared to be a minor source.
Overall, the results of chapter 2 suggest that atmospheric PAHs in Kamihaya are a potential threat to the

underlying vegetation and may cause damage to plants if combined with other air pollutants.

In 2013 — 2014 survey the mean concentrations of £17PAH in the aerosols were 2.43 > 1.63 > 1.18 ng m” at
Higashi Hiroshima, Kamihaya and Hiki, respectively (Chapter 3). The mean X17PAH at all three sites varied
seasonally with the highest concentrations in winter, whereas summer was characterized with lowest PAHs. T-test
found significant seasonal variations of mean X17PAH at Higashi Hiroshima (»<0.01) and Hiki (p<0.05), while at
Kamihaya variations were non-significant. High molecular weight (5-6-ring) PAHs are dominant at Kamihaya and
Higashi Hiroshima, while 4-ring PAHs in Hiki. The temporal PAHs have been almost constant over the last 15
years in the aerosols of Higashi Hiroshima. However, BaP concentration reported in this study is lower than the

previous investigations.

The influence of meteorological parameters on particulate PAH was observed in the aerosols of Kamihaya,
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Hiki, and Higashi Hiroshima. It was found that ambient air temperature is the most significant meteorological
parameter controlling the atmospheric PAHs. Statistically significant high correlation was found between £17PAH
concentrations and ambient air temperature at Higashi Hiroshima. The correlation between mean X17PAH and air
temperature was statistically significant and moderate in the aerosols of Kamihaya and Hiki. At Hiki southerly
winds were found one of the important meteorological parameters acting as PAHs regulating force. There was no
significant correlation of solar irradiance, rainfall and humidity with £17PAH at all three sampling sites.
Trajectories analyses suggested that the PAHs from domestic sources (Gobo power generation) play an important
role specifically in Kamihaya, and Hiki in general. Whereas, in Higashi Hiroshima PAHs from other East Asian
countries play important role to increase the local pollution level. Based on PCA results it was concluded that
PAHs emission is mainly from vehicular and industrial emissions. The other emission sources are domestic
heating/cooking and biomass combustion. The lifetime lungs cancer risk (ILCR) was estimated at Hiki and
Higashi Hiroshima, which was found with in the health-based guidelines of European Union by WHO (107),
however one order higher than US EPA guidelines (10°). The PAH at both residential sites pose a moderate lung

cancer risk to the residents of these areas.

Chapter 4 deals with general discussion, concludes the whole study, and suggests the future work. This study
deduces that traffic and industry are the significant PAHs emission sources. In Kamihaya and Hiki PAHs are
mainly from domestic sources, while in Higashi Hiroshima long-range transport of atmospheric PAHs is
important. This study investigated the importance of meteorological parameters in regulation of atmospheric
PAHSs in underlying study areas. Ambient air temperature and wind direction were the important meteorological
factors in controlling the atmospheric PAHs in study areas. Our study will provide the basic information on status
of atmospheric PAHs for future detailed studies on PAHs in relation with vegetation and human health. This thesis
recommends developing the atmospheric PAHs inventories for Japan to fully understand their spatial distribution.
This chapter also discusses the atmospheric PAH pollution preventions strategies. It also suggests legislations for
PAH emissions from different sources and provision of guidelines of PAHs in different environmental matrices.

The investigation of gaseous PAHs is needed to completely understand the status of atmospheric PAHs.

Key words: polycyclic aromatic hydrocarbons, remote and suburban areas, atmosphere, risk assessment
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