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Destruction of radiolarian tests in dried sediments
Takuya Itaki*

Abstract Radiolarian concentration and their faunal composition are compared between each pair of dried
and wet materials of 24 sediment core samples from the Japan Sea. The number of radiolarian individuals in
the dried material was generally smaller than that in the wet one of the same sample, indicating destruction
due to contraction of the sediment during the drying process. Such a decrease attains up to 95 %, and is 48 %
in average.

Each species has a different destruction according 1o its resistance against contraction, Ceratospyris borealis
with a fragile shell structure is the weakest among the major five species in the cores studied. Faunal compo-
sition is altered by drying especially for the assemblage dominated by such a fragile species. In this report, a

technique for desiccation of sediment samples is infroduced for quantitative radiolarian analysis.
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Table 1. Variability of weight, water contents, and number of radiolarian shells between the samples before

and after dry-up experiment.

Sample Depth in core] Wet material Dry material Water content | shells #/ slide RC[wet] Dec. rate|
KT%4-15 (cm) Wet wt. (g) | Wetwt. (g) Dry wt. (g) (wt. %) Wet Dry Wet Dry (%)
PC-5 1-2 36 0337 0.776 0.299 61.5 497 283 1475 365 75
1-3 6.0 0414 0432 0.137 683 546 315 1319 729 45
1-5 10.8 0.258 0.216 0.074 65.7 27 150 1050 6954 34
1-7 15.6 0348 0.188 0.068 63.8 478 133 1374 707 48
19 204 0387 0.260 0.077 704 502 194 1297 746 42
1-11 252 0.658 0.165 0.054 673 654 9% 994 582 41
1-15 348 0.713 0.480 0.211 56.0 401 54 562 113 80
1-16 372 0.730 0.506 0.211 583 136 92 186 182 2
27 56.4 0.881 2.230 1.099 507 214 20 243 9 96
29 61.2 0.592 1.982 1.004 493 121 60 204 30 85
2-11 66.0 0.774 17 0.888 48.1 96 47 124 27 78
2-12 684 0.782 1.878 0.945 49.7 316 T76 404 413 -2
PC-9 2-1 13 0350 0.535 0.188 64.9 413 386 1180 721 39
2-11 26.8 0458 1.033 0415 59.8 818 1768 1786 1712 4
2-31 782 0.802 1.007 0.468 3.5 273 169 340 168 51
3-25 158.0 0.860 1.248 0.612 51.0 201 117 234 94 60
3-27 162.8 1.039 1.509 0.733 514 291 339 280 225 20
3-28 2652 0.726 0.684 0.326 523 187 114 258 167 35
332 174.8 1.193 1.212 0.571 529 364 198 305 163 46
45 209.9 1127 1.544 0.795 485 268 141 238 91 62
46 2123 0.690 0.967 0.510 413 252 129 365 133 63
4-10 2219 0.779 1.650 0.848 48.6 193 303 248 184 26
4-20 246.9 1.070 1.187 0.621 41.7 281 %4 263 79 70
4-25 258.6 1.027 1.376 0.856 37.8 302 164 294 119 59

BlERA74 KA 5 RHAL, 2vFS5ve=a—
THALK., OB, #/5—# 7 2324mm X
50mm DbDOEMHALE. > —HoEK,
KB0CDA—7 VN THIE L., ZOHES%:
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5 — MEERR L 12,
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WE-TWBb0% 1 &L LTHRY, fERRL
LS — P REEFNELTORBRMEERL %
L. chib i TFidoRXTREER 1g
My OME RM AL (Radiolarian Concentra-
tion [wet]; RC [wet]) #EH L /.
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% 2. HEFEYRKE (KT94-15, PC-9, 2-17)
Zl0NE Lz 2nENFhICEE N
Bl AR (RC [wet]) &2 oD
R

Table 2. Deviation of RC [wet] in ten mate-
rials separated from a sample
KT94-15, PC-9, 2-17.

KT94-15, PC-9, 2-17

Wet wt. (g) #/slide RC[wet]
0.269 274 1019
0254 300 1181
0.250 255 1020
0.264 278 1053
0.285 302 1060
0.267 252 944
0.132 155 1174
0.097 98 1010
0.071 &3 1169
0.085 88 1035

Average 1067
Minimum 944
Maximum 1181
S.D. 81
S.E. 27

1 K& £1 % RC [wet] D95% (5 HHX 1] 12
T76%THD. InEiEAEICbEHT S &,
#915% % kAl 2 2 RS thE 4 2 Wil « okt
B g, MFCHEBERENHD L L FR 5.
KRR TR, 248D 5 5215k <k &
A AHI20~95% Db HRE R LI (K2, &

1), £/, Eho 3alkEHIREOHIPINICE
Nb, TOLHIT, BEEEEIETAEICL-

T% < Ok TR AEAZE L Wb L.
K3, [EULEHEICEETNS KSR
Ceratospyris borealis (Bailey) DHIL%E /K7,
R TRESEK (K3a) HEFELALEEL
W5, —F, wEsENC 3RS (K 3b) A
2 D BEH, IhoDFEKICIIAMOILE L
ABONIBV, TDESIT, WO T
DIRFEEIEEE G A TV A AfeNH 5.

1500

KT94-15, PC-9, 2-17
~Average = 1067 shells / g

1000

500

RC[wet] (shells / g)

K1, [6—&k (KT94-15, PC-9, 2-17) 8 3 lk
BohiAR (RC [wet]) D&

Fig. 1. RC [wet] of ten samples from KT94-15, PC-
9, 2-17.

BEMBOZE(

iz, ARt S BRIk o2& it L
TR 5. EECH O D I iR 1,
WEFNRLTINEDIED 1 ~2FNE LT 54
cE VWb DTHZ (K4)., TOEE
3K 5 1c/Rkd 5 F ; Actinomma boreale Cleve,
Larcopyle butschlii Dreyer, Cycladophora davis-
iana Ehrenberg, Stylochlamydium venustum
(Bailey), Ceratospyris borealis (Bailey) ®\g"
nN»Thb.

X4 2= 5 &, BEEUE &g R o B
EHEAHMICRE 20D E, £5THLHDH
HY, N OOMNIITERERICBE S 2 B SR
N TcEs. $18bB, L butschlii % S.
venustum 5T Akl TR, ThiEEKED
HELtrBH OB VOICH L, BT
C. borealis 73859 2Kl T3, R ORE T
COFENELLRDLT 2. Thid, Ao
RO EAE D & 15 597, Bk s h BRI
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Fig. 2. Comparison of RC [wet] between wet and dry materials

at each sample.
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Table 3. Contraction rates during drying proc-
esses. An asterisk ( *) shows the sample
used for the comparisons of radiolarians
in wet and dried conditions.

Sample Volume (cm”3) Contracted rate  Remarks
KT%-15 wet dry (%)
PC-5 1-5* 10.65 338 683

1-6 10.65 3.38 683

1-7* 10.65 3.38 683

18 1065 2% 2.4

1-9* 1065 3.15 704

1-11* 1065 274 74.2

2-2 10.65 338 683

23 10.65 4.10 61.5

24 10.65 3.60 66.2

2-5 1065 3.8 63.9

2-6 1065 3.8 63.9

2-8 1065 6.50 39.0 thin laminated

2-9% 1065 58 452 thin laminated

2-11* 1065 6.16 422 thin laminated
PC9 2-11* 025 0.08 70.4

3-28* 038 0.23 40.7

4-6* 0.72 0.43 404 thin laminated

Average 60.2

X 3. [E—RAk =N (@) LU (b) REETULEEL £
& ZDfgiid (Ceratospyris borealis) DEIEHE.
(a) ERRETRBHEEREDEVDIHL, (b) #%
BIRETR COMOFKOL  MIHHLTVWE, 24—
Ve /N—(3100 £ m,

Fig. 3. Tests of radiolarian species Ceratospyris borealis in
the wet material (a) and the dry material (b) of
the same sample. Scale bar =100 ¢ m.

RO OB T EROMENE L, C bore DI EofERE, SO L < 5275 5 i
alis (IX5-2) DL S ICHOVER» OB AN —aRhc@bfE LA ETh 254, KB
G EmI A e B, Fi, EEMLENTE VA B RO TAKOBEME S K E CZ(LL
boreale & C. borealis %, FBRE (r) v h TLEHIEAERLTVS, TOXHBHBICE
FN0.72L052TH Y, fho@ oMLY &K AEEAKCHEOLIE, HlEY T 55
W, COEOHHBEBEEE S KE VT LT AR LA i, HhicEENn s e
RICE S 2&EMHTVLBE I EERLTVS, 4k, TOREDOHIBIE ZH 5 C EpnTENE, ik
ik & v bR T RC [wet] 20 FHcAh 2 LMk, Sz hic BT 24K
G OPOETED SN AL, ThEHERID  EECED oBHEHIEKEHEE T = 5 alREMEA S
DAL DDA B TH - hebEEA A, 2L, TOBERMIRIC L O EKOMEEL
55, BEAEAEEHAEICHELRTNER ST L
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Fig.4. Comparison of radiolarian assemblages between wet and dry materials.
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5. EBFAKRPICEYOSNATESFE. (1) Stylochlamydium venustum (Bailey), (2) Ceratospyris bore-
alis (Bailey), (3) Cycladophora davisiana Ehrenberg, (4) Larcopyle butschlii Dreyer, (5a,b)
Actinomma boreale Cleve. R/r — b« /N— (3100 £ m.

Fig.5. Five major radiolarian species in the cores examined. (1) Stylochlamydium venustum (Bailey),
(2) Ceratospyris borealis (Bailey), (3) Cycladophora davisiana Ehrenberg, (4) Larcopyle
butschlii Dreyer and (5ba, b) Actinomma boreale Cleve. Scale bar=100 x m.

(B2, AEBRTHROMEIGERELE LTRES L
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HABO DX L TH 5).
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VOS2 IREE T IR EH LN TES
(FERIZ D, 1995). T BFEHHEREZTT-
12E T A, HIRO XS R EROBETERRL, M

A OEE LD SED SNLh - 72,

Lin Lo, dSigesaiicess &b
5, TOHENTCIL—RLTEEREZIC W,
FIT, REOFEL LT, AREERsEE
LR RO ERINT 21T D HikaEZ BULE
Mrbz, zovEo0FRELT, KB
(1983) MWRLILXHIBEREY V7Y v /it k
BhEBBEFONSE. UL, ZOHETIRBIE
ICEEARE LT VIR DR ERE 5 &5
kv, chucxt L, FHRAE, B> S
ek o B E R 72 0 OMEEE RS 121,
DFoks@hEciELTcws (K7).

(1) 138X EHRAE%Z 200D, £hzh
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Fig. 6. Correlations of RC [wet] measurement between wet and dry materials for five selected species.
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RC = Radiolarian Concentration (shells /g)
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Fig. 7. Non-dry technique for preparation of quantitative radiolar-
ian slides from marine sediments.



ft A 65 (1998)

BRCfTh BB oan,

2 BHloviol, LREHUIELAEKEE
HH9 5. CORBRERNEROFEHL, sy
riciV 2 REHZE LT 3.

@) bH5—FHoFkE, BEREOFTF6E3um
D3BVTKEVT S, HFiZid44um 74
LmD3BVEHWSE I ENHBEHB—BHNT
FEAQAN

4) CoEBEZzOFE, FEEYBTRICHE
TERELTHERARET S, Moore (1973)
% Roelofs and Pisias (1986) 7 &k 5 5
TEBMIE T 195 — b 2EK LAEYIBAMEE T
HEST 2008 BNTH 3.

(6) MEL K& T N 2 EEREEED 5K
TR LR CTHBREREY O OB A
(Radiolarian Concentration; RC) #&Hd 3.

P bk, BERETRESIN DK
SWTHEMTH 3. UL, BEIRETSH, Mk
(1994) HHEAHR, SIERH LI XSS, EHIREK
BT 5 EICk BBMIERT & ORI LTt
ROMICTE S\, 2D 729, RIS i REHIE
NROVEICET 2 0h40FF LW,

SEIOERER T, BERA ORI %
BIRRET 2546, AR oBREp < TRPH4
ETHHILEERLTV S, EEOBRDOREHI,
BHREEIR T B, L R2=,%y 7 EDOEH
OBV E ) RICANKDIOEFKEEPGE, KB
REL TR CIc X 2B oZEIHIE L TV
3.

Bbylc

SEOBBEBEOAENR E LIZERTIE, Bl
REEOHEREMA I 2R T 5 LIk ZDERK
BEEs N, BEEROBLP S & DRSS
BIGaNH B ML, LL, 22T
FRHLEEETNTAABEO D THY, fho
W T SRS A U 2 B BHERL T
B, B LBABORENT, BEREYE L
BNE L BURPHBSEIHEESTH S, L
fehd-T, Ih&RERIMEKEFoHERY), #F

ZATHRWKIE, HEhikie, BFLHEKE, 33
ZERYE, FRERLIEE DOHBREREITV, S
BRI T 2B EHRT A LENDH L LEZLS
na,

g (1994) &, HAplzRHMKEST 2 &
THILRBRSART 2 L2 MELTVWES, 1,
Z Oz AL AR O LELBTRIC B 1 B A
BHECEETSEEZ 50 5 (Hodgkinson,
1991). Th oo EFidT A2 &id, 5%D
LI MEAEYFICEETHEEEL TV,

O

ALHERERFE R F BB BRI E T R O KB
PUER BBz I IRBICBIT 2B E 2 BV T 5 &
EHICHBERB L CTIEW . JtimE RS MERER
BRI ORSSDEER, MRS, &
HPHEsE 6 L AR RIC I ATIRER ISV
THFHREEV., KRmOBER, FHERFOH

SR AR E LI By sk
ULboF#icktlBL LT 5.

X #

Abelmann, A, 1988. Freeze-drying simplifies the
preparation of microfossils. Mictopaleont., 34,
361.

Hodgkinson, R. L., 1991. Microfossil processing: a
damage report. Micropaleont., 37, 320-326.

NP RE 1994, BAMEREE, R (ODP Leg 128
Site 798) DOEABLEE. AR, 16, 685-
690.

Moore, T.C,, 1973. Method of randomly distribut-
ing grains for microscopic examination, J. Sedi-
ment. Petrol., 43, 904-906.

Roelofs, A.K. and Pisias, N. G, 1986, Revised tech-
nique for preparing quantitative radiolarian slides
from deep-sea sediments. Micropaleont., 32, 182-
185.

K, 1983, BEI7OWMEICB T 5—ERRBY
7Y vy OEEMW. {bh, (34), 33-40.

IR - JIIESmE - KEB&, 1995, SKEKEE
HEREYI DIERS B & BRI, I, 101,{ 941-
944.



10 FOSSILS 65 (1998), p. 10-30

A/ \RBICEITIEERFRDOL/TIENRFRbONS
HXHERERE LS T+ / 2 —

Rifardi* « KARRNZE**

Relative sedimentation rates and taphonomy inferred from the L/T! values of
benthic foraminifers in the southern Yatsushiro Kai (Sea), southwest Kyuishi,
Japan

Rifardi* and Kimihiko Oki**

Abstract The ratio of the number of living specimens to the total number of living specimens and empty
tests (L/T! value) of benthic foraminifers in the bottom surface sediments has been used as an index of rela-
tive sedimentation rate at each sampling station. In an attempt to clarify whether or not the L/7T! values can
be applied to shallow and semi-closed inland seas, where high energy current system persist, we analyzed the
benthic foraminiferal assemblages in the topmost sediments of 73 core samples collected from 74 stations in
southern Yatsushiro Kai (Sea). The L/T! values were calculated and compared with the sedimentation rates,
which were independently estimated by the vertical changes of mercury contents in the cores. It has been
shown that the L/T! values near the straits influenced by strong bottom currents were higher than the ex-
pected sedimentation rates, suggesting that the foraminiferal tests had been transported and/or destructed
after death. The L/T! values were also higher in the area of fine- to very fine-grained sand substrata surround-
ing the straits, a result which can be explained by the post-mortem destruction of the empty tests especially of
the species that have a thin test. Furthermore, the L/T! values in nearshore areas were lower than expected,
probably reflecting the extraordinary rainfalls in the last few years that supplied an unusual amount of sedi-
ments through rivers. These results indicate that the L/T! values need to be used with caution when applying
to the sediments of shallow inland seas.
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MIEHIEX] & e A (Rifardi et all, 1998iC & %; FiFEMR 12 10mERE; Ak: KE RE; As: RETE; Hn; i
/ B Sb: %£5; Go: Al E; Sh: T8, Ik: #EE; Na: BE; Ki: BE@NEF; Gn: T/ FL#iF; Mf: H W
s Ir REEF; Kr: B2#P, Nd: Bl Kn: K7 @)1 Mi: KR Ts: #B&AK; Ss: 280111z HHkh;
Mc: JKIET; te: EEZRAHT; at: FACHET; tn: HIBET; Mw: KR, O: HERMIA £ - 12 RINT X 1 - o).

Bathymetric map showing the sampling stations (after Rifardi et al., 1998; contour interval 10m; Ak:
Amakusa-kamishima; As: Amakusa-shimoshima; Hn: Hino-shima; Sb: Shiba-shima; Go: Goshonoura-
jima; Sh: Shishi-jima; Ik: Ikara-jima; Na: Naga-shima; Kj: Karajiro Seto; Gn: Gannoshiri Seto; Mf: Mefuki
Seto; Ir: Ikara Seto; Kr: Kurono Seto; Nd: Noda River; Kn: Komenotsu River; Mi: Minamata River; Ts:
Tsunagi River; Ss: Sashiki River;Iz: Izumi City; Mc: Minamata City; tc: Tsunagi-cho; at: Ashikita-cho;
tn: Tanoura-chd; Mw: Minamata Wan; open circle: no samples).
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Silty Sand
—— Sandy Silt

X 2. EEKX.

Fig. 2. Distribution of character of bottom surface sediments based on the proportion of sand, silt and clay of
the Shepard’s triangle.
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% 1. SHAICBY 2EFRROBRMEEE, SAABEOBKRORMEE, LT E, ETHE FERICthofE®s, oEl
SHHER L - BB oMEK, BXUTTHE

Table 1. Data on the number of total and living speciments, the L /Tl the ET and the TT values, and the total
number of empty tests which are derived from the other area in a year (TE-T!,year).

Station | Depth (m) [Number of Individuald L/TI Value | ET Value TE-TI TT Value
Total *) | Living *) (%) (%) Year (%)
269 2 222 974 <2746 11.34
X 321 5 8. 82. <800 8.76
4 . 371 4 15. . .85
7 28 46.. 48 .21
A 6 29. .82
| 1 25 . <3633 4.66
28. 4 0. 242
4 14 4 4. 385
[ 5 259 22 624 4 27.68
6! 8 87. 6223 10.23
K 3 1 . d 9552 2308
29, 0. 18 . X 1276 25.03
25. 1 10 . . 883 375
36. 256 4 . 94.1 15.18
35. 36 4. 83. 2843 28.35
33. 71 8 X 75 440 3119
33. 44 14 2. 794 3436 39.03
28 7! 19 4. 58. 338 2552
20 42. 32 4 8.5 4 3307 30.07
4 8 4 X 933 2192 |
35 .. . 1681 45
4 A Rk 996 464
4 X 46 . 58. 1322 357
25 42. 2 84. <4390 07 ]
26 38. 402 26. 91. 265
27 38. 282 5 294 95.. 7462
28 7. 263 12 4 2. 4991 .
49, 50 8 Y 4 260 |
I 74 8 X 4 3642 3484 |
40 7 14 28,6 0 5920 2571 |
42. 13 22 5. 1991 25.11
38. 4 8 24 4.4 2612 20.25
K 28 6 21 [ ; 287 245
35 52. 2 12 0. 147
6 40. 4 79. 425 20.25
7 40. 20 19 21 8.12
43. 351 449 6.36
37! 340 0 3 933 1.18
4 32, 368 i } 43, 450 304 |
4 40.2 29 0 . . 7378 25.86
4 46. 44 1 25.! L 7.
4 42. 470 13 <470 57
42. 6. 4 24, 8. 1866 X
45 3 44 5 14 78. 2578 43.
46 3! 262 26 X 52.5 340 6/
47 54 79 14 .4 7.14
4 44 2 16 4 8.67
4 4 4 8 30, 3 2 9.24
454 13 k 18.4 4 4064
404 05 9 9.7 718 53.29
4. 79 44 4. 417 137 2098
52, 57 4 4 8.33
50. 7 4. K 638 34.73
55 . 22 20. .4 2307 4045
56 4 38 p 51. 859 4156
57 1 229 29 49.! 20 214
58 2 4 12 83.! 154 45.93
59 1 4 25 784 14 49.96
i 53 28. 45! 87 .34
42 38 28 5 . 188 4182
46 350 3 125 . <211 4.16
40, 329 55 30 X 219 32.04
4 0. 25 . 4.4 151 21.21
85 X 42, . 6.8 29 12.1
(] 4 48 2, 568 25.76
87 308 22 524 358 23.38
68 46 349 29 61.! 8417
69 32. 283 49 K 5. 366 2386 |
70 45. 56 4 50 92. 25.0
7 31 19 4 I 330 2&24_+
7 30 43 218 15.16
1 46. 28 9
7 0. 54 94 <57 1382 |

*) Numbers are actually counted.

ET Value: (total number of empty tests - total number of empty tests of living species)/total
number of empty tests = (TE ~ TI)/TE

TT Value: total number of living specimens having thin tests/total living population
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1t

X 3. L/TI 05K,

Fig. 3. Distribution of the L /7! value.
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M4. ETEOSHK (ET EOHWIZE 1 28H).

Fig. 4. Distribution of the ET value (see Table 1).
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5. 1EMIcihofFms 5@ NHERE L 7o aligtt o & ViR O fEEE (TE-TL/F) D530

Fig. 5. Distribution of the total number of empty tests which are mainly derived from the other area in a year
(TE-Tl/ year: see Table 1).
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cm/S0 years
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21
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X 6. HERGHEE 044X (Rifardi et al., 1998).

Fig. 6. Distribution of the sedimentation rates (after Rifardi et al., 1998).
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Fig. 7. Diagram showing the relationship between the L,/ T! value and the sedimentation rates.

BRAHEMES) DOEEEERD LD 2EE (TT fE:
thin test value) » SgBATE 2 (X11). ME5
BRERFOELEGTILRTELINEI, Reophax
scottii, Trochammina charlottensis, Fissurina
cucurbitasema, Bolvina striatula, Bulimina
denudata, Rosalina vilardeboana, Nonionella
stella, Pseudononion grateloupi, Fursenkoina
schreibersiana 2 EThH 5. Th oD REBIE
& O em TOHBRYHICSEEL TV LD
BENTVAEY, IhsoBOBEMEYIcE
FAREESMVBEDLOLBVERELT, EEHED
MEBEZSAAREHOEVWEE Ilcm & Eh B
HEAEROBENRE LIc, TORM»S, 11HIA

IZBI1F BIESS SRR - 1R OEI&1219.2~
37.1% 7T, FEEOHEERT. BEEOKER
DFBPRATOV SR O T 2HEH T,
Mags7s EA B FLEEMRIIEN LT, ZORE
MR AR OES (L/THE) PEiE-s 1
LEZIOSND, DT ER, L/TIEOE VILH
MOANMUDHERIC TS 5 10H1S T, MEggs
M- L EAEEIL RS ARED40% IR %
HEHTVWBICbhhbod, HMAHREE L
/TLE) EIKBREM@E, SEpNIHBERE SR
WHBERT S EEFET A LDILAX B, 10
HEDONH Y 2R TIEBRSEEL, MEieuak
o KIEEELROSEERBEEDOYMEL 2 HD



it A 65 (1998) 23

8. HERGEE IS L TEV L/ T EER MR LBV L/ Tl {EE R o 53 hK.

Fig. 8. Distribution of the stations having the high L,/ T/ value and low L/ T! value to the sedimentation
rates.
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K 9. BEXRBHEBYODRIERME (Mdo) 04K (Rifardi et al, 1998).

Fig.9. Distribution of the median diameter (Md ¢ ) of bottom surface sediments (after Rifardi et al., 1998).
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X10. BEXBHEYMOZRER (%) O2HK (Rifardiet al, 1998).

Fig. 10. Distribution of the mud content (%) of bottom surface sediments (after Rifardi et al., 1998).
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Fig. 11. Distribution of the T'T value (see Table 1).
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Table 2. Annual precipitation (mm) from 1993 to 1995 in the areas around

Yatsushiro Kai.

1993 1994 1995 [Ave./30 years
Hitoyoshi 421 1339 2671
Yatsushiro 3181 928 1905
Tanoura 3549 1019 1831
Minamata 3628 1126 2039
[zumi 3853 1197 2331
Kumamoto 3369 921 1875 1967.7
|Kagoshima 4022 1616 2759 2236.8
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