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MEREE IR IS T L b R AR E Lo L, R (s, E5) D2
BT, R, BRI EOBUNEE, B TIN5 T, EDHR LT
RTOPMITET BN BT 5 Z Enmbind (A 1993, FH4E 1996, 2000, FAB
& 1A 1996, Zouhiri ez al. 1998, KA 2000, AT 2000, D & Al 2000), F7=, DAEIC
BWTIIAKREGROEINGLE Y, KEHLE L TOMERE < b mbhTng (M3
1993, FH4 1996, 2000), L72>L723 HITHFEOHDIITE LU, B HIRA L TL D HEHE
KIZKDKEHR 2 ERFIRT, BRO XS Th o KFBZRBERITREL, BET Ny
FIRONRBE MRS 72 > T LE STV D OB AR 220 (MJF 1996, il 2000),
W RS AR BT DA ORI M R OFBRIL, £ IR STV D AERBROMIE &
BEREZ R 2 E TR R TH D | RSSO RIBDEl Sh 54 BBV TIEH
ThdLEZALND,

ALHERE R AN I3 SO 0 IR IS D 7o > TSI TV D, JEREIHIZ BV TE
EIZDT VAThOI - TR A X - THRE S 72alkl K 0 20 )8 38 F D5l (Amphipoda).,
78 9FEDT I$H (Mysidacea), 5 J& 5 FiD 7 ~$H (Cumacea), 5 & 5 FEOEME (Isopoda),
4 JBEO+HEE (Decapoda), 4 J&DEEHEE (Copepoda)Z 1L U O EFE (Ostracoda), EZAENY
(Chaetognatha), /%A (Gastropoda), Hlfu®Eh4) (Cnidaria), #R/EEIH) (Nemathelminthes), &
EJH (Oligochaeta), % E%FH (Polychaeta), fff (Pisces) 72 EM[FEIE S 4L, FEEHCTEEER4E
PR STV D Z ERVREN TS (Vallet H RHER), 27 Th, BEIRRME
RELNZXT LT SN 772% % 5T D (Yamada et al., 2007), 7 2 JEIIAES 0> S8~
YT bl BHDENET M T A F RN B A2 B L TR - T D MR IEEY
Th D LRI D (Mauchline 1980), 727> T PAS/KIKICHWTCIE, 7IICL RN
T N OBEREICEEL KFTZ ERER I TS (e.g. Murtaugh 1981, Siegfried
1982, Wooldridge and Webb 1988, Hanazato 1990, Chigbu and Sibley 1994, Aaser et al. 1995),

e T JHIFALEE RIS T, 3~ A (Eliginus grocilis), /~% /N5 (Arctoscopus



Jjaponicus), T 7 A F A (Hexagrammos steller), A 2 7\7 .7 (Blepsias cirrhosus), 7
(Opisthocentrus cellatus)7? £ & & S E /2O FERHEL L 72> TR Y | MNICHBLIT 5 32
FHROMEOFENEWIZIL, 7 IHENFHERT B% 52 HDTND 2 EnHESNTND
(Watanabe et al., 1995), A% 16 42 EE 2 0 - BIFEN AR A e A2 i B EE D — B8R & L
TITONT RO RO S (1L, 2005: AL 16 4 EE F ISR 5 Bh i BOJF 7t
) EREHNICART 2 100mm LLEICKE T 2 A RBO LD T, 7 U D
¥ 71 Myoxocephalus brandti (Steindachner, 1867), A& 7 2 ¥ 7R Pholidapus dybowskii
(Steindachner, 1880), % %% > 7~ Pholis crassispina (Temminck and Schlegel, 1845)® 3 ff 73
WNOREFIHAD 9 FILL L& HOTWZZ LGS TWD (ILHE 2006),

VEZ VA VHITHERMNGHRIELE LTS, BATHE T, AGREDIRFIROE 5O
BSICAERLTRY, AE3SemIZEICRET D 2L mMbNs (15, 1996), —J7 T,
LT XN, X RNTREMNRETIT RS, By (R ICBW T LT LIEER
EINDHZEPRESNTEY, "NEX v N Th DR & HEHZ72BAf% (association) A L T
WD ENHBND, DB (199) 1325 3 A ED L EFAMICHBET 5 MET < To
HNEYREZITO, BIEICE > T6 7 —TICHHEEND Z L ZRBEL TS, — 5T,
NSRBI RICE DR VWEEEZELIED Z LRI Sem BRE DR E I ThHIL,
FEIZ 000 2 EU LT BMEEZ R 2 & bE ST D (K - gape size (KPR O &
R (L 5, 1996),

JEFIC N T, fETh 2 —kIHEE & fBRIIFHE, BT L - THRIICE(LT 5 (Bl
(E, 1L, 2005: PRk 16 42 BE 2T 7S b O e i 3, JE & 2005, 1L 5 2005, Yamada
etal., 2007), —RIEEE ThiUE, FEHIMN L KIBZECITET LT FAERY OENZ L - T
KR ENENT D &2 (IUE 2006, Yamada et al., 2007), BUFEZE 7> 5K DN
AT DM AN EFE & IZEREEROZF LWE (BB I3AEMHICEbE b6
7EA9, Tb—RHEH OFEME, EWEORFZERZTNZE iro T, —RIHEE &1
ETHRBEONMVEMEL LT LB 2 OND, SOILERMNICERT I LY v
e LTOMEOFES ARG OBNMICEELZ L5222 R TRINDL, ZNOHEEH
TR - FEAEMWIER Z T 2720121, —RIEEE OAMMHOE R A, AfE
DA R TORM ORI & R m R a2 S S, BBERICEHME T 2 LB 08 &
Do

AEE TR, BREWICE ST 2600 3 ., S E7 V09N, 2nTUoXUR, ¥
TRVROEERFREOMRR L . REER (KY A4 X) (& b5 BIEDOEIZONTHE
T 5, £72, fiTH DL IRIHEFH B ORFZEIN A B3 X OVMERIGOFENME ST 5 3
ROAEYERLELBMOEICEZ HHBIONWTELT S, B, I THL —KHELD
IR DO RFZE MR A BIR U OV TR (1H, 2005: Rk 16 4252 A 2eEE b i BO A 78 i
), MEERBICHMNT 20 ESRET D (@3 : LLT Yamada et al., submitted & L CH|
e
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BRAE T, EHIN 4 78 A KOS @ 2 7E IV T (Yamada et al., submitted 2 /), 2006
7 H~12007 4 3 HICARESICATON ., BRETS S 40 on, @ﬁnm%ﬁm&wwm@
T Xy MMV, x> FORMEREIX3 5L L. GPS (Global positioning system) (Z
S TRk SN Ry FOBA, BT R & REEEREA K od 7=,

O AVTZEEE, $6 LUV 2004-2005 [ZERE SRR | BEEFE 3 A FE, FHR L. &
EROEY A XERNE LT, A XD T ABEEGA AL, A XTI TANLT &
DR L, BRAREIC AW,

BNAEYOFEEITARIZE 5T 1-10 BERE TR L7z, M8 L 72— RIEEF L, [FE,
A EIT o T21% . KSHEIZ OV T point method % HWTOEHNEMIZ EHD S HEKE [Volume
FEYE (%) DR & 4T - 7= (Hynes, 1950; Hyslop, 1980), £7-. HHNAEIZH LA MEIKIZS
WTIEERY A XERE LT, MEOMAIC L 0 HE L RREOEE O 2R E2HET 512
X, AT oEdsEZfH L7= (Yamada et al., unpublished),

Heptacarpus grebnitzkii: TBL = 2.760 CL + 8.921 (R2 =0.8056, N=161)
Pandalopsis pacifica: TBL =2.962 CL + 13.293 (R* =0.8680, N = 113)
Crangon sp.: TBL =4.095 CL +4.798 (R2 =0.9654, N=42),

Acanthomysis shrenckii: Telson L =0.163 TBL + 0.0556 (R>=0.6531, N=117)

ZZ T, TBL ¥4k, CL IZFEHE., TL FEHREZRLTWD, ZoRIFRICE Y| EBEE
ST BR O EEER DR R OFHM 23 AT RIS 72 5

T2, BNERICBWC, T3, TOMOFFZFEOWREROER /T2, LvL,
FRDBRE T O, AREETITHET S,

[ 5 & B
1. EEFE3IFEE ST, KA X LIRS A X ORI D2 7 5472 (Fig. 1)
2. 3 FEOEMT DY A XLERY A XOEREER LI 2 A, 3 FITRERICHENRR D
YA REAE L CWh DA RSN (Fig 2), 202 LiX 3 FEONEFWIN CIIET
TLHEEBOOE DG LIV,
3. RRIZKHT DY A XOEIGOZEEIE, 3@WT£@OTWﬁ(Eg$o;@ &
FEOBATIE N Ble > TWDH Z L &R LTV, BRHIC
O EFZYV DT ARY A X & Y A T — Eﬁﬁot6@3®o;® bl s
W%kk%ﬂk@@@@ﬁ%ﬁﬁb\%¢%Lﬁ@%ﬁofmé;t@m%énéo
@ 2T UXUR AR A XLV A XOMEIFEINT 5 (Fig. 3b), 2D Z LiX
R E & B IR ATREZR BT A X ORI L, #fx 2 A AR BEE T 5 2 &



TR 2T > TN D Z EARIBE LD,

@ XK AR A X LI A KB RIT R 6~ 7 (Fig 3c), 2D Z &
X, Z R URPEOEERREOCEIBEEZ AL TS I E 2R L TN D,

@ O~@D & 5 ICHEAEIE N RIS Z L TIMOIFENATREL o TV HDMNE LU
VAR

4. vETZVHVHPEEDOR 5%DKE SOMEEHTLIOICHL, LArT XK, ¥
TR URIFR 2% DKRE SOFEE LTz (Fig 4), ZDZ EiE, gape A Xk
S TV A ZOEBRE SN TND ZEPRBEN, YA XORB_ZTEITI A D=
RLDOEDEEZBND,

5. F S OMBBEEN S - L bENo7e (Fig 5), 2O Z LiE, 3FEICE - T, FEAEM
ORI RO EIG NN OB E LTRSS TWAS Z EEZREBL TV S,

6. WHERETR S &, 3TV A XEICE-> TREMEEZ L SE TV (Fig 5), ThED,
ZOEACITHAMEIX A b e o iz,

7. Yamada et al., (submitted)Z & & 12, —RIHEH 2 A LGEAETHB LRI IC L
Te& 2 A, B A R THEET 28N 2 LT 2@ mn Ao/ (Fig 6), 20
ZEE3EPHIN—T RN ST E LTINS I EEREL TV,

8. AR &AL T AMRERE OB ST OV T e ¥y Mallf &2 4T - 75 5 3 FEIT 5 722 5 )
Zor L7z (Fig. 7). HARMICIE
O EZVATH ARV A XL, =, fEAEET 2RE8ENT 2,

Q@ L2u T XU NS A XTI A T RSN O T I FHEEE L TV A 0K
RV, EOEOREICEET S I 2= L ESCSEHEA BT L9107k 5,
JiLELS, TIHITIEDERY A XTBWTHEERMEIE 2o TND,

@ HZA7XR PN A KRN O T AT A8, BRI, R0 3E
DOREZEET DI aEH, UV Lh T8, FHEAEET2 X520 fUkic
D EFRET IFAE LR,

@ O~QIE 3N HFEZ BT DL FERE L EZZ DN D,

9. FERICIBOTERES L 3 FOFANBWAMAL (VD FEE) Db, 7 ¥R
TEEOFEIC L > TRMENREFE LI ZERDL—FHFT, Y27V AT ELvT TR
I LW LIZR 6o T2, 2O Z Bld, FRCH 7 X R ITHEEL L @ association
NHRWNZ & TR Z B3 TV D Z LRI END (Fig 8).

BRI BT 2 —RIH B E T REEIL. FHCERICEDH (2R - AW - FE
RR) MMNEALT B EHRIT, O SIS T T O ABIZE - TAEYFE S BRI A L
T 52 ENRIRIOREZEND I LI ZED TR R 5 20T/ > 7 (Yamada et al.,
submitted), — 7 THIHD B NEWIZFREOBEMITFRD bR oTe, 2D &%, 3 D
FENEENAOBEN Z BT TWAZ EERBLTERY, AR ERTH A X5



il & )& L7y (Fig. 5),

bz EnSERCE ST 205 3 X, B, 1 Xogxbif, iy r—7
DERGTEHFINATO 2T 3 FIIHFLERLZLTWAZ ERRB Iz, 202 &
X, 3FENEEICAERT D R EEOFEOAEMEEZ AT AL MElET5 L
IZR o T, MR, AR, —RIEEE . ALV O IRREEBE ) b @k R B B~ D
T M U, R R OMEFFIC EE 2R EI 2 R LT D Z EREEnD (BA
JIl 2006 H&M), WETEBICL > THIHia PO EBRENCIEEST L L, H T NERL
TWD—REBHFOREST NV—TNE LT 5 EE 2 b, BRMARERNELT S
Ll AICELLND,

Stk HEREZ ORI AT T D, BEERENTEHT L L5 ekBlcR oo & &
ED XD IR ER CRESRENIRE SN0 EBENERICE > THATHZ L TR iEMA
BHO BT OENRH LR 57259,
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Fig. 1. Predator size - prey size scatter diagrams for three dominat predatory fishes in Akkeshi-ka
estuary. Each symbaol represents a single prey consumed by a predator. Regression lines indicate
antogenetic changes in prey size consumed with increasing predator size for all prey combined,
dashed lines: minimum and maximum prey size, and continuous lines: mean prey sizes.
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Table 7.
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Abstract

Temporal and spatial variation of the macrofaunal community was investigated in seagrass
meadows in Akkeshi-ko estuary and coastal area of Akkeshi Bay, northern Japan. We specifically
addressed the question of how the salinity gradient in seagrass meadows affects the species richness,
abundance and similarity of faunal groups classified based on the degree of association with the
seagrasses, i.e. highly motile species that drift in the water column among seagrass blades
(drift-fauna, DF group) and less motile species that are tightly associated with seagrass substrates
(seagrass-associated fauna, S4 group). A total of 70 species were collected semi-quantitatively using
an epibenthic sledge, among which more than one third of the species were captured in all areas, and
a quarter of species only in the marine area. Significant spatial variation in species richness, as well
as a positive relationship between salinity and species richness was found for most sampling
occasions and for both functional groups. Whereas, relationship between salinity and abundance of
macrofauna was not clear although significant time and site interactions were found for both
functional groups. Patterns of similarity of assemblages varied between the functional groups: clear
differences by sampling sites were discerned for DF group but not for SA group. These results
provided evidence that the macrofaunal community structures in seagrass beds varied with the salinity gradient,
but the pattern differed with time and between functional groups, possibly due to the effect of biotic and abiotic
factors that also changed with salinity.

Introduction factors have been ascribed to be responsible for

Seagrass generally enhances the the observed variation in epifauna associated to
faunal diversity by increasing habitat seagrass beds, including abiotic factors such as
complexity, providing living space and shelter salinity (Edgar & Barrett, 2002), depth (Gambi
for a great variety of animal species (Lewis, et al, 1992), periodic anoxia (Diaz &
1987; Edgar et al., 1994; Jernakoff et al., 1996). Rosenberg, 1995) and biotic factors such as
However, the degree to which seagrass species  composition and  morphological
contributes to enhanced faunal abundance and variation (Nakaoka et al., 2001) as well as
diversity varies among sites and studies competition and predator-prey interactions

(Hemminga & Duarte, 2000). Numerous among animals (Orth et al., 1984; Edgar &
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Aoki, 1993).

Seagrass beds develop in coastal
areas of broad environmental gradients, and are
often subjected to strong environmental
fluctuations, especially of salinity. A temperate

seagrass, Zostera marina, grows within a

salinity range of 5-42 (van Katwijk et al., 1999).

Salinity gradient, i.e. spatial variation in
average and temporal fluctuation in salinity, has
been thought to play an important role in
the of the
macrofaunal community in estuaries (e.g., Day,
1981; Williams et al., 1990; Smith & Witman,
1999). Lower salinity generally lead to less
species
abundance (e.g., Remane & Schlieper, 1971;
Montagna & Kalke, 1992; Mannino &
Montagna, 1997; Ysebaert et al., 1998; 2003).

Most of these studies were conducted at

determining composition

diversity and higher individual

unvegetated sand flat and mud bottom areas,
whereas fewer studies have investigated the
effects of
community in seagrass meadows (Montague &
Ley, 1993; Schlacher & Wooldridge, 1996;
Edgar & Barrett, 2002).

Although a greater variety of benthic

salinity gradient on faunal

species inhabit seagrass meadows (Kikuchi,
1966; Hemminga & Duarte, 2000), their
association degree with seagrass varies among
species and taxonomic groups. For example,
some amphipods such as Caprella spp. and
Ampithoe spp. firmly attach to seagrass blades,
whereas motile species such as mysids and
shrimps mostly drift in the spaces between
seagrass shoots and only occasionally attach to
seagrass blades. The effect of salinity and other
environmental variables within seagrass meadows
may operate differently in the presence of a different
macrofaunal association degree or motile ability,
leading to a different community structure.
This  study
and spatial

aims at examining
of the
salinity

gradient in a seagrass meadow from the inner

temporal variations

macrofaunal community along a
part of the estuary to the sea coast of
Akkeshi-ko estuary and Akkeshi Bay, located
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on the eastern coast of Hokkaido, Japan. We
examined how univariate and multivariate
variables representing abundance, diversity and
of
community vary with different salinity levels.

between-site  similarity macrofaunal
The patterns of variation were compared
species with different seagrass

association degree, i.e. between highly motile

between

species that mostly drift water column among
seagrass blades (drift-fauna, DF group) and less
motile species that are tightly associated with
seagrass substrates (seagrass-associated fauna,
SA group).

Materials and Methods
Study area

Akkeshi-ko estuary is located in the
eastern part of Hokkaido, northern Japan (Fig.
1). It is connected to Akkeshi Bay by a narrow
channel (ca. 500 m wide). The south of
Akkeshi Bay is open to the Pacific Ocean. The
surface area of the estuary and Akkeshi Bay is
32 and 110 ki’, respectively. Water depth in
the most part of Akkeshi-ko estuary is between
0.8-1.7 m (lizumi et al., 1995; Yamada et al.,
2007), with a maximum of 10 m near the
channel. Three rivers (Bekanbeushi, Tokitai and
Tobai Rivers) flow into the estuary.
Bekanbeushi River has the largest catchment
area, accounting for 98.8 % of the total outfall
to Akkeshi-ko estuary. Its average daily outfall
accounting for 5.8 % of total volume of the
Akkeshi-ko estuary (lizumi et al., 1995). The
flow input from Bekanbeushi River varied from
34 m’ s (flood tide) to 42 m’ s (ebb tide) in
May and from 6 m’s™ to 13 m’ s in October
(Hasegawa, 2006).

A major part of Akkeshi-ko estuary is
covered with two species of Zostera seagrasses;
Zostera marina covers a wide range of subtidal
area and Z. japonica occurs at the intertidal
zones of the estuary, except for unvegetated
bottoms near of the channel (deepest area in
Akkeshi-ko estuary: mean 5.4 m, Yamada et al.,
2007), the mouth of Bekanbeushi River flowing,
and cultivation ground for clam (Ruditapes



philippinarum) and oyster (Crassostera gigas)
that occur scattered in shallow areas of
Akkeshi-ko estuary (Kasim & Mukai, 2006).
Three seagrass species
Akkeshi Bay. Zostera asiatica, an endemic

occur in
species to Japan and Korea, is dominant,
occurring from the intertidal zone to the
deepest edge (5 m below MLW) of the subtidal
parts of seagrass bed (Watanabe et al., 2005).
Distribution of Z marina and the surfgrass
Phyllospadix iwatensis is restricted to the
shallower edge of the bed (intertidal zone to <2
m deep); they occur in small patches on sandy
and rocky substrata, respectively (Hamamoto &
Mukai, 1999; Hasegawa et al., 2005; Watanabe
et al., 2005; Sasil-Orbita & Mukai, 2006).

In the present study, six stations
were established for the temporal collection of
macrofauna. Stn. A was mainly covered by the
muddy bottom (with a depth of 0.8 m) near the
mouth of Bekanbeushi River. This station was
unvegetated although a few patches of Z
marina (1-4 shoot/patch) have been observed
occasionally (Yamada, K. & N. Hasegawa,
We  nevertheless
included this station in the present study

personal  observation).
because some motile species such as mysid and
shrimp were observed to occur abundantly here
(Yamada et al., 2007). Stns. B, C and D were
located in Z. marina beds; near the river mouth
(Stn. B, with the depth of 0.9 m), in the center
(Stn. C, 1.5 m) and in the southern part of the
estuary (Stn. D, 1.1 m). Stns. E and F were
located in the seagrass beds at Akkeshi Bay,
near the channel connecting the estuary and
Akkeshi Bay (Stn. E, with the depth of 1.7 m)
and along the northern coast at ca. 6 km in
distance from the estuary (Stn. F, 2.0 m). The
sites within Akkeshi-ko estuary (Stns. A-D) and
Stn. E in Akkeshi Bay were the same as those
described by lizumi et al. (1995), Oshima et al.
(1999), Hasegawa (2006) and Yamada et al.
(2007); Stn. F by Hamamoto & Mukai (1999),
Watanabe et al. (2005) and Sasil-Orbita &
Mukai (2006).

Monthly mean aboveground
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biomass of Z. marina collected in the same
period with this study varied between 28-135 g
DW m™ at Stn. B, 75-242 g DW m? at Stn. C
and 99-200 g DW m? at Stn. D (Hasegawa,
2006; Hasegawa et al., 2007). Monthly average
biomass of Z. marina and Z. asiatica at Stn. F
varied between 182-470 g DW m and 234-903
g DW m?, respectively (cf. Watanabe et al.,
2005). Seagrass biomass at Stn. E was not
although  the
abundance of Z. marina and Z. asiatica was

measured  quantitatively
similar to that at Stn. F (Nakaoka, M., personal
observation).

Salinity at the six stations was
measured in June 2004, the same period with
this study, at every 0.5 m above the bottom by T-S
meter (ACT2-D, Alec. Elec. Co.). Such snapshot
samplings of salinity may not represent actual
salinity gradient of these sites because salinity
is subject to change widely with tide and
sporadic inflow of river water after heavy rain.
We therefore collected previous data on salinity
from all available sources that have been
measured in June, September and November of
1993, 1997, 2001 and 2005 (lizumi et al., 1995;
Watanabe et al., 2005; Yamada et al., 2007;
Tanaka et al., unpublished).

Sampling procedure

The macrofauna sampling in the
water column was carried out at three temporal
terms in 2004 (spring: 8-12 June; summer: 2-6
September; autumn: 18-22 November) but not in
winter because the estuary was covered by ice. In
the study areas, at each sampling campaign, three
replicates were collected using an epibenthic
sledge (40 cm height, 60 cm width, 500 pm
mesh). The sledge was towed horizontally for
40 m distance (ca. 3 min, 0.5-1.0 ms™). Actual
distance of each tow was measured using a
GPS plotter (JLU-128, JRC). Great care was
paid when towing the sledge so that it did not
overturn, and that the net was not clogged by
seagrass leaves and other debris. Although the
epibenthic sledge collects macrofauna with
large amount of seagrass leaves it does not



contain all seagrass in the towing area (cf.
McNeill & Bell, 1992). the
macrofaunal sampling is not totally quantitative

Therefore,

but rather regarded as semi-quantitative, with
macrofaunal species associated tightly with
seagrass  (i.e, SA  group)  possibly
underestimated.

On the whole, 54 samples were
collected during the daytime at mid tide in
order to minimize the effect of tidal flow.
Samples were preserved in 10 % formalin
seawater. In the laboratory, samples were
washed and seagrass leaves were removed.
They were then carefully washed again using 1
mm sieves to remove other debris. Thus, the
abundance of macrofauna smaller than 1 mm in
size may possibly be underestimated. Collected
macrofauna was first classified to 6 taxonomic
groups (shrimp, gastropod, amphipod, isopod,
tanaid and mysid), and then to species. The
number of individuals were counted for each
species. Polychaetes were also captured in
some samples although data of polychaetes
were not used in the present study because they
were not identified to species due to very small
size (consisting only of juveniles).

Macrofaunal grouping

Identified macrofaunal species were
categorized into two groups, drift-faunal group
(DF) and seagrass-associated group (S4). DF
consisted of highly motile species that mostly
drift in the water column among seagrasses and
rarely attached to seagrass blades, whereas SA
is a group of epifauna firmly attached to
seagrass substrates. The classification of each
species to the two groups was carried out based
on available information on behavior of each
taxon. All mysid and shrimp species were
classified to DF according to references
(Mauchline, 1980; Miyake, 1982). Detailed
information for behavior of each species
occurred in this study area were referred also
by Murano (1963), Zelickman (1974), Ohtsuka
et al. (1995) and Yamada et al. (2007) for the
mysids and Yamashita and Hayashi (1984),
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Mukai (1990), Komai (1999) and Tayasu et al.
(1999) for the shrimps.

Almost all amphipod species were
categorized according to Sawamura (2000) who
investigated the microhabitat and feeding type
of all faunal species captured in a surfgrass
(Phyllospadix  iwatensis) bed
Hokkaido. (2000)
gammarid species (ca. 100 species) into 11
groups
epifaunal, infaunal, interstitial, pelagic, phreatic,
periphytic, streams and terrestrial). In this study,
24 species of gammarid described by
Sawamura (2000) were collected that belonged
to the 11 groups. All species in the epi-infaunal,

in  western
Sawamura categorized

(borer, commensal, epi-infaunal,

epifaunal and periphytic groups were first
classified to S4 group, except for some
gammarid amphipods such as Pontogeneia
rostrata and Corophium spp. that have been
reported empirically less firmly attached to
seagrass blades (e.g., Crawford, 1937; Pelegri
et al.,, 1994; Yu et al., 1999; Saigusa et al.,
2000). All caprellid species (9 species)
categorized into periphytic groups by
Sawamura (2000) were classified to S4 group.
The functional grouping of some species that were
not described in Sawamura (2000) or identified to
the species level (but genus level) was made by
information on the congeneric species given in
Sawamura (2000).

All isopod and tanaid species were
classified into S4 group referred by Mukai
(1971), Oishi & Saigusa (1999), Saigusa et al.
(2000), and Nakaoka (2003). Three gastropod
species classified into SA group according to
Toyohara et al. (1999) (for Lirularia iridescens)
(2004) (for Lacuna
decorata and L. uchidai). For other species

and Kanamori et al.
without literature information about association

with seagrass blades (isopod: Paranthura

japonica and Idotea sp., and gastropod:
Barleeia  angustata,  Temanella  turrita,
Batillaria multiformis, Reticunassa

acutidentatus, R. fratercula hypolia, Retusa sp.
and Margarites pilsbryi), we examined their
habitat requirement by observations in an



indoor aquarium tank. Several leaves of Z
marina collected from Akkeshi-ko estuary were
planted in a tank (13 1) with running seawater,
and a number of >10 individuals of each
species were added. Individual position (either
on seagrass leaves or at other sites) was then
In all
of each species

observed with a hour frequency.
examinations, individuals
revealed either of the two alternative behaviors;
to stay exclusively on seagrass leaves or on
other substrata. The former species was

classified to S4 group and the latter to DF
group.

Data analysis

Spatial and temporal variation in
species richness and abundance of total
macrofauna and two groups of fauna (S4 and
DF) were compared by two-way ANOVA using
sampling time and site as fixed factors. To
reduce heterogeneous variance associated with
positive correlation between mean and standard
deviation, abundance data were log (x+1)
transformed prior to the analysis. When a
significant interaction between time and site
was detected, multiple comparisons of means
among sites was conducted for each time
separately by Tukey’s test using the mean
square of residuals of the original two-way
ANOVA (Day & Quinn, 1989; Quinn &
Keough, 2002).

Spatial and temporal similarities on the
whole macrofauna and between the two functional
groups were graphically depicted using
non-metric multi-dimensional scaling (MDS)
and the ordination method (Clarke & Gorley,
2001; Clarke & Warwick, 2001) using the
software PRIMER-E (ver. 5; Plymouth Marine
Laboratory, UK). Abundance values and the
presence/absence of each macrofaunal species
were used, respectively. The similarity matrix
obtained from the abundance values was calculated
by the Bray-Curtis index with double
square-root-transformed (N 1/4) data, as
recommended by Faith et al. (1987) and Clarke
(1993). To test temporal and spatial variation in
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assemblage structure, two-way analysis of
similarities (ANOSIM; Clarke, 1993) was then
undertaken using sampling time and site as
factors (Clarke & Warwick, 2001).

Correlation between salinity matrix and
similarity matrix was tested using the Mantel
test for each season and for each functional
group. Salinity matrices were constructed using
the absolute difference in average salinity
between a pair of stations as each element (i.e.,

a; = |S;

—5;|, where s; was the average
salinity at site 7). The Mantel test was carried
out using the observed Pearson correlation
coefficient as a test statistic against a
permutation distribution generated by 720
iterations of data (exact permutation
distribution for 6 x 6 matrices). The calculation
was carried out using software ‘zt’ (Bonnet &
Van de Peer, 2002).

Results
Variation in salinity

Salinity observed at several
occasions between 1993 and 2005 did not
deviate greatly when compared for each station
and season (Table 1). It was slightly higher at Stns.
E and F than at Stns. C and D in the middle part of
the estuary. Salinity changes in the stations close to
the river outfall (Stns. A and B) displayed also high
temporal variations (Table 1). Therefore, sites
with lower average salinity were subjected to
greater fluctuation.

Diversity of macrofauna
A total of 70 species was collected
at Akkeshi-ko estuary and Akkeshi Bay in three
seasons of 2004 (Table 2). The mean annual
species richness for total macrofauna was 14.6
m? (+ 1.8 SD). Annual average of species
richness in DF group (9.2 m? + 1.2 SD) was
higher than SA group (5.4 m” + 1.2 SD).
Occurrence patterns of each species
were summarized by grouping six stations to
three areas (mouth of river; Stns. A and B,
center of estuary; Stns. C and D, and marine;
Stns. E and F). A number as high as one third of



species was captured in all the areas (35.7 %)
whereas a quarter was recorded in the marine
area (25.7 %). Species whose distribution was
restricted to the river mouth (Stns. A and B:
2.9 %), and to Akkeshi-ko estuary (Stns. A, B,
C and D: 7.1 %) were very few. This
occurrence pattern was similar for both S4 and
DF groups.

Spatial and temporal variation in
species richness, as well as interactions
between time and station were significant
except for the spatial variation in DF group
(Table 3). In all seasons, the lowest species
richness was observed in the unvegetated site
(Stn. A) in the two faunal groups (Fig. 2).
Between spring and summer, species richness
in Akkeshi Bay (Stns. E and F) was higher than
or similar to that in seagrass sites in the estuary
(Stns. C and D) for both macrofaunal groups. In
autumn, species richness was lower at Stn. F
than Stns. C and D for DF group, whereas it

was similar at all stations for SA4 group (Fig. 2).

Abundance of macrofauna

A total of 222,015 individuals
was collected at Akkeshi-ko estuary and
Akkeshi Bay in three temporal terms of 2004. A
gastropod, Barleeia angustata, was most
abundant (Table 2). Two mysid species
(Neomysis awatschensis and N. mirabilis) and
two amphipod species (Pontogeneia rostrata
and Caprella mutica) also occurred abundantly.
These five species accounted for more than
90% of the total macrofaunal density.

The annual mean abundance in
total macrofauna, DF and SA4 group was 4,111
inds. m?, 2,238 inds. m” and 1,874 inds. m”,
respectively. Variation in abundance among
three replicates samples was generally lower in
DF group than in S4 group.

Spatial and temporal variation in
abundance, and interaction between time and
site were significant for the two groups (Table
3). In all sampling occasions, patterns in spatial
abundance much different
between DF group and SA group (Fig. 3). For

variation was
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DF group, abundance tended to be higher at
Stns. A and B than the other sites in spring, and
it was higher at Stns. B-D than Stns. A, E and F
in summer. In autumn, abundance at Stns. A
and E was significantly lower than other
stations. For SA group, patterns of spatial
variation differed among seasons, although
maximum abundance was observed at Stn. B in
all seasons.

Similarity in macrofaunal composition
the
abundance and presence/absence data were

Variations in similarity using
significant both among sampling occasions and
among sites for the two faunal (DF and SA4)
groups, whereas the global R among sites was
higher than among sampling times (Table 4).
MDS plots showed different similarity
patterns among the faunal groups and between
the two data

presence/absence data) (Fig. 4). MDS plots of

sets (abundance data and
the abundance data for DF group showed clear
separation by sites. In contrast, a plot for S4
group showed greater overlaps among sites.
The presence/absence MDS plot was similar to
that by abundance data for DF group although
some sites were less clearly separated from
each other (e.g., between Stns. C and E of total
macrofauna, and between Stns. A and B of DF
group) (Fig. 4). The S4 group plot differed
greatly from DF group because of a higher
overlaps among sites. Regardless of data types
groups,
unvegetated site (Stn. A) differed greatly from

and faunal faunal similarity at
other seagrass meadow sites in all the analyses
except for the presence/absence data for DF
group where position of Stn. A overlaps greatly
with that of Stn. B.

A significant negative relationship was
detected between the similarity matrix (based
on abundance data) and the salinity differences
among pairs of six areas for SA group in
summer, and for DF group in autumn (Table 5).
For the similarity matrix based on the

presence/absence data, significant negative



correlation with salinity difference was found
for both animal groups in autumn (Table 5).

Discussion
Macrofaunal community structure in
seagrass meadows of Akkeshi-ko estuary and
Akkeshi Bay wvaried greatly among sites.
Variation in salinity was related with some
variables representing abundance and species
richness of macrofauna, and their similarity
among sites. However, the patterns of spatial
variation in the macrofaunal community, as
well as the degree of relatedness with salinity
differed among sampling occasions, and among
functional groups of organisms classified by its
degree of association with seagrass substrates.
These findings suggest that the salinity gradient
plays an important role in the observed
variation of the macrofaunal community
structure in the seagrass meadows, but that its
effects are complex, depending on other
confounding factors and types of animals.
Species richness generally decreased with
salinity in most faunal groups and in most
occasions. Similar findings were reported in
other estuarine systems where the number of
macrofaunal species was correlated with
salinity (Montagna & Kalke, 1992; Schlacher
& Wooldridge, 1996; Mannino & Montagna,
1997; Edgar et al., 1999; Ysebaert et al., 2003).
In earlier studies, variation in macrofaunal
species composition in estuary system was
discussed in relation to osmoregularity capacity,
i.e., marine, brackish and freshwater species. It
has been considered that high correlation
between number of macrofaunal species and
salinity is caused by the replacement of these
groups (Remane, 1934; Remane & Schlieper,
1971). Whereas more recent studies argued that
specific brackish water fauna do not exit, and
that the salinity gradient in species richness is
caused by the fact that fewer marine species
can inhabit in lower salinities (Barnes, 1989;
Hutchings, 1999). In the present study, few
species were considered as freshwater or
brackish species species

and increasing
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richness of marine species toward the outer bay
contributed to the observed relationships. In
addition, MDS plots using the presence/absence
data were less clearly separated by sites
compared to those using abundance data,
indicating that spatial variation of community
structure of macrofauna may be caused by that
of relative abundance among species rather
than spatial replacement of the species.

In contrast to species richness, effects of
the salinity gradient on abundance was not
clear in most faunal groups. In addition,
patterns of spatial variation changed with
sampling occasions. Most notably in summer,
abundance in seagrass meadows of Akkeshi-ko
estuary (Stns. B-D) was much greater than the
unvegetated area (Stn. A) and seagrass beds in
marine area (Akkeshi Bay). This contradicts
with the general tendency observed in the
previous studies that found a trend from lower
faunal abundance in upper estuaries areas to
higher abundance in the more downstream
areas (Schaffner et al., 1987, Montagna &
Kalke, 1992; Dauer, 1993; Montague & Ley,
1993; Ysebaert et al., 1998; 2003). These
studies have discussed that transported food
and nutrients by river input stimulate primary
production and  consequently  enhance
abundance, biomass and production of faunal
species in more euhaline areas of the estuaries
(e.g., Nixon et al., 1986; Montagna & Yoon,
1991; Heip et al., 1995). In the case of our
study area, primary productivity in summer is
greater in seagrass beds than unvegetated areas
in Akkeshi-ko estuary (Hasegawa et al., 2007;
Hasegawa, N., unpublished). Productivity is
also considered to be greater in Akkeshi-ko
estuary than in Akkeshi Bay in summer due to
higher summer water temperature and greater
organic and inorganic input from rivers that are
trapped in Akkeshi-ko estuaries (Oshima et al.,
1999). Such factors can contribute to the
enhanced abundance of macrofauna in summer
in vegetated areas in Akkeshi-ko estuary. In fact,
a population study on the mysid species
(belonging to DF group) has revealed that



dominant species like Neomysis awatschensis
and N. mirabilis undergo repeated reproduction
in Akkeshi-ko during summer months, and that
N. into Akkeshi-ko
estuary from Akkeshi Bay in summer (Yamada

czerniawskii migrates
et al., 2007). Such reproductive and migratory
behaviors of the dominant species lead to the
enhanced abundance of DF group. In spring
and autumn, however, the effects of seagrass
vegetation are not so pronounced due to the low
temperature (ca. < 12 °C) and small shoot size,
and dominant macrofaunal species do not
undergo reproduction during these seasons.
Such combined effects of abiotic and biotic
factors have resulted in complex time vs. site
interactions in macrofaunal abundance.

One of the important findings in the
present study is that patterns of spatial variation
in diversity, abundance and similarity varied
between the two functional groups that have
different degrees of association with seagrass.
Most notably, patterns of similarity varied
greatly, as shown by more overlaps in sites in

MDS plots for SA group compared to DF group.

These results indicate that the effect of salinity
gradient and other related factors operate
differently on the two types of macrofauna.
Species belonging to DF group can migrate
more easily than S4 group according to
environmental factors such salinity gradient
and other biological factors such as competition
and predators. For example, three mysid
species (N. awatschensis, N. mirabilis and N.
czerniawskii) which are dominant species of
DF group have different tolerances to salinity,
and the population of each species change
seasonally with different dispersal pattern
between Akkeshi-ko estuary and Akkeshi Bay
(Yamada et al., 2007). A grass shrimp, P
lativostris has low salinity tolerance, with a
lower survivorship at salinities below 20 (Chiba
et al., 2004), which may explain their absence
in the upper part of Akkeshi-ko estuary (Stns. A
and B). On the other hand, large overlaps in
MDS plots for SA group indicate that species
belonging to this group did not specialize to
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different in estuarine
environments. It is likely that only species with

inhabit

requirements
a tolerance to low
Akkeshi-ko although
species-by-species habitat
requirement and life history traits are necessary

salinity can
estuary
examination for

to test this possibility.

Comparison between Stn. A (unvegetated
site) and Stn. B (in seagrass meadow) provides
the of seagrass
vegetation on macrofaunal community because

information on effects
these two sites were subjected to similar
environmental conditions at the river mouth. In
abundance was lower at the
and MDS plots at the
unvegetated site were far away from the other

most cases,
unvegetated site,

vegetated stations for both faunal groups except
for the presence/absence data of DF group.
This finding is consistent with those in previous
studies showing higher diversity of macrofauna
in seagrass meadows (Lewis, 1987; Edgar et al.,
1994; Jernakoff et al., 1996; Hemminga &
Duarte, 2000). We
between the two sites were more pronounced

expected differences

for SA group that was more associated with
seagrass than DF group. The difference in
abundance was much greater for S4 group as
expected. However, species richness did not
vary significantly for both groups between the
two sites. This agrees with the general findings
that most epifauna in seagrass beds exhibit little
host specificity on seagrasses (Jernakoff et al.,
1996; Hemminga & Duarte, 2000; Nakaoka,
2005). Some dominant species in SA group
such as Caprella mutica and Temanella turrita
were commonly found in other substrate types
such as Sargassum beds and rocky bottoms in
Akkeshi-ko estuary and Akkeshi Bay (Yamada,
K. & M. Nakaoka, personal observation).

In conclusion, the present study
demonstrated that macrofaunal community
structures in seagrass beds varied with the
salinity gradient of the Akkeshi-ko estuary and
adjacent Akkeshi Bay, and that the pattern of
spatial variation differed among seasons, and
between functional groups of animals with



different degree of dependence on seagrass
substrates. However, it remains unknown if the
observed variation along salinity gradient was
due to direct effects of salinity, or other
biotic/abiotic factors such as the variation in
seagrass food
predation intensity that can also change with

biomass, availability and

salinity. Concurrent monitoring of these

unexamined factors as well as experimental
analyses  carefully  manipulating  these
confounding factors are the next step toward

the understanding the underlying mechanisms

causing the variation in  macrofaunal
community in seagrass meadows along salinity
gradient.
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Fig. 1. Study sites at Akkeshi-ko estuary (Stns. A-D) and Akkeshi Bay (Stns. E and F). Shaded areas
indicate vegetation cover of the three Zostera species.
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Fig. 2. Spatial and temporal variation in species richness of two functional groups (drift-faunal group
and seagrass-associated group) in Akkeshi-ko estuary and Akkeshi Bay. Bars indicate SD of the
three replicated samples. Different letters denote a pair of sites with significant differences detected
using Tukey post-hoc comparisons.
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Fig. 3. Spatial and temporal variation in abundance of two functional groups (drift-faunal group and

seagrass-associated group) in Akkeshi-ko estuary and Akkeshi Bay. Bars indicate 0.5 SD of

the three replicated samples. Different letters denote a pair of sites with significant

differences detected by Tukey post-hoc comparisons.
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Fig. 4. Results of MDS plots showing similarity of community structure in different sites (Stns. A-F)
and seasons (sp.; spring, su.; summer and au.; autumn) for each faunal group (drift-faunal
group and seagrass-associated group). Bray-Curtis similarities were calculated based on
double-square root of abundance (4bn.) and the presence/absence of each taxon (P/A4) for the

analysis.
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Table 1. Mean, median values and standard deviation of salinity recorded from 1993 to 2005 at each station of Akkeshi-ko estuary and
Akkeshi Bay in each season. Averaged salinity (Bold type) for each season and site was used for analysis of this study due to

reducing possible biases of data taken at abnormal conditions.

Stations
Season Year References
A B C D E F
Spring 1993 7.7 25.2 24.5 20.4 26.7 - lizumi et al. (1995)*
1997 18.6 27.9 27.0 26.3 29.5 31.8 Yamada et al. (2007)"
2001 - - - - - 24.0 Watanabe et al. (2005)°
2004 22.7 25.0 26.8 24.5 27.4 28.9 This study”
2005 - 27.1 29.0 27.0 29.4 - Tanaka et al. (unpubl.)®
Average 16.3 26.3 26.8 24.5 28.3 28.2
Median 17.5 26.3 26.8 24.5 28.3 28.6
SD 7.8 1.4 1.8 3.0 1.4 3.9
Summer 1993 2.0 11.8 22.8 23.1 25.2 - lizumi et al. (1995)*
1997 10.3 12.7 29.1 26.0 26.9 30.9 Yamada et al. (2007)"
2001 - - - - - 30.7 Watanabe et al. (2005)°
2005 - 20.9 29.1 26.0 31.0 - Tanaka et al. (unpubl.)
Average 6.2 15.1 27.0 25.0 27.7 30.8
Median 6.2 13.9 28.0 25.5 27.3 30.8
SD 5.9 5.0 3.7 1.7 3.0 0.1
Autumn 1993 26.3 23.5 26.8 25.1 29.3 - lizumi et al. (1995)*
1997 83 20.8 29.0 27.9 29.2 32.9 Yamada et al. (2007)"
2001 - - - - - 33.0 Watanabe et al. (2005)°
2005 16.6 - 28.2 29.9 322 32.9 Tanaka et al. (unpubl.)’
Average 13.6 19.8 27.6 26.0 28.7 32.2
Median 15.1 20.8 27.9 26.9 29.2 32.9
SD 9.0 1.9 1.2 2.4 1.8 <0.1
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tom and surface during the daytime by T-S meter.

b

C

At every 0.5 m above the bottom during the daytime by T-S meter.

At 0.3 m above the bottom in during several days

Table 2. Occurrence pattern of a total of 70 species among regions in Akkeshi-ko estuary and Akkeshi Bay.

by Alec. COMPACT-CT (every 1-10 min.)

Average Spatial
Faunal

Species Rank abundance Proportion occurrence

(inds. m?) (%) ope B CDE
Amphipoda
Pontogeneia rostrata 4 369.07 8.99 DF + + + +
Caprella mutica 5 121.60 2.96 SA4 + + +
Ampithoe lacertosa 8 34.53 0.84 SA4 + + +
Grandidierella japonica 9 30.93 0.75 DF + + + +
Corophium acherusicum 10 26.49 0.65 DF + + + +
Ischyrocerus anguipes 13 14.89 0.36 SA4 + +
Caprella penantis (S type) 14 14.61 0.36 SA4 + +
Pleustes panopla 17 12.36 0.30 SA4 + + +
Photis reinhardi 18 8.41 0.20 DF + +
Caprella gigantochir 19 7.78 0.19 SA4 + +
Aoroides columbiae 20 7.04 0.17 SA4 + + +
Ampithoe sp. 21 5.49 0.13 SA4 + + + +
Eogammarus sp. 22 4.61 0.11 DF +
Corphium sp. 24 3.51 0.09 DF + + +
Hyale sp. 27 2.10 0.05 SA4 + + +
Caprella kroyeri 28 1.98 0.05 SA4 +
Grandidierella sp. 29 1.48 0.04 DF +
Metaphoxus sp. 31 1.42 0.03 DF +
Synchelidium lenorstalum 33 1.08 0.03 DF + + +
Aoroides sp. 1 34 1.04 0.03 SA4 + +
Aoroides longimerus 35 0.93 0.02 SA4 +
Metopa sp. 37 0.71 0.02 SA4 + + +
Caprella scaura 38 0.71 0.02 SA4 +
Orchomene sp. 40 0.52 0.01 DF + +
Caprella laeviuscula 41 0.44 0.01 SA4
Caprella polyacantha 42 0.36 0.01 SA4 + +
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Caprella tsugarensis
Pleusirus secorrus
Hyale barbicornis

Allorchestes sp.

Urothoe grimaldii japonica

Caprella danilevskii
Caprella bispinosa
Stenothoe sp.
Aoroides sp. 2
Monoculodes sp.

Byblis japonicus

Decapoda

Crangon sp.
Spirontocaris ochotensis
Pandalopsis pacifica
Heptacarpus grebnitzkii
Heptacarpus rectirostris
Pandalus kessleri
Eualus leptognathus
Heptacarpus sp.
Lebbeus speciosus

Sergia lucens

Gastropoda

Barleeia angustata
Temanella turrita
Reticunassa acutidentatus

Lacuna decorata

Reticunassa fratercula hypolia

Retusa sp.

Lirularia iridescens
Batillaria multiformis
Lacuna uchidai

Margarites pilsbryi

43
44
47
48
50
52
53
54
55
59
61

11
23
25
30
45
46
51
58
63
66

26
49
56
57
60
67
69
70

35

0.36
0.26
0.12
0.09
0.06
0.04
0.03
0.03
0.02
0.01
0.01

20.36
3.76
3.32
1.46
0.20
0.18
0.05
0.02
0.01

<0.01

1590.45
34.82
2.20
0.09
0.02
0.02
0.02
<0.01
<0.01
<0.01

0.01

0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

0.50
0.09
0.08
0.04
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

38.75
0.85
0.05

<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

4
DF
4
4
DF
54
54
54
54
DF
DF

DF
DF
DF
DF
DF
DF
DF
DF
DF
DF

54
54
DF
54
DF
DF
54
DF
54
54



Mysida

Neomysis awatschensis 2 977.70 23.80 DF + + + +
Neomysis mirabilis 3 709.05 17.27 DF + + + +
Acanthomysis schrencki 6 36.62 0.89 DF + + +
Neomysis czerniawskii 15 14.36 0.35 DF + + +
Exacanthomysis  japonica 16 13.26 0.32 DF +
Nipponomysis toriumii 39 0.54 0.01 DF
Acanthomysis sp. 64 0.01 0.01 DF +
Isopoda and Tanaida
Cymodoce japonica 12 18.74 0.46 SA4 + + + +
Idotea ochotensis 32 1.36 0.03 SA4 + + + +
Paranthura japonica 36 0.82 0.02 SA4 +
Idotea sp. 62 0.01 <0.01 SA4
Zeuxo sp. 65 <0.01 <0.01 SA4
Tecticeps glaber 68 <0.01 <0.01 SA4 +
Table 3. Results of two-way ANOVA testing spatial and seasonal variation in species richness (number of species m?) and abundance (log
transformed inds. m™) of two macrofaunal groups (DF and SA4).

Factor df MS F P Factor df MS F P
Species richness (number of species m™) Abundance (log transformed inds. m?)

Drift faunal group Drift faunal group

Season 2 5.17 1.97 <0.001 Season 2 0.62 8.7 <0.001

Site 5 36.52 13.89 0.155 Site 5 3.47 48.75 0.001

Season x Site 10 8.19 3.11 0.006 Season x Site 10 1.08 15.17 <0.001

Error 36 2.63 Error 36 0.07
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Seagrass associated group (S4) Seagrass associated group (S4)

Season 2 66.5 23.94 <0.001 Season 2 4.47 29.54 <0.001
Site 5 40.03 14.41 <0.001 Site 5 391 25.83 <0.001
Season x Site 10 11.17 4.02 0.001 Season x Site 10 1.52 10.02 <0.001
Error 36 2.78 Error 36 0.15

Table 4. Results of ANOSIM testing among-season and among-site variations in similarity of two
functional group (DF and SA4). The test was carried for similarity data obtained for the two types of data

(abundance and presence/absence).

Faunal group Among seasons Among sites
Global R P Global R P

Abundance (transformed)

Drift faunal group (DF) 0.850 <0.001 0.956 <0.001

Seagrass associated group (S4) 0.508 <0.001 0.654 <0.001
Presence / Absence

Drift faunal group (DF) 0.567 <0.001 0.886 <0.001

Seagrass associated group (S4) 0.375 <0.001 0.526 <0.001
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Table 5. Results of Mantel test () betweensimilarity matrices of two macrofaunal groups (DF

and SA4) and differential salinity matrix for pairs of stations.

Spring Summer Autumn
Faunal group
r P r P r P

Abundance (transformed)

Drift faunal group (DF) -0.235  0.086 -0.155  0.267 -0.782  0.006

Seagrass associated group (S4) -0.318 0.031 -0.572  0.021 -0.441 0.069
Presence / Absence

Drift faunal group (DF) -0.014  0.306 -0.431  0.096 -0.902  0.003

Seagrass associated group (S4) -0.312  0.050 -0.522  0.143 -0.567 0.028
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