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Ecological Studies of Macrofauna on a Sandy Beach
of Hakodate, Japan

II. On the distribution of peracarids and the factors
influencing their distribution

Yukiyoshi Kamrarra*

Abstract

This paper deals with the horizontal and vertical distributions of peracarids
and the factors affecting their distribution on the intertidal zone at the open
sandy coast of Hakodate. According to the field observations from September,
1970 to November, 1972, two patterns of horizontal distribution were generally
recognized. The first type was the density gradient of the animal population
running parallel to beach lines. The second, the peracarids, expanded into the
offshore in reverse-triangular form corresponding to the formation of a minute
section of the topography on shore. These two distribution patterns were mainly
affected by wave actions, tidal changes, and the wvariations in the minute
topography. On the other hand, the vertical distribution in the sands was in-
fluenced by the biological characteristics of the species, such as the ability to
burrow into the sands and tolerate the dry condition.
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R E N O BE R
BIROMREL 2 - 1Bz, BRETORFRKRLHFINIK Thm ORIRT, < EHRERILER
HHLR (335m) & T ABMIUE, BEEEBRESERDMOEMCIIRL, BEEERICE L 1 BRikE
BTh5 (M), iTHH»LEAREI TOER, RTERHTY B3m T ¥/ MEZ 0T, BiR
Widih> 5 B3 % - LiRBREERIKBT 5, 2B, KHRE ChBBEET 20 H1» 6 HcE?
BEARR, ERCRBERREOBRATED 5, 3, FEUETHRERKOBIMROFEIT,
ORI OBREBALGLEL C, BEEIANRKOEE? bRT 2 EBMbR TV S,

Hokkaido

Omori beach

500m

Beach profile

Fig. 1. Location of sampling stations of macrofauna on sandy beach of Hakodate,
Hokkaido.
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PREoRhicAERT 57 s v 2 CHOREIRE, ABEOEBMI RS xF v oMo 288
DY 75 —CEED, Lher 4o REBL TEHDCFREZCECESHOBNET -2 ¥
F5—130%6.4cm, BIH 10em D ADEBFRAL 2, OV F 5 ~9 L XOPEIIT, YK
TO7 7 v vEOERREEL YL 75— 51 b ORHREREGEERL b icBehRe & 2 BEL I
LT, BENEEAEEOHEICHEYIKRYAITH S VI TFHAEOEEVEBLINT:,, 8O
B RFAL, KEKEPENDEREL TO0.25mm ©HEDHIKED 3 & W 5BHBED
BHEERV I, COFETREHODH > OMMEIRIZ 959% LALiTET 5,

FA B 2BAHORR Z#EITS 2 7201, FIbK COWKEE, ERORRM, WHBAR
BRI ORRREC OV T ERR To 12, BIUKTOWKEEDORECIE, MEN FI3xF7 5 2§
OXKE % A, —EIERERE kT 5 DIBE S TARBP B LI 20E/Mb, 1HH12HD0
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WHIRRE L U TRDLU T, REHHMBERCEBATS L 30, ZORERHTIBIREL T30
2, 79RF 9 JROHEIT 6 BONKEICHET S LT BRERHEBEL 1. ChiT 3BT
WHIL oW (2~1mm, 1~0.5mm, 0.5mm BATF) Z#ARTHY, K/NNRKECEC LT 4~10
EEFOAR, SBEBREBAL, BILL HZITHHORZ2ROKRY, 4R CEHMOEA T
ZUBERENT, TORRE, s USHEBORECHT 2 BRESINIL, FIUOREPL S
AP EEEER IR, BRESTVEEOEEC S ELWVEAEMBEINITHS 5 LV SRE
WD ADTh 5, 515, B3O REE Claikl BREMT 3 &, ZOMAEDEBREATS
CEVHBRRBEINIOTEEDEBEIIK 20D L 5 2iE2 LT s BT oEEL LB L -, BE
~OBARERZRNZ 1201, M30X 5 2ARKEZREL T TSI 3 EEOHETIRE,
BAEHRL (M9), W rDRECENTH» 5 THL b4 ik e2EL, EEO KEE leam g T
BU I 15%icikeREL 15°C OfERBFCEEL, 12 BHRICEIBEBA TSRS ZHEL
720 BEMRITHT AWMEIC DV T, WRPEO Iy « ~VIRED 2 ANERBT CERERETOE
R ZREL 1203, HCROHER Bific BEheshic X % EMRES2EA TH, HEELILL
ZoNBERE U (Chi2, CORETI 7 ORERREMZEL T & & HBice T 382 RS
TOEWSHEREBECLUIZEDTH B),

g & 7
BIMCHIT BN ST YUAROBREORRiciE, 7oz eEIZ 12805 5HETO6HMA

medium sand, $8RXK: coarse sand,

m: very coarse sand.
Fig. 2

Fig. 2. Arrangment of different size grains in experimental water tank. (As peracardis
hide into the substratum near the wall when the animals touch the water tank,
the sand’s arrangment is needed to examine the size selection ability of the substratum
by the animals.)

Fig. 3. Equipment for observed animals’s burrowing position. Various size sand were
vertically arranged in water tank, and sea water was poured into the vessel from the
right tube. (After 1 minute, the water was taken away from left tube, and the equip-
ment kept up at 15°C incubater. After 12 hours, burrowing animal’s position was
observed. Vertical arrangment of the sands in this figure corresponds to Fig. 9V).
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B HBL 2 E DB FRAETHON T ADT, BEIX 1970 £ 6 Bd 5 19728 11 BIT3IE
b 2 HEMOEA A 1EYD, A5 1512, COBIREEINTIERZI ROLEB O T
b5
MALACOSTRACA #XE
Peracarida 7 /7 mw=v FH
Mysidacea 7 i B
Archaeomysis kokuboi Ii 2 7R 6 Hv 73
Isopoda MR
Excirolana japonica (Thielemann) b A X+ %Y ny
Amphipoda ¥Rl B
Orchestia platensis Kisyer & A< pE Ly
O. ochotensis Brandt #FF /= ¥ ay
Haustorioides japonicus Kamihia 2 & /Yy vazy
LOSLEFEFCHALIZEDIX, 2/ RAIU T - e AXF RV AL BIXFI Y vazy
DIMWT, L ANTPE AL EFFNT M 2L 02, EEICEHBIRAEOTRERE T B { DBIEADS
BEINTIIITT Y0,

1 EMBOKFHSH #HEES L B TH~OH MO, WEBRTD SN AMMH, ©—
FARTOREBHLNIGFR L, JRITL 5 DROBRELD S L BHIBHHR I N TEE T T % b
OHELBDY, MER6E, BEF2TEASIN, MO 2ER, 2ho OREIRD - T BITHER
DB {DThoTc, LO2EDITHORR ESMOAENFEIZBEL, Z2RFNI190EIH L
0 AiRRRINI, T2b5, I FORERCITHII BEELH WI0mDETAHD (K
4), E~FARFOMIE Tm, M3 IMm DL TBCALN, BEBHEOEIIN 10m Tholz, UH
PRI I0RD 6 FE 3BT COBBHC I A PO i RESHLER DR 5EIEET, #2270

1

Distance (m)
S

-]

~

b.l.: beach lines, b.c.: beach cusps.

®

o s s :
Fig. 4 Fig. 5

Fig. 4. Beach condition of investigation area. A: dry sand, B: slightly wet sand, C:
wet sand, D: sea water-covered a sand. Arabic numerals show the distance from
embankment.

Fig. 5. Horizontal distribution of peracarids on intertidal zone in September, 1970.
Circular size shows the animal numbers per sampler (30 cm? in the base area, with
10 cm in height).
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HROMIRED & CEBL T, 277, 35 RIFEMEI Y, DYBEMCENT 5008 i e
IO BmDECBETHZ, COLHSHAOMMER 1 Bifi LT, 1m F>OZMBESS 81 #
RTITaV, M5y 75 —bic b ORBREMEEETRU 1205, Spiz#Ad» 5 8m FOBPF T
BRUDTHEL, B »X7OMEL2EAET3HE=ZARICHHL, BoEelibhsnthics
{HRU T, BB 225 ER6A, B, COLIRZB, #7379V axeidiTH oissl
WTE LV ENT A HERELHML, 32X L0073 R HECHOETIZD 25 31T —IC
DU, CHERFBIE, 2273 2o B3iTHRE YFHLERIO N X 7O BARBEL T,
HETRIPEDMIELHUN, 28, e AN AV EXANT b AV REEBHET 18R
1BETOBEINTOATH S (K40 6e,6i DHIE),

10 A DFRERITIR 4 2 7OV A 5N T, 882 1lm L TRE D THERL EEEEMED 15
m ITHEEINT (A7), AEBEII UnmHEATRIEL, RKOTI3mMAETH S L L biT, iT
BMICET2RRRACVEEMMTH 2 LPEHIN 2, BENIE > ¢ 2 Y vax e BEEI £
LEABED 98% 2 Y, I I/XLAVT T ELARFHY ALiE 1% TOT, ZOHBER I F A
TdhH o126
2. BYHOBENSH BDHOLSEEORECE, BERPOUNLERALIIRF WYL S5~

o - ° 15
O O o o O ° ° o E
- O 2
5 oo | QO 1
) o L eXOXeIOIOICIOKL
 be 1 - ° o ° o . ° (o] 412
N b,
. - A i ° 1"
410m
' ’ ' ' L 1 i 1 1 L 1 A L
o O +« o 0O 183
° ° ° ° . ° O 412 ﬁ
o o e 0o o 11 8
Fig. 7. Horizontal distribution of peracarids in
October, 1970. Circular size shows animal

ﬁ r 1 numbers per sampler.

° 3
° 412
o . 6 o0 o . An Fig. 6. Abundance of three peracards in September,
1970. A: Haustorioides japonicus, B: Archaeo-
o 10 mysis kokubot, C: Excirolana japonica.
\\\ ° [ -] . ° 49
e O e " 1 m
L . c
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BRGSO, BOEBEERI L 3B BAL NI, BEKZENZODOT, LT TR1971
ETRRT->BERNE2H TS, AEYEIIS - AR (HEL, THRIZEREL Y 22m {50
ETBREEL T, 19m 25 25m TTCRE X2 F 5V A%, 23mbhbd 29m TR AIRAHLT
FEF IV VAZEPERELTNT, KENIIZ1970F 9 ARO LS4 L FUEmZRL Tz, t
ARFEY bhUPBATOIEESIE, 20~25m OBMFTOPRS (pd 285, So 1,433, Sk 0.955) &HE)
(rd 860, So1,540, Sk0.964) DEI TTH 72 (H8)o WEHROEN M FED BARER HE
U, BEMMRRD 3ERD 1 ORZ T3 ENI Wb, +32 Y van ek gL
B T IHAIL 25m R TCEER 1.5cm, $7229m TO0.5cm DEITH h, & SRFPET, R
BELSHERDY 6 72 % 30~31m TIRAESBRBEINIL o1, COBOBARED fHE & 3 LERDRL
EEHR EMDENH B EEALNG, IR ATL T I DBARER 0.5~1cm TR IR LW
UEDX 57572 EOEESIL, JicB12 9 BEDOKEHRAHD & i HcBHBic Bz
hicc e BEEIN S,

0AMOBELF I /I VAL sR LN 7 i OEBEEIEL, lan STOBEEOCR
WEL DFWBRICBEINT, e AXF K ) 2V FIF L ZORBA TV HEIRKEEDT, #
FHIGE N E LA TIRRPPEL L.5em 2T, MITHEL O 5 23 EHRE TR 0.5em D E L
A3 TCCREIN, EESMIEARNICIZI AR LFL LElFahI,

o~ NN =0

—
o O W

3

22 23

Fig. 8. Occurrence depth of two sandy beach animals. a: Excirolana japonica, = :
Haustorioides japonicus. Both animals were limited by the texture of the sand, but
the former was stronger than the latter in burrowing ability.

EHRERIC LB HMORE

1. EEE 72 o HORRGKENL, MHBOFE LB CHEZERE b0 Ly
BFABEOKELSBL NI, LOSMOREZHED 3 120 OB lKkT TO WikEEDER T,
AIRLBET7 243 6.2440.37cm/sec T, b ARFFY LT 16.4543.38cm/sec, FULT F 8
7Y vaxyit 11.50%0.80 cm/sec T HoTce OED D £FEERIZ, 2 h Fi148mg
58.3mg, 13.1mg Th %, ¥~ F B XS/ PERINSRLIz & 2 OITH_ RIFHOMEE L, FEHE 50cm
T 1.95+0.26m/sec, 1m T 3.08+0.56m/sec Th - T, LD XDEOT 2 NF~12, BpOEE
BEVE L BOHACERSES CEESHER A (Bilh 7. 3cm, il 4. 6cm, EE 128.5
@ REWIIEX, 2ORZZNFN0.5m, L.70m BEIS B 23R BERTMOMEIT b HELS
N, 7 nzCBEOWREKIIBHLIIE 2DEONCHUAS D TRZVTEBHAL &L 5T,
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2. EEOERY BHROBRDEOHRER, ITRBETKE (b -T2 h, 10T
BEPET 2T o PEBMOE BT, HRTRTHHET 2 & Rbh 5092, YFEH SO
EVIBNEEET Y, ZOEEERFEON TRENEH TR EEEFETHO L AEROMED SN,
BEBATORMREBYEM DS54 L EETBENS 5 L R INT TOMETHBINTHELET
P He1210, L ORBEUEEEEEBRL TV 5 EE 2 BER - M - TR0 3 B MBRSL,
77uxt SBEEOMBEOBIRM 2HERL I, ERICBEUIIERE IFRELZ CCHBATHIHE
EEOEICII BELEIRZDLNT (IR 2B 7 & Fp=0.300<Fido.0s), & ARF&KY &
U1 Fo=1,904<Filo.os) 7 /Y VIZE: Fo=0.019<Fido.057), BHMEN b2 LOKERIT
Litd{, bfdhite x2F %Y A2 3BHAD L b P2 AR S bbhizicd ¥, (R
1)e BLED 1 20EBRBEL Y, BRIHODTICER T2 7 7 oI BBz L 2 ITHEHFV S
FTEHL 3BT I bR BT onBH2 I ¥ 3n3d, BLEGETS T TiREDZ 4V

Table 1. Eaxperimental results of substratum size selection by three
peracarids. (Arabic numerals correspond with Fig. 2)

A. kokuboi E. japonica H. japonicus
V. C. M. V.‘ C. [ M. V. C. M.
10 8 6 9 11 10 20 17 23
9 7 8 8 14 8 23 14 23
I 6 9 9 8 12 10 17 23 20
7 9 6 10 10 10 16 20 24
8 6 9 8 10 12 20 20 20
7 7 10 9 9 12 22 11 27
7 8 9 7 11 19 17 15 28
i 13 6 5 10 6 14 25 16 19
8 10 6 12 7 11 23 15 23
7 8 9 10 8 18 23 14 23
5 9 10 8 9 13 19 23 18
6 7 11 11 9 10 23 20 17
I 8 9 7 11 9 10 16 30 14
8 9 7 7 | 13 10 18 32 10
6 8 10 1 13 6 18 28 14
115 120 122 139 151 160 299 298 303

V: very coarse sand, C: coarse sand, M: medium sand.

F—DPOLE - HAT, FCEBREOBRRZ T BAL O LHEBEINI,

3. BAFE a/Fanv7 LRBKAIORHRESE (MBS CRBELL, EXXFRT A
vREPBELTEY, F 129 v axvBERUIBLIIEEZZL THOTEBE~D BALHEE
Z2OEECLRNDEDLN, I3/ F AL T LRERCETCERIEI Y, WERTDRHAST
RLESELUTHRRZEDBANELIDTHEEES, ChitHLTe 22 FkY a2 & ri YV
TR R OB R B D TEE S DAL, b XA RFRY AP ELRE R IED AMF L 0
Y Vo 3EEE Y 2RERmICHL TRARERCE» L AR AV CREESR 35 L0 5E:
Bhotio FEBRTAIRL AV 7 LR EDHERTS lom I TOREITEATHIZOIHL, ¢
2AZFHY ALid 0,.25~0.50mm ORI CRAED 5em OER T TILH 809% 5 5EL TV, 25
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I T T v Vv VI VI VI X X

Fig. 9. Burrowing depth of Excirolana japonica in various experimental sand layers. The
sand stratifications show the schema of vertical section that was observed in intertidal
zone. Movement was very often limited by boundary layers.

CREABNZ 5 TH 2, UL ULEEVRENCELIN TS E, BEBEOBUAEDBAZ LI
UEREIE U T 2 REBUBREINT: (FEBREH 72%, K9). 7279 Vax it EHRI~V O
0.25-0.50mm DRI TIE 2em D FEA T THEHALD, 0.5~2mm DEPRITIRERE FIAL T L5
cm FTEAL Tz,

4. EETYE BAREERENAIERTR, BELNTL Y ORKHOERZEEI BV E NI,
—ERBBROBBRBCLIELIEa s R A 707 34, FhICF I 7Y vaz e BBEL Tz, B
DOEFNMZRTFIRE 20 TN IO T, CORRPWRTOBBAORED BB Xs D EEA,
BT 2R A, 3EE MRETRSHATELBE TR ERETETL M (%2), B
FIRFF o AEOBANI IR LN T 1M 5 & /L, ROTHERZENY EFROBEDE
Ve ARFEY AVH, FLUTHESECESR B CHEL TOEF 2 9V aze bk bEkic
O ENSEENEL NI, BOERTE X255 20 BELBEL TORNDR, 5 bEEBICH
VIO F 2 ) Vv azEeBINEETL T DR, BB REGTICE DAL C &5 TAKE
DELL H ZMBKREFAL THrDi, BERIELBICLUTASIhr o) LHEEINT,

Table 2. The survival time at various air temperatures of three peracarids. The
survival time has become shorter with increase in temperature.

Temperature (°C) ‘ A. kokubot B. japonica H. japonicus
10 105+15 min. 120430 120430
15 90+15 10615 10530
20 7515 7515 90115
25 6015 6015 90+15
30 . 45+15 50+10 T5£15
E E

E—=F A XIHBHEINS & 2O L LT BEOBEHE R, SO LKE TORKICHE~T 12
R ETH D, LOBDEDIANY ~RBKBELLZIBEIICIIND 517, ABERDE
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DTPICEHIBDERICH B LY, TR ZOELCEBATOIIDVERCBHIRINE L E
Abd, THLETREIGEORIOVEIEEELIET 2L Z2DOHREETCEALSLN, J/n2D
EROPEE T 2 BRI, BERNERTED LN S CHETC—RBZEIN S RERECIRE
HIRTHEWDT, BOBENEI TOEECEBATIIOLEALNS,

ERCES CEMSEIC L b EBEII RSN S T i, WMDYk 1971 £ 8 H i i
31 B850 PP TH S (R3). UHOTHIRIX TR 354, Wl 128 354> Th b I
ERITET ZRIPNE L 251N T, BEINTEEBIZHE»CHENL 72, ChidsBRysEOoR
{ENIZBOBYEMHC L 2BORKE LRI 3HERI3DTH Y, HXPHERINZ L2
BLOEORI T L bIMMIRBETILLE2TTTH S5, 2B, DERBATOIEHBED
IH5RL TEREREL, BET30020 Tk 0 HL TV, FD R v/ NFH 4
Chion dysoni OWIB ANBE 2HEL, CORBDTH L LFHTORITLHFR 3 EOES =BT
ZLEREBBDTHBHEEATV S, TR 72 uxeFON~F L T Ay Tylos gra-
nulatus L e 7> W = v¥ &Y Talorchestia brito 13, FTOFMWEEESICETOBEIL, FEHERIC
52 BRI ORIL X b ET AR OBRERFVEREE 3O L 2HEL T 5,

Table 3. Animal number in sampler collecied at the survey point and
wave frequency with time elapsed.

Time of observation Wave frequency* Animal numbers**
10:20-10:25 6 7
10:50-16:556 4 8
11:20-11:25 10 20
11:50-11:56 11 81
12:20-12:25 12 130
12:50-12:85 12 145

* reached to survey point.
** collected by sampler just after each time at survey point.

FNHOEYOAE 2HRETAER LT, HBROMS, Bi¥zL CTEEOHERIECEE O
EZDRBHD, 7y axvEOHHICOWTIDRERR - FEYRL EORERT L B EEL
T3 EWSBEND b1, I A rERRN2EEIRIIFREID 51D, & 5 TYUHEER
HOBERC I X FOERIN TV E 30RO X i3, HARCETCEY T RAEEES L
THEEINTZOT, WEKPHMB CLL LSS 2 bRy 27 7 v iz, EORIMBMIZIT—
Bl E AR T SRELKRESH 2 5T e BEE I, UL, HFR3EIEREEL
S AREVD L DB LEL SO THME CEEE, ZOoPHETERE V5 1970 48 10 B i@
gahksz (A7), TRCETTRD BB L D EOD ZEMH 2 b - HKBEAIAELGZ 27
LOLEMINI, —F, WRATHERINTS & AOHOE X IIEML 5 h, BARCERICE
AR THRERT L LT, BT2HUBEL 2 20080RC B- T, Zhiz i
F—2HRLUTIT 2D, P S 3TokER o> TIkEE D, Vol ALLT 3 E 205 RITE
REHOEEIZY 2R, RIS (BEERD) B2B- THOF R, 2O0R8LKIIKERE
DOFRICH BKBITEY, CDOLETAKOEERRILEER 8807, 2L THITL 3 EOME
TRRERIED LN TOEE, COIDEMOI b, BRI IZAFOBRINTHINVEEZD
&5, BIRESTICGEELZEY D %2 D bOOEOHREITHITH & 5 TRICEENKE L,
BOEL CREBOMENHRSBAMEIEIN, INERETCLTIKOKEZFEEDCTDERVE)
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g HPARHIR L, BN L - TREVSERBERE I THUERSCE b T b BEIR X X2
(3N, ZORORZDOEETCEMSIRRL IS 5128 &, B0 1 8IKi2 C OAM ERO BILios
UBEL ANTCRMERFC L 0RINTEEBLONS, UL, EhEINI 0D Be 22 F
Y LURECDTEE DAL L0 L o THBICIRA T, BAHDB NI R AN T2 E F 8
JYVazeR, RETHOERE L BCEBEUILID EEE 3N, COLEEarsRapL T :
EF Y VA OBENUEVIERE RO TRHEEICHERL T b &, ROSNERD 8
826 bRMNIONG, TubL, asFrhe 7 I ORMEBIFKTICTIN, EE~DEAR
BORIE2HRED S ORBCH b, ZOWAFTERIBHRL 12 & 5 10l 2 ST~ TR T &L BN
B 7Y VAT EOWHKEHROBENET, RENIEHCHE Y KB 25 EEE 20O%R
U, KICL > TEENTL 2MEHA S CEHB—RRYTH 5, COL > BRIFERITEE
BAEDMEE Bathyporeia spp. THEENTNE19, —F, & 2 X5 %Y L OFRMETEENT B L
BBLATIN, FEREECREINRTHAY), Hb I RC R 2RO 28 ) 4T
TRENPTO LV TREINTEIY, L bELEIOTHA » T BBOTLICHETAE
Emﬁ%mmbﬁénétmﬁﬁ%m&b,@63&@@8?ﬁt;5&%Rﬁﬁw%ménnt%
Zbhs,

BEDT &, BURMMHCAERT S 72 o2 e HOKTRNMIL, BOWBYT TS & C
BREVD, CHRBHBORES S SEEL T b, BEMMRCREMESOTE L 2 hichk
SEEANDOEAET, REOTHRRR, WREHE L V5 X5 S AMEEEES LT Bk L T3 &2
BUI,

| B

RSO EBI 2 5 OB E % B 1 RIS H L e 5 B B
Y Do ILMETRIAERL CEOREED - 12 AHLEE A ER B A < LB L L
Bo AMTSEIHMRERPIMAROBIR L O 2 INT, CCREBLTEHE®ET 3,
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