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Abstract

We investigated the recent diatom assemblages in 30 surface sediment samples from
Osaka Bay, Japan, with the identified diatoms divided into five categories [halobious sys-
tem; Oligoeuryhaline Polyhalobous (OPH), Euryhaline Polyhalobous (EPH), Mesohalobous
(MEH), Euryhaline Oligohalobous (EOH) and Stenohaline Oligohalobous (SOH)] based on
their tolerance for salinity. The horizontal distribution pattern of each category suggested
that the recent diatom distribution pattern of the bay is mainly controlled by the transpor-
tation of brackish/freshwater species from the mouth of the Yodo River through the river-
water discharge into the bay. In other words, the distance from the river mouth controls
the relative abundance of brackish/freshwater species at each site, which is a major part
of the total floral composition and could be a useful paleoecological indicator for river-
water discharge. The distribution pattern of Chaetoceros resting spores suggests they have
potential as a paleoecological indicator for anthropogenic environmental degradation in ex-
ploited embayments. Taphonomic processes of recent diatoms are also discussed.

Key index words : diatom assemblage, distribution, halobious system, Osaka Bay, resting

21

spores, surface sediments

i3 U &I

HHEL, HEREOBPHEREY»SEEICENL,
FLBROBRBICL > THEERT)I TENTE L7
W, BB RES TGO Y -V E LTELH
WH5ENT WS (Stoermer & Smol 1999) 6

BREBICERT AR, EQICESICEST
ZTOWEMBELRELBLSE DI L0, it -

Received 20 August 2008
Accepted 11 December 2008

R EE R S b ) WAL ORE L

LTHWwHNE L) IR TEZ (B2 1EWilson
et al. 1994), ZO X REIFETIE, HEH» oA
ELTCHERTAHBEOAEEL D LI, st
Mo-RRoOBEE (W) 28T 5. Ly LR
ORI, BT 20, iR, HEE, @
Wi e, SFTET K - M ERIEMEI
ShHo TR SN 720, IBFEHTEKESN S

IbaBEgEIIE, Akod B d Sk S THER
L-RBoMEIEE s D 5, T2
HEIIER, HREYPICREISNBRICBVT,



22 Kotaro Hirose and Toshikazu Gotoh

135° 00~ 135° 10~ 135° 20~ 135° 30~
I Z;Uf Yodo River
\\ Akashi Strait QB3j 4921 |
34° 40" | (B = 5
- ’ @ 0B2
\\o. ‘ A== =0510 - 6\ 0Bt
= >0 0.
Harimanada =" Ms Py OB7‘ B!
Sea 0812 38 )
> OB17. 18 ® 13| =LAy
g i T &= oB9 amato River
s ??6 1
Awaji ) X 20
0/
) Island /. 024
34° 30
50/
A ‘
40 30 /y OB, M)Ojf
pang //'Z;;; sy
N
34° 20 U e ol
— |
70 Ocean

Kitan Strait

s

Fig. 1. Index and locality maps of Osaka Bay showing location of OB1 to OB30

(modified after Yasuhara & Iruzuki 2001).
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Table 1. List of sample data. E: Ekman-Birge Grab sampler, S: Smith-Mclntyre Grab sampler.
Water Salinity DO DO Grain

Depth temperature ( C ) (psu) pH (-0.5m) ( bottom+1m ) Sampler size
St. (m) -0.5m bottom+im -0.5m bottom+lm -0.5M bowom+im (mg/l) (%) (mgl) (%) (Md ¢)
OB 1 8.8 20.70 17.80 2.90 30.83 7.92 8.18 6.06 68.6 7.44 93.1 E 6.23
OB 2 116 18.70 17.24 22.70 31.20 7.85 8.16 6.58 80.8 7.72 97.4 E 6.72
OB 3 139 21.17 15.60 9.33 3145 8.08 7.98 7.07 84.6 5.77 70.1 E 7.02
OB 4 136 18.31 15.80 25.70 31.45 8.14 8.09 6.95 89.5 6.11 75.5 E 7.05
OB 5 159 18.23 15.60 23.50 31.55 7.95 7.93 7.59 95.6 5.06 62.0 E 7.05
OB 6 162 19.35 15.61 13.87 31.83 7.97 7.87 5.98 70.7 4.30 52.4 E 6.87
OB 7 173 18.99 15.26 27.97 22.50 8.26 8.06 8.56 1104 6.35 73.2 E 6.99
OB 8 162 18.50 15.65 28.50 31.68 8.18 7.99 8.56 110.2 5.40 65.9 E 6.78
OB 9 126 18.45 17.31 29.50 31.30 8.19 8.20 8.56 110.2 7.73 97.7 E 6.76
OB10 16.3 18.97 16.36 22.31 31.80 8.08 8.01 7.18 88.2 6.26 77.5 E 6.34
OBI11 184 18.66 16.56 21.47 31.85 8.01 8.01 7.18 87.3 7.05 87.7 E 6.45
OBI12 19.7 18.65 16.48 24.11 31.93 8.04 8.04 7.26 89.6 7.43 92.5 E 6.52
OBI13 19.1 18.39 16.42 26.77 31.87 7.99 7.98 7.33 92.2 7.27 90.2 E 6.45
OB14 18.0 18.85 15.48 3091 31.84 8.20 8.04 8.19 106.9 5.35 65.2 E 6.81
OB15 135 15.00 15.44 30.84 31.68 7.92 7.96 7.54 97.3 4.13 48.4 E 6.88
OBl16 172 18.55 16.74 2691 31.83 8.17 8.11 8.28 105.0 7.55 94.3 E 4.74
OB17 222 18.50 16.81 29.38 32.06 8.16 8.09 7.10 98.8 7.42 93.1 S 6.57
OB18 23.1 17.92 16.82 30.62 32.09 8.16 8.08 6.83 87.0 6.93 86.1 E 6.61
OB19 202 17.25 16.81 31.92 32.06 8.09 8.07 6.86 87.1 5.95 75.1 E 6.62
OB20 185 17.85 16.75 31.76 31.86 8.12 8.09 6.94 88.2 5.73 72.2 E 6.42
OB21 18.7 17.92 16.78 30.31 31.82 8.00 8.03 7.00 87.7 6.43 80.2 E 6.58
OB22 172 17.40 16.11 31.08 31.84 7.99 8.01 7.13 89.6 445 54.8 E 6.77
OB23 13.6 17.19 16.76 31.63 31.97 7.93 791 7.03 88.1 5.75 71.7 E 6.60
OB24 372 18.05 17.34 31.83 31.63 8.07 8.09 7.10 89.5 6.99 87.7 S 4.57
OB25 30.1 18.52 18.10 31.40 32.02 8.11 8.09 7.41 94.0 7.02 88.1 S 6.67
OB26 21.1 17.96 16.85 31.36 31.65 8.15 8.12 7.33 94.0 6.93 86.7 E 6.59
OB27 14.1 18.52 17.07 31.49 31.93 8.16 8.06 7.44 95.7 6.60 83.0 E 6.69
OB28 9.2 18.80 17.05 31.44 31.77 8.12 8.06 6.78 86.5 5.94 74.6 E 6.35
OB29 152 18.43 17.77 31.41 32.11 8.11 8.08 6.87 87.5 6.31 80.3 E 6.64
OB30 9.9 19.06 17.88 31.83 32.12 8.04 8.07 5.52 71.3 6.26 79.9 E 6.40
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Table 2. A simplified halobious system for diatoms based on the system of Simonsen (1962).

Category Abb.

Main habitat and the tolerance for salinity

Oligoeuryhaline Polyhalobous OPH Marine with tolerance the fairly narrow range of salinity.

(after Simonsen 1962)

Euryhaline Polyhalobous

EPH Marine, but it may live in brackish water with tolerance the fairly wide range of salinity.

(Incl. Pleio-, Meso-, Meioeuryhaline Polyhalobien, after Simonsen 1962)

Mesohalobous

MEH Brackish water with tolerance the fairly wide range of salinity.

(Incl. B-Mesohalobien, a-Mesohalobien, Euryhaline Mesohalobien, Holoeuryhaline Mesohalobien, after Simonsen 1962)

Euryhaline Oligohalobous

EOH Feshwater, but it may live in brackish water with tolerance the fairly wide range of salinity.

(Incl. Holo-, Pleio-, Meso-, Meioeuryhaline Oligohalobien, after Simonsen 1962)

Stenohaline Oligohalobous
(= Oligohalob (indifferent); Haloxen, after Simonsen 1962)

SOH Freshwater with no tolerance for salinity.
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Fig. 2. Spatial distributions of valve content (number of valves/g dry sediment) of vegetative cells and resting
spores of Chaetoceros spp. in surface sediments from Osaka Bay (OB1-OB30). Min, Max, Avg are minimum,

maximum and average of valve content, respectively.
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Fig. 3. Spatial distributions of valve content (number of valves/g dry sediment) of the species categorized into
the groups of the haobious system (see Table 2 for halobious system). Min, Max, Avg are minimum, maxi-

mum and average of valve content, respectively.
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Krammer & Lange-Bertalot 1991a. p. 57. pl. 62.
figs 1-6, 9-12.
Cymbella spp.
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Diploneis aestuarii Hust. 1939. Abh. Naturw. Ver.
Bremen 31: 612. figs 41, 42.
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p. 446. pl. 39. figs 17, 18.
Opephora olsenii M.Mgller ; cf. Sundbdck 1987. p.
241. figs 1-33.
Placoneis elginensis (W.Greg.) E.J.Cox, 1987. Diat.
Res. 2: 155. figs 20-27, 34.
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Table 3. Diatoms found in the surface sediments collected from the stations OB1 to OB30, categories of halo-
bious system and its references, relative abundances in the assemblages, and valve content (number of valves/
g dry sediment) of vegetative cells and resting spores.

References: 1) Hustedt 1957, 2) Simonsen 1962, 3) Snoeijs 1993, 4) Snoeijs & Vilbaste 1994, 5) Snoeijs &
Potapova 1995, 6) Snoeijs & Kasperoviciene 1996, 7) Snoeijs & Balashova 1998, 8) van Dam et al. 1994,

Halobious
Taxon References

System OB1 OB2 OB3 OB4 OB5 OB6 OB7 OB8 OB9
Achnanthes exigua EOH 1,8 10.1 3.1
Achnanthes undata SOH 24 1.0
Achnanthidium convergens SOH 21 10.1 13.1 1.0 63 12 L1 07
Achnanthidium minutissimum var. minutissimum — EOH 1,3,8 0.4 0.6
Achnanthidium saprophila SOH 19 6.8 105 1.5 03 04 1.1
Actinoptychus senarius EPH 5 1.0 .1 07 03
Amphora aff. A. tumida -
Amphora pediculus EOH 1,2,3,8 135 13 2.1
Aulacoseira ambigua EOH 1,2,8 135 170 36 42 03 07 1.1
Aulacoseira granulata EOH 1,2,8 34 79 26 42 03 11 11
Aulacoseira subarctica f. subborealis SOH 8 219 66 46 31 03 1
Aulacoseira spp. - 26 3.1 1.0 0.9
Auliscus sp. -
Azpeitia nodulifera OPH 13 1.1
Chaetoceros spp. -
Cocconeis aff. C. pediculus - 1.7
Cocconeis costata EPH 2,6 0.5
Cocconeis pseudomarginata EPH 1,2,7 0.5 04 03
Cocconeis scutellum EPH 1,2,3 0.3
Cooconeis placentula var. euglypta EOH 1,2,7,8 84 179 5.2 0.6
Coscinodiscus perforatus var. cellulosa OPH 13 1.0 0.4
Coscinodiscus sp. - 03 07 11 07 0.6
Cyclostephanos dubius EOH 1,3,8 0.5 0.3
Cyclotella aff. litoralis - 11.8 184 21.6 250 93 157 173 162 19.2
Cyclotella atomus var. gracilis EOH 5 68 52 10 21 07 07 15
Cyclotella meneghiniana EOH 1,2,3,8 1.7 0.4 0.3
Cyclotella pseudostelligera EOH 1,8 0.6 04 04
Cyclotella radiosa EOH 58 1.7 6.6 03 04
Cymatotheca weissflogii OPH 12 05 21 0.6 04 07 1.1
Cymbella minuta EOH 8 169 6.6 05 52 06 0.3
Cymbella tumida EOH 1,8 1.7 1.1
Cymbella turgidula SOH 14 1.7
Cymbella spp. -
Delphineis minutissima EPH 15
Diadesmis contenta EOH 1,8
Diploneis aestuarii MEH 15 1.0 21 20 07 07 07 03
Diploneis bombus MEH 1,2 1.7 0.5 0.6 04 04 1.1 03
Diploneis papula var. constricta EPH 2
Diploneis parma SOH 16 0.4
Diploneis smithii var. smithii EPH 1,2,4
Epithemia adnata EOH 1,2,3,8 0.5
Fallacia clepsidroides MEH 5 0.4
Fallacia florinae MEH 3
Fallacia forcipata MEH 5
Fallacia oculiformis OPH 17 1.0
Fragilaria capucina var. capucina EOH  2,4,8 L7 52 3.1 0.4
Fragilarioforma sp. - 34 0.4
Gomphoneis pseudexigua MEH 2
Gomphonema augur EOH 1,8 1.0
Gomphonema glovei var. lingulatum SOH 22
Gomphonema minutum EOH 8
Gomphonema olivaceum EOH 1,3,8 0.3
Gomphonema parvulum var. parvulum EOH 1,4,8 34 66 15 94 06 1.1 04 14
Gomphonema spp. - 1.7 39 2.1
Grammatophora angulosa EPH 2

Grammatophora sp. - 0.4
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9) Danielidis & Mann 2002, 10) Desikachary & Prema 1987, 11) Hasle & Syvertsen 1996, 12) Hendey 1958,
13) Hustedt 1930a, 14) Hustedt 1930b, 15) Hustedt 1939, 16) Hustedt 1959, 17) Hustedt 1961-1966, 18)
Kobayasi et al. 1987, 19) Kobayasi & Mayama 1982, 20) Kobayasi & Mayama 1986, 21) Kobayasi et al. 1986,
22) Krammer & Lange-Bertalot 1986, 23) Krammer & Lange-Bertalot 1991, 24) Meister 1935, 25) Sims 1996,
26) Tuji & Kociolek 2000, 27) Wallace 1960.

Sampling Stations

OB10 OB11 OB12 OB13 OB14 OB15 OB16 OB17 OB18 OB19 OB20 OB21 OB22 OB23 OB24 OB25 OB26 OB27 OB28 OB29 OB30
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Table 3. (Continued)

Halobious
Taxon References

System OBl OB2 OB3 OB4 OB5 OB6 OB7 OB8 OB9
Hantzschia amphioxys EOH 1,2,8 0.3
Hippodonta hungarica EOH 1,2,8 0.5 0.3
Karayevia clevei var. clevei EOH 1,2,5,8
Navicula accomoda EOH 1,8 8.4 0.4 0.6
Navicula capitata var. hungarica EOH 1,4,8
Navicula cryptotenella EOH 8 1.7
Navicula notha SOH 27 34 6.6 1.8 04 04 03
Navicula subminuscula EOH 8 5.1
Neodelphineis pelagica OPH 11 1.7 52 103 156 35 48 99 85 43
Neofragilaria nicobarica OPH 10
Nitzschia aff. N. lacuum -
Nitzschia amphibia EOH 1,2,8 169 39 15 42 04 04 1.1 03
Nitzschia frustulum EOH 1,2,3,8 219 223 93 94 12 04 07 18 06
Nitzschia palea EOH 1,8 3.4
Nitzschia sp. - 0.6
Opephora olsenii MEH 3,22
Paralia sulcata EPH 1,2,4 1.0 35 L1 32 41 17
Placoneis elginensis EOH 8 52
Placoneis undulata SOH 22 5.2 0.4
Planotidium frequentissima SOH 23 9.2 42 0.6 04 04
Planotidium hauckianum MEH 1,2,8 0.3
Pleurosigma normanii EPH 2 0.3 04 04
Podosira stelliger OPH 1
Reimeria sinuata EOH 1,2,6,8 52 05
Rhaphoneis sp. -
Rhoicosphenia abbreviata EOH 1,2,3,8 L7 26 2.1
Rhopalodia sp. -
Sellaphora japonica OPH 20 34 13 1.1 0.7
Sellaphora pupula var. pupula EOH 1,2,5,8 34 13
Seminavis robusta EPH 2
Seminavis ventricosa OPH 9
Seminavis sp. -
Staurosira construens var. construens f. construens EOH 1,2,7,8 1.3 05 0.3
Staurosirella leptostauron OPH 1,8 0.4
Staurosirella pinnata var. pinnata EOH 2,8 34 26 1.0 03 04
Stephanodiscus pseudosuzukii SOH 26 439 92 31 219 09 37 14 11 26
Surirella fastuosa var. cuneata OPH 25
Surirella minuta EOH 3,8
Synedra inaequalis SOH 18 1.7 26 1.0
Tabularia sp. -
Thalassionema nitzschioides MEH 1,2,4 2.1 104 14 48 35 59 23
Thalassiosira eccentrica EPH 5 .1 07 11 09
Thalassiosira ferelineata OPH 11 68 52 52 83 26 15 53 48 34
Thalassiosira oestrupii var. venrickae OPH 11 1.0 06 26 07 1.1 17
Thalassiosira pacifica OPH 11 34 66 7.7 104 12 66 18 74 23
Thalassiosira sp. - 34 66 57 31 12 37 46 44 26
Small Thalassiosira spp. - 34 26 41 73 20 29 35 22 29
Trachyneis aspera var. minuta EPH 2,6 0.7 0.7
Tryblionella coarctata MEH 7 26 05 04 04 0.3
others - 473 288 7.2 188 2.0 44 32 26 09
total vegetative cells - 327.5 255.6 106.6 2024 40.5 70.6 70.4 719 54.8
resting spores - 72.6 82.6 103.2 108.1 34.6 1023 82.7 1173 76.8

Achnanthes groenlandica, Amphora copulata, Cosci- Nitzschia antillarum, Rhopalodia wmusculus, Suri-
nodiscus aff. centralis, Ctenophora pulchella, Cy- rella angusta, Tryblionella cocconeiformis.

clotella bodanica var. affinis, Diploneis interrupta,

Fragilaria capucina, Gomphonema parvulum var. AWFRICBWCERL-ERD S B, RFEH
lagenula, G. truncatum, Luticola acidoclinata, EBRVSeHif A BRI LD IV —¥ 7T
Melosira moniliformis, Navicula aff. N. pavillardii, LERDE IR D,
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Ry Eidcix s (Fig 4,

WA OBEOHPMEZ B S 2T 5 72012Q
E— N7 IRY = EAT>72. EOFER, B
B A (OB1~O0B30) 13220027 5 2% — (AKX
EBRX) (24X (Fig. 5. AXIZ0B1, 0B2,
OB47% 5, BIXiZ0B3# & UFOB5~0B30% & # i
BN, ZOXGEEHEOMNE-RTAS EAKX (E
N2 5 Z O/ 2B X 0 BHEFICALE S
5o BXIZE51232m 7 5 2% — (B1X, B2,
B3IX) fisr&h7: (Fig. 5. 2™ HBIXIZA
X O (E) MIfiE S 25 REEO0B3, OB
5~0B9%* 5, B2X % & & 29 ®0B10~0B26,
B L OBVE 228 o B o i R A R ©0B28~0B30
A5, B3XIZRIVE 22 o AN ALE 3 5 0B274
5ZENFIRER S Nz,

Similarity
0.2 0.4 0.6
1

0.8

1.0

Cymatotheca weissflogil
Thalassiosira ferelineata
Cyclotella aff. litoralis
Thalassiosira sp.
Neodelphineis pelagica
Thalassionema nitzschioides

small Thalassiosira spp.
Actinoptychus senarius

Thalassiosira pacifica
Diploneis bombus

Thalassiosira eccentrica
Paralia sulcata

Coscinodiscus sp.
Diploneis aestuarii
Navicula cryptotenella
Amphora pediculus
Achnanthes exigua

Nitzschia amphibia
Cymbella minuta

%ﬂﬁ Wmm\

Aulacoseira granulata
Nitzschia frustulum
Achnanthidium convergens
Aulacoseira ambigua
Achnanthidium saprophila
Planotidium frequentissima

Coscinodiscus perforatus var. cellulosa (OPH)

Thalassiosira oestrupii var. venrickae

Gomphonema parvulum var. parvulum (EOH)
Cooconeis placentula var. euglypta

Stephanodiscus pseudosuzukii
Aulacoseira subarctica f. subborealis

(OPH)
(OPH)

(OPH)
(MEH)

(EPH)
(OPH)
(MEH)
(OPH)
(EPH)
(EPH)

cluster 1

(MEH)
(EOH) [ |
(EOH)
(EOH)

(EOH)
(EOH)
(EOH)
(SOH)
(SOH)
(EOH)
(EOH)
(SOH)
(EOH)
(SOH)
(SOH)

cluster 2

Fig. 4. Dendrogram of Q-mode
cluster analysis on the diatoms
from OB1 to OB30. Subzones
(Al, B1, B2, B3) are clusters
inferred from similarity.
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Fig. 5. Dendrogram of R-mode cluster analysis on the dominant species. Cluster 1 and cluster 2
are the groups with horizontal distributions in surface sediments inferred from similarity.
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show respective abundance.

Clusters and distributions of relative abundance of diatom valves in Osaka Bay. Dimension of circles
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species in Osaka Bay.
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