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4.1.2 4%

(1) o507

(1.1) Collection

50ml ocean water samples were collected
at 0.5m, 5Sm and 10m depths at 4 sites (Sta-
tions 1- 4) using a bandon sampler. Station 4
was not sampled at 10m as the water depth
was shallower than 10m. Glutaraldehyde was
added immediately to give a final concentra-
tion of 2%. The samples were then stored un-
til analysis in cool dark conditions.

Sediment samples were taken over 3 days
(Stations 6 and 7 : 95.04.25; Station 4-1 :
95.04.26, Station 3 : 95.04.27). Cores were
pushed into the accessible sediments at Sta-
tions 6 and 8 (at the mean water mark at Sta-
tion 6 and from the middle of the bank at Sta-
tion 8). 1-3g samples were taken from the top
Iecm of these cores. For Station 3 and 4, cores
were taken from bottom sediments sampled
with a Smith-Macintyre grab. 1-3g samples
were then taken from the top lcm (0-1cm
sediment depth, Station 3 and 4-1) and the
next Iecm (1-2cm sediment depth, Station 4-1
only) of these sediments. All sediments
sampled were placed in 30ml 1% glutaralde-
hyde in sterile filtered seawater, and stored

with the water samples.

(1.2) Counting

(1.2.1) Water samples

Bacterial densities were determined by
staining with DAPI followed by counting un-
der UV light (Haas, 1982; Porter and Feig,
1980). DAPI (4’6’ diamidino-2-phenylindole)
forms a complex with DNA which
autoflouresces blue under UV wavelengths
and hence bacterial cells are easily distin-
guished and counted (Porter and Feig 1980).

A 3ml subsample was taken after shaking the
sample tube and stained with DAPI to achieve
a final concentration of 0.01lmg/ml. This was
left for 3 minutes and then filtered through a
0.2mm Nucleopore filter previously stained
with an irgalan black solution (Hobbie et al.
1977). The number of bacteria per millilitre
was established by counting 10 or more ran-
domly chosen plots on the filter using a Leitz
DMRB flourescent microscope fitted with a
micometer eyepiece. The number of dividing
cells was also counted in the 10 random fields
to determine the frequency of dividing cells
(FDC, Hagstrom et al 1979). A dividing cells
is defined as a cell that clearly consists of 2
circular shapes with no space between them.
The number of dividing cells was averaged
for 1 sample and expressed as a percentage of
the total bacterial cells counted, termed FDC
(Hagstrom et al 1979). Generation times for
the bactertial populations were then calcu-
lated using equations from Sukizaki et al
(1993).

(1.2.2) Sediment samples

Bacterial densities within the sediments
were enumerated using the DAPI staining
technique described above, although prior to
this the samples were treated with pyrophos-
phate and sonicated (Velji and Albright
1986). This treatment removes the bacteria
from the sediments with which they are asso-
ciated. A few drops of pyrophosphate were
initially added to the sediment samples, the
tubes then vigorously shaken and left for 30
minutes. They were then ultrasonicated for 45
seconds and after allowing sediment particles
to settle for 10 minutes, 10ml of the superna-
tant was removed. Subsamples of the super-
natant (0.05 - 0.3 ml) were stained with DAPI,



filtered and counted as described for the water
samples.

The remaining bacteria free sediments
were then weighed (for wet weight), dried in a
drying oven for approximately 7 hours (until

dry) and weighed again (for dry weight).
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(Station 7) by hand and treated as for the ma-

rine samples.
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5.2 NoFU7T

5.2.1 ®BHR

(1) Water bacterial densities

The number of bacteria cells in the 12
samples ranged from 0.88 to 5.11 x 10° cells
per millilitre (Fig. 8, Table 4). The number of
bacteria at different depths within the water
column differed between stations. At Stations
2 and 4 the number of bacteria decreased with
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depth from 0.5 m to 10 m. The decrease at
Station 4-1 was highly significant with bacte-
rial numbers at Sm approximately half that at
10m. At Station 1, there were significantly
less bacteria at Sm depth with respect to 0.5m
and 10m (Fig. 8). And at Station 3 the number
of bacteria at all depths was equal.

(2) Generation times

Generation times also varied widely in the

water samples with % FDC ranging from
1.2% to 9.0%, equal to generation times of -
36.42 to 237.45 hours (Table 4, Fig. 9).The
negative generation times of some of the
samples are due to the high frequency of di-
viding cells (FDC) (Fig. 10) indicating highly
productive waters. These negative results may
also be due to the inaccuracy of the conver-
sion from FDC to generation time. The equa-
tions used (Sukizaki et al 1993) are described

bacterial density (1075 cells/ml)

St 1

Station & Depth (m)

St.2 St.38

T 1 T T T
0.5 50 100 05 50 100 05 50 100 05 50 river

St. 41 St.7

Fig. 8 Bacteria in Kominato water samples

Table 4 Kominato water samples

station depth cell count SD cell count | %FDC | Generation time
(m) (cells/ml) (cells/ml) (hr)
1 0.5 3.29E+05 6.31E+04 2.69 -36
1 2 8.76E+04 1.20E+04 123 LA,
1 10 3.75E+05 8.41E+04 6.13 13
2 0.3 3.29E+05 7.18E+04 800 . T e
2 2 2.62E+05 .. 3.98E+04 4.73 39
2 10,1 1.65E+05 3.91E+04 SeTA o 237 .
3 0.5 2.08E+05 5.37E+04 | 7.95 g
3 5 2.01E+05 6.08E+04 7.65 8
3 10 1.97E+05 5.55E+04 1.20 -14
4-1 0.5 5.11E+05 7.84E+04 9.00 | 6
Al 2 2.25E+05 2.77E+04 6.30 1. 12 .
7 river 4.32E+05 6.25E+04 4.51 37
note 3.29E+05 = 3.29x10™
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only for discrete temperatures so that the ex-
act temperature information is lost in the cal-
culation. These generation times must there-
fore be taken only as an estimate. Taking this
into consideration however, there was a gen-
eral increase of generation times with depth in
all stations except Station 3. That is, the popu-
lation growth of surface bacteria communities
(0.5m) was in the exponential growth phase
while the population growth at 5Sm and 10m

was in the stable log phase.

(3) Sediment bacterial densities

The number of bacteria in each of the sedi-
ment samples is displayed in Table 5. Look-
ing firstly at Stations 3 and 6, there were sig-
nificantly more bacteria per gram dry sedi-
ment at station 6 (beach sample) than at 10m
depth at Station 6 (Table 5, p<0.05, T test,
Fig. 11). At Station 3 the number of bacteria
in the sediments was approximately 1000
times that in the overlying waters, consistent
with the findings of Sander and Kalff (1993)
and others.

The sediment bacteria at depths 0-1cm and
[-2cm within the harbour (St 4 -2) and at the
entrance of the harbour (St4 - 1) ranged from
2.2 - 3.9 x 108 cells/g dry sediment (Table 5,
Fig. 11). Within both stations the bacteria
population was larger in the 1-2cm layer than
in the 0-1cm layer. Comparing the 2 stations,
the entrance to the harbour had a higher bacte-

ria population than inside the harbour.

(4) River samples
The number of bacteria in the Shinmei
River (Station 7) was 4.32 x 10° cells per
millilitre (Fig. 8) with a generation time of
36.81 hours while the number of bacteria

within the sediments was 9.47 x 10° cells/g

Table 5 Bacteria in sediments

Station cells/g sd cells/g
dry sediment| dry sediment

St3 2.06E+08 6.44E+07

Sté 5.17E+08 9.35E+07

St 7 (river) 9.47E+06 3.27E+06

5t4-2, 0-1cm 2.20E+08 6.56E+07

St 4-2, 1-2cm 2.69E+08 6.76E+07

St4-1, 0-1cm 2.67E+08 6.07E+07

St4-1,1-2cm 3.93E+08 8.69E+07

dry sediment - approximately 20 times the

number in the overlying water.

5.2.2 #EE
(1) Comparison between sites
I will discuss the differences within the
sites of our study before treating the differ-
ences between our study and the 1994
Kominato study. A discussion of the relation-
ship between the bacteria numbers and chemi-
cal composition of the water will then follow.
The 5 sites sampled qualitatively in the
Kominato area were all very different envi-
ronmentally. We would expect therefore to
find large differences in the bacteria popula-
tions between all sites - these differences were
evident in both the water and sediments
samples (Fig. 8, 11). Pelagic bacteria popula-
tions at Stations 2 and 4-1 show a decrease in
numbers with depth indicating stratification
of the water at these 2 sites (Fig. 8). In con-
trast, station 3 had equal bacteria numbers at
the 3 depths sampled indicating that the water
was well mixed. Station 1 is unsual as there
was a large drop in the number of bacteria at
Sm and then a rise at 10m. This may be due to
localised grazing of heteroflagellates at Sm.
In the benthic bacteria populations the
greatest difference was evident between Sta-

tions 3 and 6. The number of bacteria at Sta-
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tion 6 (sandy beach site) was approximately
2.5 times that of Station 3 (10m) which may
be due to the larger average size of sediment
particles at Station 6 (0.9mm in contrast to
0.29mm at Station 3). Larger sediment par-
ticles provide larger surface area for bacteria
cells to grow on and therefore bacteria popu-
lations associated with larger grained sedi-
ments are often greater than those associated
with smaller grained sediments (DeFlaun and
Mayer 1983).

(2) Comparison to 1994 study

Although the sampling sites used in the
1994 study (Kominato Report, MBRIJ 1994)
were not exactly the same as the sites in our
study, it is possible to loosely compare similar
sites. The 1994 site ¥ 1 is in a similar en-
vironment to our station 3 although there were
large differences between both the pelagic
and sedimentary bacteria. At this present
study’s station 3 the pelagic bacteria popula-
tion was lower than at the 1994 site ¥ 1
(1.97 - 2.08 x 10° cells/m with respect to 3.06

- 3.84 x 10° cells/ml). However the sedimen-
tary bacteria population was approximately
10 times that of 1994 site ¥#H5% 1 (2.06 x 10
cells/g dry sediment with respect to 1.9 x 10’
cells/g dry sediment). Station 1 was compa-
rable to 1994 ¥k 2 environmentally and
had similar pelagic bacterial numbers.

In terms of the freshwater samples taken in
the Shinmei River, the number of benthic bac-
teria in this study was higher than the samples
taken from an adjacent river in the 1994 study
although this difference was not great.

Caution must be taken when looking at
these two types of comparisons for a number
of reasons. Firstly because in both studies all
samples were single samples with no replica-
tion and all were taken on a single day. This
does not take into account the patchiness of
organisms nor the temporal variability, even
over hours, in the marine environment. Sec-
ondly the stations in each year’s study were
not exactly the same so that due to the envi-
ronmental differences we would expect sub-

stantial differences. Therefore due to the high
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spatial and temporal variability of the marine
ecosystem (Longhurst 1981, Cushing 1981)
we could therefore expect as much difference
between samples taken on 2 consecutive days
at one site as between our samples and the
1994 results.

(3) Relationship between bacteria and

the chemical environment
When bacteria at all sites were compared to
the chemical properties of the surrounding
waters and sediments, no clear relationships
were evident (Table 6). On one hand this is in
contrast to previous studies that have shown
that bacteria numbers are correlated with vari-
ous chemical properties of the surrounding
waters. In particular, the correlation between
chlorophyll a concentration and bacteria num-
bers has been shown to be a very strong posi-
tive correlation, in contrast to this study that
shows a weak negative relationship (Table 6,
p=0.27). Our results also show no relationship
between bacteria numbers and phosphate, ni-
trate, nitrite, salinity and dissolved oxygen
concentrations in the surrounding water
(Table 6, all p>0.05). The number of bacteria
was however marginally significantly corre-
lated with the temperature of the surrounding

waters (Table 6, p=0.55).

On the other hand, these results are not un-
expected as it is often difficult to discern the
relationship between bacteria numbers and
chemical properties of the surrounding water.
This is due to the fact that bacterial popula-
tions show a lag in their response to fluxes in
the environment. That is, the bacterial popula-
tion sampled at any time is the result of factors
affecting it prior to the sampling. For this rea-
son the relationship between the percentage of

dividing cells (FDC) and the chemical envi-

ronment was also investigated. (The FDC was
used as it gives an approximation of the
growth rate of the population at the sampling
time and thus the flux of the population at that
time.) This analysis found that FDC had a sig-
nificant negative correlation with salinity and
a significant positive relationship with dis-
solved oxygen, indicating that higher growth
rates were found in waters with low salinity
and high levels of dissolved oxygen. Like the
total bacteria numbers, FDC also had a mar-
ginally significant negative correlation with
chlorophyll a. As with the bacteria numbers,
FDC had no relationship with nitrate, nitrite
and phosphate.

(4) Conclusion

The results of this study in the marine and
aquatic waters around Kominato, Chiba-ken
show the importance of replication in envi-
ronmental studies. Appropriate analysis and
discussion of environmental quality can only
be made if there is adequate data to allow for
statistical analysis.

These results were comparable to the 1994
study in the same area and also showed sig-
nificant differences between the various sta-
tions. Comparing environmental factors to
bacterial numbers and frequency of dividing
cells (FDC), bacteria numbers were margin-
ally correlated with temperature while FDC
was negtively correlated with salinity and

positively correlated with dissolved oxygen.
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5m BRUSt 3D 0.5 m & TIRKEERED
7' 2o bV Stephanodiscus subsulsus 7
HWIRL 722 eh o, MIKOZEILFE»
CEDEEN/-SL1ICETHELAT
Eibhd, 72, NS 7o Y
FBUHIIIFEEL AL, £
W NEBEBOETH 72, BEICADL
nafe LTy 2%, g7 70
B TTFEHELZZE2S ) [EEHD
BELZIT TN I AR I, &
SIZRGRDZ > 7 i 2 oK 7
TV N UBEKETH I XD,
REFE AR A FAIE DRz R L 7
EEIOND,

5.4 NV X

5.4.1 #AEER

(1) x4 ANV P2

FAEZT o724 Bl &Y 6 BT 9 &
MoEntE L - E11), 2llETH
BLTHEAR O NZDE, FRAESWM
1R E A fLR B & 28 PR R
THD, FHUETHEHBELZ, RATH
HOEHh - =01, &iEEHY M
BB LNy F 2 ZHTH D, St
3,St.4-1, St.4-203BETHEL
THR6NZ, £/, St.3LSt.6 TiE4=
HRAHEL, aaxVfEIIEStL 6 TOA
HEL 7=, |

HEREARE RS £ 4> - 7= HiRiESte 4 -

2THY, TSt 4-1, S 3DIEIZE
<, MEHBOD L -7-0D1ESt. 6 T
Hotme £, SLITIFE0~1ecmE LD
1 ~2cmBICHIERBEZL Ronizn,
St.4-2TIE0~1cmfBIZ£ <, St4-1
THEHMEICkE RET LS, B LAY
OHBIRM ORI IZ—EOEREIZ R 51
Thoiz,

(2) ~zua~xv bh2x

RAEET -5 BA XD 788 9 4
SAFEDEYAHER L - (F'12), £77, St
6 (W) TIEEMOHRIIR N Ehr -
72 OMBROE 5B EIESL4-1T
21 f&, 253 {f{k/0.05 m®> DLW HE
L, B2 Rseis gLz, ko
THIRODOE» 5728t 4-2 Tid 165, 104
fEf&R/0.05 m> DAY L, REEEW
MZEMBPEBL 7, St.1, St.3 TE%
nF 145, 20 fEK/0.05 m* , 8 /&, 19
ff/0.05 m* OEYOHBRLSE S iz,
BAO 2 WETITMREEESE L, B
D 2 Bl TIEA T WER DA S LTz,
¥ 7, TR FROR@EIZ oW T BEAE %
Ab &, PHEETHEEIIZLVWENS
RN AL i,

5.4.2 #E%
INEBHIRIZBIT A A4 ANV P AB L
U~ raxXy b ZABEOREIIOWTE

E11 AAFNL N IAHITER

{B20/19.625cm”
St. 3 St. 4-1 St. 4-2 St.6
No. O-lem | 1-2em | O-lem | I-2cm | O-lem | 1-2em | O-lcm
1|Foraminiferida |EA8HM RERE FALH 44 124 128 48 370 104 8
2!Ciliophora e IRE £ 0w 156 72 192
3|Castrotricha  |[JEEFHN 16 24 164 264 12
{|Nematoda Erumh 808 344 1156 572 560] 56501 4592 20
5|Polychaeta BN 258 28 4 30 28
6| Tardigrada SRR 32 44 4 4
7|Acarina RN SR SR 4 8 4
8|Harpacticoida | Ei /e EMITY] B pbedl lebdab el WA JTIAR 36 164 32 520 1250 672
9|Gammaridea [BEDHM B SFHE SEHE 30x'EE 4
NS 476]  1520]  1084]  1004]  7300] 5600 36
R 6 6 7 7 4 6 4




W60 ORUB UMD IS TR "ol RNB00 0 + 1 TH

0 o1 it/ 8 71 T BB
0 86°0 $O1 34 £62 70 61 ¢C0 02 H# B
¢00 [ TTsneudolaiug I SR
L&0 I A sualavyur 0)deuisoydsy Ko Lil) EEE BRI LI ek cC
€00 1 "ds apprussoiq AL EEE S 2C

+ 1 LifAb Lo PSOIILIIA (R[RYdadIuIds) vjjeides) RkLyag 1¢
+ [ I IREN 7254 sysusqeury wnjydorosogng AT 4004 0¢

+ 1 “ds sisdospiuites) W ATCEGA Y 68h

100 [ ATCAL LL L QuIqUINOD S3PIOIOY K azTsi T 8Y

890 6¢ “ds erpyekt] R ATCE Y6 A

* 1 ATCEl 4 AT/ ¥ Slpipar sUIEXIpRILS R ATCELLT gb

$0°0 01 ATCE ML PIPIIS0d PIBUSFOIUO] HATCEMLed [

AN 9% SISUBPMRYNSIPU STAT Y b

+ 1 ATCELVEL snofodel snif}y R ATCELVEL er |

® L + ! "ds atnipyayoUusy W ATCRA LG oy
+ I 100 14 “ds sisdourdivey fATois4d i
+ Z “ds soyj04) K ATEA 4344 oy
20°0 ¢ *ds puewoy2i0 Hoare £24L B (s 5%
0¢'0 8 LG L ALG SIfUS.IOPIAaE] v3)OPIUAS 88
+ 1 AL A SnIEPNRI SOIUIIAS %

800 ¢ AL epneojur(d snpuva[D ATLy 9t |
T 1 s IPpLINYIUCICS KALLLYG =X e cE
+ 2 ds sdordurena Ly Kee—gh 4t be

. i -ds vrrjopog He—gh %t Heyg &t

£5°0 L6 irv/e sadrq eljeqapy Az B rwv/ic B 2%

i 1 F 03420 Goplaaiy SNYISUAYIONIAIS T fEE G300) El3 034  piugngsll  LJGROET U iTe
7E0 Z Uik C/pIIIL BUIIR JOPIIN ey ks HER| 0g
10°0 1 YUV G2 graned pynony Bl g BEReL| mWmEPF_ 6T
200 I YR Ggn4a JetieAryein toydsidy [ I TIA Brgia ik W 8¢

+ 1 IR TII MAURUSnIeUr 13J11020(T [N H 88 7
€1°0 ¥ as auoy) ks 9z
9670 T Vi kil STALIGjIsTy PIUame) kit T
100 [ aupruepiRiy [sddia=tda7] <

8070 [ Pl ok/agl) vogroed vjodtuaiogly R ey {ec__|

90’0 9 a8 SAISPUIojon; o
10°0 ¢ A8 SHISPHIOPIfY 1z

080 514 s ppeadry) Ky i) 0Z.

+ FA SEPIOIRTS 61

00 T Tl cElvs PIUSR 8] BIIG)IdI 31

2] v 700 Z U5 SUOZIF0Y U
800 o1 S ELE ) P eELYS a1
P00 1 48 (31UB[F]005) SIABje[oo% T
00 i “US (OIASOUOII]) OIdSOUOKI] +1
00 4 U5 SEE0000 04 1
90°0 8 PIBNSO O1SI o1
100 i TIPS N0 SSPIUOT kY 11
10°0 ¢ DIA] S3pIuoRIR RapIuoRIL g HED o
O i “US (SOBLISWO1SI 0%, PafILIo] B irchis i
00 7 PIOJISIO] STISUIIGUInT]
Z0°0 b 00 7 TSAPY SEpIIsTguIT | KAk Ay
110 ¥ + I P oY HOATLY BIJOULIqAJOU SAJHUSN ok qas

50 2 T4 JAG BIBIOPUDIIg SISI8UAT Hitc

+ 1 a8 20Oy OuLI P WAvean R

+ I 800 4 aepinounatg

A i & $A0j0os PUIOS O[0DS VY] KA Al R
VANLLYINEN

XLy vOL 2

Cl2E

28



LEN-ERELDEBRT 3,

(1) A4 ARV

A A ARV b A OMERREEE— R
1210 em? 7= DEE ~ BT EAE E WD
L, SHEELNFERSE SL6 2R<AET
OHE TRk AEm AR Lz, 72, #
HURR BB N LS 7 5+ 7 2 H MBS TE
ELUTHERT2HTY R eldEm e —
BLTW3,

SHEE S NIFBRTIE, BEREARN
N2 F 7 ZHDO®S £ < HIE L 723
Ml St.4-1THY, RT St.3T
Holz, L2AL, St.4-2TF0~1cm
DOFBIZZSHHEL, St3TIE1 ~2cem
DTFBIZZL HBEEALGNTZ, TD 2
HE AL CAB &, St.4-2 Tk
KOFEENI DD lox L, SeEicm
L7z St. 3 TIRENIZIERN KR EZ W=D,
BRKOZEB\PRBLSENE T AF THAM
THIERTEEEDNS,

St. 6 1%, EEOREI MUDOH T & X
TRE W, BREUTED & A-HEIED
DI HNR 1.8 &Ky, —BEYIZE &
T B E v 280 & 0 i
BEARBA L VEERLAEEDEEZ S

N5 (313),

LaL, AA4AFNY b 2055 FH R
Fig bihod Z &2 Tk <, K -
oy - BT EE - SRR - kR -
Y - HRE & Vo A BER A EHELC
BbHbDE-STETWEDT, %I E
DI fhE bR THRETIVERD
HEBEbhb,

(2) wz7u~xv %
ZHREREIZBWNT, B4R T LS
ICIRIZEIM (2B & S2Emr
P DR PIEFEIZE 572, BHIED
{&hfE 3 5@ A AT (5R15) 7 OfdEmAIZA
5P THoTz,

£14 v oON> b XOFBIBRHE (%)

REatn  WeEn  BZE Tofh

St.1 35.0 20.0 30.0 15.0
St.3 63.2 0.0 36.8 0.0
St.4-1 174 0.0 82.2 0.4
St.4-2 96.2 1.0 1.0 1.9

BRI EOE L8 3 EOE BBREO R
EAMEDF—FEAL Y NEFRFRUYUT
0)3:5‘(“55’)#.0

®13 EEMRER

St. 3 St. 4-1 St. 4-2 St. 6
PEMR (%)
RPES 0.15 0.15 - 8.74
aL % 0.14 1.79 0.13 1484
R 10. 56 16.52 21.39  49.85
@ 88. 92 80. 35 77.78 26. 5
Y b+h + 0.23 1.19 0.70 0.07
k% (mm) 0. 29 0.3 0.7 0.9
BKE (%) 24.3 41.2 31.8 21.0
Tk 2.1 3.8 2.9 1.8
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®15 vrONY b AZBRADELE & 7 OEGIERLT

FER S g2 &4 & %
St. 1 Sipunculidae (fVLYE) 14.3
Lumbrinerides hayashii (£ & Y{Y*§) 14. 3
Chaetozone sp. (3A"t¥31"54%) 14.3
$930° 4 (Zyagh™ 4%8) 14.3
Hemi lamprops sp. (8% Y9-v%&) 14.3
Harpiniopsis sp. (t#yyazt ) 14.3
St. 3 Dispio oculata (At #F) 42.1
Lumbrinerides hayashii (¥ & Y{Y:§) 21.1
Urothoe sp. (w/b¥"vait #) 10.5
St. 4-1 Cheatozone sp. (32 t¥3 #{%l) 39.4
3FIymh 23784 (vap rat h4F) 23.1
Caulleriella sp. (3A"t¥3 H4%E) 6.9
St. 4-2 /01t (/a1 #/) 38.3
Hyalidae (®92 321t §l) 15. 4
Atylus matsukawaensis (24nt3azt" §&) 14.2

Sipunculidae (7K ¥ & Y BlO—F#) © St. 1
ABOBT 5+ LVFHT, 2FEOWH
i ~EEEOMIREY b BERTE £
FRERES» S WEY 5, BRYHA =
Jok & HIEIRT 5, A2, 205
JHED ORI THBITE B,
Lumbrinerides hayashii (¥R 4 Y AF}
DO—7F&) : St1, St 3
AEOBT XKL o RN, WBED
RARER, BOEINE, BEEL EIZHED
AATHEET 5, RICIRIEOWEIRIZZE <
HIR$ 5, FHEEEED 2 25 D R 2 D

30

THRE TIIHRITE 5, AR, BIOE
PRI, NFHE RBEDOETE -
HMETHHETE S,

Cheatozone sp. * Caulleriera sp. (W39 1
L IAeFahAFBlO—FH)  St.1, St
4-2

KEOET S I A FIH 4 FHiaE
O PWIRIRICIA oM L, HEREY
HFRenIZIEDAATEET S, #EBHIX
IZ&V, FOERE L GE S KE LR
B, SOk SMIBEHOR, BEEEDH
FBOREETEETHITZ 5, l{llH



DO THEE CRIETZ 51E H

%} o Cheatozone sp. \3PRDZERDMIFED4E
AT DRI T, Caulleriella sp. &
Cheatozone sp. & O & IR DRI FE
T &R

YO IHA (Zy AT HABDO—FE) .
St.1

ZN T ngf’(ﬁ@ﬁgfﬁﬁ%# K& m
OMREICHAT S, v X927 554
EIERICKLSPLE . AiIRMIE - FHOK
L. HRPSRARE. BEfIC X 0O
BIATE B, |

Hemilamprops sp. (7% 7 — <D —
f#) : St.l

AMOBT 5=V F 7 —<EIL, B
wr o B 7 IR < MO R b BRI
ERICHIE 9 %, Telson DL k& X TF
FCHHITZ B,

Harpiniopsis sp. (&> I T ERD—
f#) : sl

AEOBET ey vy axz et ®
BIRICEEL, 7R <wWHIzE <5,
K< HETBHETHD, BALVDIK
T KRR, RBET, 555 o E
Fi T D key 12785,

Dispio oculata (A ¥4 Bt —F#) : St.3

Af@ElE. [ERID Scolelepis sp. & IEF I
K <LB A, Dispiosp. 121358 1 IFBEHIC
Wb IATRKRELELS,

Urothoe sp. (Y / &7V 2T ERD—
) St.3

AR, RIS HE L iciE -
THEET S, FEIRRIZELTHBEEN
Fefny, 2% 2mill, /g, K3H, RBHEiO
WETHEIT 5, U gelasinaambigua |ZIEH
IZE LB 2, MO OLE N2 —
BUEN 727D TEED T,

IFIVEHRTHA (CUHRTHA
Flo—fd) 1 St.4-2

AFED 7y A AN P ER IR . W

~ IR D REB m IS5, 2D
Interanal cirri D4 2 75 L IE DS Hef% B 7% key
27k %,

T /NI (2 NTERIO—FE) : St
4-2

ERIBOTEJRHICHE AR B O KRIZHT
WFEl "?7?%<<°o FerPOFERp=EBEL, L
WWLUITHRICE £ 5, KESKEDZEA
ZIFREITEmOME 2 D,

Hyalidae (£ X 3 2 T RO —F#) :
St.4-1

KEOBT Es X3 axRhE, b
WEE A B JUIND BRI D a5 12 BT
%5, AfEIL, 53 EOLm L EHO
WA FED key 12785, SR T
Parhy-llella JBIZEIE & 7= 23 H ARDELE
PEE 572 20RHIE E® T,

Atylus matsukawaensis (7 #/NF I I X
ERtO—FE) St 4-1

AHEDOETH 743 L Eﬂ
AN LUEE O AR BIRE A 3 D bR ﬁfixiﬁﬁ‘
%o KD Inner plate DEMOREH LT
BoErofEE THBIL 72,

P EORREFT1IIA L ZEE 58
BRAEADETELS L, v Uy
MZOHE L7 4 #IEIE Sel, 3 &St
4-1, 4-21ICKHTHZENTESL
Bbihnsd,

St.1&St. 3 TR A fEmIE Rz ¢
mir oo h, o 2 R & TR L 550
PEOREMKERL TR ENWE B/
Hd, StlTIEEEO HREER A %X
m o ez BAL 3 TEIZST LS I A
RITHELITENTI LD, Harpin-
iopsis sp. TEEEI/ NI MR THINEME
EANTHBNLEFEEL L TS TN
%, St.4-1BKV St 4-2 Tid, REUN
BEOESKEL, VL MRS E
WEZIR L7z, HEEEDO ZBHEOM
WAL, mPRBEL R THERIC LS
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HoNBITFITHABHIBET BFEH
HELTWAZehERrs, Z02HlHE
BNBNGRBEICOD A LEELILNS, &
72, St4-1DELEETHSEI/ XTI
YRt Atylus matsukawaensis ° 7 £ NF 2
axVY, yIdr-HFIaxy, AV yEY
Fr&kIaTe, a7I9LHTO6H
EES KRR ICZ S BT 55T
BHolz, St.4-1 BB OIHDI=, WEHN
HAEL TWhd 5 WIEMNWEIESE L
TWEABHRE L oD, Tho R
T ic &> TR I, %< ORFZER
ARHlFICREE L2280 EEBbNh B,

JERA A O oy AR AU IR O H 4%
, BlOFN s EOWENER, Rk
EZ L DOMHIRER 2ENT WS, &
B, BEEE MIREYC X > TNERY
WDV N ZAFEORBIZ DWW THER
wiTo 720, K0 ZOERFIZOWTH
HET IO, HICFHELWEREELT
FITENTEBEELIONS,

ZEE

Barnard, J. L.and G. S. Karaman(1991): The families
and genera of marinegammaridean Amphipoda
(except marine gammaroids). Rec. Austr.Mus.,
Suppl., 13 (Partl and 2), 1~866.

Day, 1.H.(1967): FA monograph on the Polychaeta of
Southern Africa., British Museum Nat. Hist.

Publ. 656 (Partl and 2), 1~878.

WEREE (1977) - 7Y VB, AR E 55
F BN YRR, 264, JURESE, B,

M BER (1986) | HIREBHPNER OV s u Ry
b ZAMORE, WA — b, 23(2),
173184,

VHEOHEL - ZGMER . (1976) L WMWY b R,
JUH R, VREE - XV b A (RN
AR S), 149~430, HMBRFEHIRE, HOK.

JHBIEEL (1990) © 28 13 B H AR O XY b
ZUZDWT, HARBHF2INFIENRAS
W, 0 H A RS GRS AR , 283~
311, HUERZEHINE, H.

32

PHESLHI (1985) © 55 2 BRRROAEE, WOTE F
D Z B D=5 [EREYFAM-, 73~151,
e, WA

VAR = FRHR (1992) - BRIFEMIFT - 50, ek
FKHAREEEYRE(]), 310~373, REH,
KER.

PO ZEESR (1992) | 28R, RERERH A
FEMIXKIEE (1), 299~305, REAL, KIR.
PaAT = BB (1995) - BT, RERER H A0S

e (1), 42~379, &, KBR.

MH 2 - NEEZE) - WH SR (1965) - B
Bty - L6, B H AR (L), 489~532,
AehefE, R

W - NHVEZBY - WH 5546 (1965) : dwill
B, #rHARSPxIgE ), 559~580, ACkEsd,
.

5.5 WKLY
5.5.1 &R
(1) ArksR

AR Tl 47 DA L0 R X
N7z, Hlplc A2 & R 38 FE%H, I 3
T 3TEIE, v XLV, NI T LY
W, ~F AWM, =~A 54, Fux
i, 7efnZThTh 1FBETH - %=,

St. 7 I3FEHICAR RS D, Bl ZH -
720 TFRIZUID L2 EIZE > T DRA
BEDE, HYZDDIEFIZENE I A
TH -7, KEAMWK Sm, KEFEHN02m T
HY, WRISERO FITEROBENEEN
RICHELEL Tz, lERORIITKE
15.7°C, Kif14.2°C, ¥k 0.5 m/sec, &R
BE1lmBP ETh-H7,

A AT 11 EEAMBR L, AR
164 {E{K/m?, VPEE 1.68 g/m?Tdh -
7z, B %< B L fiEIEAaE, &
HELBLICTIFTVTRTHD, EEK
T72%, MEET36% 2 HH T\,

St. 8 IFFEFIZ AR, HMIZAS k-
72o MFIE St 7 ERIUETARIEED 7
HHHZD B 572, KAEPER 5m, K
H015mTH D, FRISEE, BWTHD%F



KOBEDRAGIRETHLL T/,
AR ORIUT TR 144°C, 7KIR128°C,
F® 0.3 m/sec, BHREIX I mET
H o=,

A AN 45 FEEE D HUER LRI 4664
fEfE /m?, BEE 11.80 gm? THh -7z,
e MR LEEE, @AFEETHS
EMEA ORI T UTETI6% &L TE
D, RANTFHLVLIZAY ABDI%, 7
FFITRIOT%TH -7z, \REETH
BEBMELVONRY T H=T25%, K
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