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Observation of radiolarians and their symbionts —On discoidal Spumellarida

Atsushi Matsuoka*

Abstract Light microscopic observation of discoidal Spumellarida and their symbionts reveals that species
belonging to the Family Spongodiscidae, Dictyocoryne truncatum, Dictyocoryne profunda, Hymeniastrum
euclidis, Spongaster tetras, and Spongodiscus sp., commonly possess reddish-brown symbiotic bacteria (<1.5
pm in diameter). Euchitonia elegans of the Family Porodiscidae has both yellow symbiotic algae (5-8 yum in
diameter) and symbiotic bacteria. The number of symbionts and their distribution pattern in the host differ
among species, suggesting that the observation of symbionts is useful in distinguishing species which have a
morphologically similar shell. ,

Laboratory-cultured radiolarian specimens move their symbiotic bacteria to the axopodia which are located
near the light source, strongly suggesting that the symbiotic bacteria are photosynthetic organisms and that
the host radiolarians transport them towards the light source to enhance their photosynthesis activity.

Symbiotic algae and bacteria of E. elegans differ in their relationship with the host; the former disappears
while the latter remains within the host when the host becomes weakened or dies. This indicates that the

symbiotic algae are ectosymbionts and that the symbiotic bacteria are endosymbionts.

FLHIC

HEETO BB ZBMEE cHigEd 5L, 20
RO LSICHEEDN S, hISEEREAS
DTHEGEGHHH, HWEEYICXELETH
BREWV, BEESIEEEYE S > T0B T &R
H oL TV (Huxley, 1851) A3, ki
Y OLEE P HAERIROFE I > W TIE, S8
WET DI & R FEDOFEER T DOWENL & & 127180
NS 578790 - Fo. 1970 SERLIEE, R O/
PSR IC X b, KRS EEIILAEEYE b
> EBH LTSN (Anderson, 1976, 1983;
Anderson et al., 1983a; Anderson and Matsu-
oka, 1992; Cachon and Caram, 1979) . £+, =
WEEER % & 38 U T EaliE B 18- T
W3 &R, HAEEYNC X 2 EERRAE B SR

TR R SRR E
1992 4F 8 H 22 H=24F, 1992 4E 9 A 29 HM

RicHlEESLTVDE T EMERE N (An-
derson, 1978; Anderson et al., 1983b, 1985, 1989
a) .
wHAEROFDICHBLL R, e ho
Ric S S F Ay E AR E BRSO B]
Wl -TWw3 EEZ NS, LAY EDRN
oD IL, HEHROMELDEE THESERKT
HoITEVKY, KR oEABIRITHO>VWT
BRIl E o213 dH 508, ook
P oahiE, TRONLBITOVTORES
FKIRF =7 LS EV) ONEETH L. Kk
XTI, IS K IR AR OB I &
HBIEHERAZR L, HAERRE B L TAIEE
HOFEHAR & R OREIC O W TEERT 5.
LTI T, ERIRTAR Yy YEZE LD
Spumellarida H (Spongodiscidae & ¥ & O
Porodiscidae B ZH 0 K\, HFfEEE LTD
HAEm ORI VT N3,

NI | -El ectronic Library Service



The Pal aeontol ogi cal Society of Japan (PSJ)

. £ 53 (1992)

R OIS K UBESE

& o R ORI N VN K 2R B A 2
km 4 Y THEOERBHAK Gm LK) kb, 77
Y7 bV Ey FERGIOTERINU . EIAREEEEO
bETHELIL 7T V7 b v OIEEHRESBEL,
et B D 43 A 5T R0 R R D IR S A TS &
gLt Fi, KELNBERAHMTES XS
U7 E%EE (Andersonetal., 1989b) 2 b5

,mﬁﬂlﬁﬁﬁﬁéﬁ7lakkﬂfﬁ§£
ERAREM U, GRS LTiRapekT 26 L, fH
HKEO T HD» OB EB T - 7o, HBIFER I
B8 L8 E T 12K & L, £ hlid
O IRFAEEE CEVE L TR L, K
1, s oA ) X A OEELAE R/NRICE &
Z Bt-dic, BUARBANICB T8 -7, 408 111,
BN EDEEEME S & b LT o 4 X%
Al 5 &bz, WS OPOEEERE L T

%13 1. AP MEY 2 BEEA S LT

&, HAEYORE IR, AT, KERoE
WLBIS Ehid 5. LAY OB L UG
DOHFEINZE LA & 52 B 7edic, HERpZ A Tl
— R R DB R & iR L 7.

w R

HUEL R & A A D SR BB R

LB T OERIC R D, SV K ZEHED
KEHKP OB ONICT RTOERRTR R v ¥
# % & o Spumellarida H o fig#s, 9745 b5H
Spongodiscidae §}® Dictyocoryne
(X 1-A, B), Dictyocoryne profunda, Hymeniast-
rum euclidis (X 1-D, X 2-A, B) , Spongaster
tetras, Spongodiscus sp. (X 1-C) ¥ & ¥ Porod-
iscidae #l® Euchitonia elegans (X 2-C,D) it
SRR e, BT Licd X T o itE
LT, e om/MNERD (L.oum) X
D/NE WIRBBOIEAYDRD Snte. KES
DOYMI LTI F YT THSEEEDLNBDT,
Plig, ki xy 57y 7 & X35 Porodiscidae Blo
Euchitonia elegans TiZ, K/ 2 FfHOIALY)

D LN (X 2-C). /pEWhid bl

truncatum

21

75 T7TT, REVWHEIKRE (BEX5~8um) T

WO IEFEETH B.

Hrpony 579 7 OBBREIC L > TROPES SN
%. H. euclidis & E. elegans 3 b - & DIk
By 59 7% H, D truncatum 3% 10 5 I1TIR
& . D. profunda I Y 79 7 id—HRiTDIR
W . S. letras & Spongodiscus sp. iIZDW T, R

COEBIBDIE B ED LT EROVABVA, D

truncatum ERFBREOLLENNI F Y 72 EDERE
bhs.

Ny 5 ) 7RO REEE X e (axopo-
dia) K- THmd s (X1, 2). Shlk-79
NCORBRBEE oM T 7 V7 7Y = VA
(axoflagellum) & FREIEH % MR OEKIETS A &0
B 1-C) », Wy sV T7RTIvV T 5
T2 WAITALNDE T EREBV, BRIy
5 1) 7 A& &> H. euclidis, E. elegans, D. trunc-
atum T, — ol I HEBENEEICA S0 5
S8 (K 1-C, D, X 2-A) Uil 0578 EREE D
BicBE T 286X 1-B) 8 E WL > D4Ah
BAs@Ewonk, DEoOEN7 F )T LD
f2 15\ D, profunda TlZ , A7 7 1) 7RO
RAPERICEF RIS IALNER T TH -, H
Ny 5 ) 7k, BEROFIZERENC X 0 e
DEIRI O SFHRE A, F 13 E oM X BT
%, ZoEENL, SEHoTXTOETRED S
.

R, e A S I X B CERER M)
KA 20, ENy 57 722 oE
i, BEEEICSMLEL. $hbb, gy
FYTEREOEEE BB VIEINEN D B5E, K
Bodid & 7278 Wil E D A A G & B TR IR &
H¥d 5.

E. elegans OIAFE R, e 7 v 7 5
Ve VATRALNT, BRERELICMNELTY
3. ko RERICHA LT, KREWEEE
EEModEEEAE &, AR IV E NS
FY)TICALNDS LD IEEEE MRS TV
W,

REERICLIEE
1 ARy O E kDAL

NI | -El ectronic Library Service



The Vlsal aeontbl ogi cal Society of Japan (PSJ)

22 FOSSILS 53 (1992)

NI | -El ectronic Library Service



-The Pal aeont ol ogi cal Soci ety of Japan (PSJ)

1t £ 53 (1992)

i & L7z D. truncatumd FIR O 4 X, e
DEE, A&7 7 ) 7OBICHOWTORNB X
CEISEREZX 3 D A~DITRd. Th S ok
(3L IR 35%0 DI MK T 28°CITff - THi
Banf, WIhofiks 20 HEREEAEL , &
HENT8~90 ym OO %708k L. Bl
EDOEXDEIZ > W TIRBEEBTA X 7821338
Yoot $HbLL, ¢TRTOMEFICEL
T, B EENREE - 5 U TR WIRESHER X
0, EEHROKRBICR L R, Ny 5y
7O L T, FAA TR, AEPEES S
CTEWIRES X CHEFf s cwizoestL, M
ADcRFHEMovIlicos I Ny 5y 7
R oSNNI, i, KB C TR, BT 5H
ko s sy s sNizD, AbH
Dofch L, ToXHic, 4N 7Y 70K
D Z OB Z b > W TR & RS
REW,

Ny 7 ) 7T RELETTEL, SHEEFTICD
WTHLIELIEEMDBRED Sz, Bl—fEo
H. euclidis 1= >\WT , &% 1 HEHOFE 3
BBLU3IHEF®RIHORELZAZTNIK?2
-A, X 2-BicRd. 1 HHICREH oI, 7 5
) 7 HS—ER DR ITHY 5 TEITHH LT3,
3 HH BRI  WEE L T,

2) M Ny 79 7 DRSS

EE o i3 F YT EEDbD L
CbRBEWLONH BT &R, S
TiE, —fcdd Ny 5y 7E S OESEE D
BiicRET 5 EBHSITE - 12, BIZIE,

23

FEOBFHEL 5OV 5 iE Delmic BT 515
& (K 1-B) PEHARDZHEDR-flH & 0 B
WRET 5546 (X 1-D) BEH s, wInod
BaTh, HENTF )T RECHEBEY S RAED
Kl (F78b5NE) Wi vWiidicmELL.
DHRRIEHOIAENNY 5 ) 7% & D H eucli-
dis & D. truncatum THERIN TV 5 .

3) Euchitonia elegans i« % 6 % 2 ¥ o 4k
)

B L7 & DT, E. elegans W3R/ 2 FEFE O I
HAW), $sb BN (BEE L bum 2IF) odbA:
Ny F )T ERR (B S5~8um) DILAEEE
b, 2-C I I EEBRBAGOEH A HED
D, X 2-D i< ZE—#itAD 2 HHOREZ/RS.
1 HEw W, A ~xg 5y 7 SIS E b
A otch, 2HHEIWKE S EHAEBESF 5724
H o, N7 F Y THRORBIHICEE - T
Wiz, 2 HHER, Coffiffic i3 sz h
Bhp-7cDT, 2HHOKRTIOMAKITETEL
TWhehbsdVWiddTiET LTVt Ebh
5. ZOXESICE. elegans Tl , 2 koI
MR E DO OB ICE VB DH B &
PHI L. %5, 2 HHOMEA 5 2RE ORI
AR I FE & 1 B BRI STRY SNk

5 =
HEND F U7 ORE)ERERO SRR

oy 7 ) TR DO e T
h->T, WL 2PORHEKRAE L 5 EMPHIERS
N, FEBERBR» S, BT IHEICX -

X 1. BEEROETFEMEEER. R —v/x—13 100 pm.
A; Dictyocoryne truncatum. 1 KO ORMEICILE N7 5 1) 7 (Sb) HEHLLTVAS,
B; Dictyocoryne truncatum. 1 KD Wih & O P 5HE o seigictd 27 59 7(Sb) O
HEIR A LN B . C; Spongodiscus sp. —IBDHE It 7 51 7(Sb) BNFHET 5 .
Af. 77 v 75V 2 v . D; Hymeniastrum euclidis. 32D F 5D 3B ICif-> T

detgoxy 79 7 (Shb) BT 5.

Fig. 1. Photomicroscopy of radiolarians. Scale bar is 100 ¢ m.
A; Dictyocoryne truncatum. Symbiotic bacteria (Sb) are concentrated on one arm.
B; Dictyocoryne truncatum. Clumps of symbiotic bacteria (Sb) are located at the
end of axopodia which extend from one arm. C; Spongodiscus sp. Symbiotic
bacteria (Sb) are distributed in some axopodia. D; Hymeniastrum euclidis.
Symbiotic bacteria (Sb) are distributed along axopodia which extend from one

side of the discoidal shell.
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Fig. 2. Photomicroscopy of radiolarians. Scale bar is 100 ¢ m.
A-B. Hymeniastrum euclidis. A. Symbiotic bacteria are along some axopodia (day
1, P. M. 3:00). B. Symbiotic bacteria are near the shell surface (day 3, P. M. 8:00).
C-D. Euchitonia elegans. C. Symbiotic algae (yvellow) are near the shell surface,
while symbiotic bacteria (reddish brown) are in the axopodia (day 1, P. M. 0:30).
D. Only symbiotic bacteria are near the margin of the shell (day 2, P. M. 3:10).
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Fig. 3. Growth curves and changes in length of axopodia and abundance of symbiotic
bacteria for four specimens of laboratory-cultured Dictyocoryne truncatum. The
measured dimension of skeletal size is given as the largest value among three
values of the dlstance of a basehne and arm apex of a triangular shell. The initial
and final sizes are glven in parentheses Thé star (&) at the end of the growth
curves indicates the death of the organisms. The letters, L, M, S, and N in the
length of axopodia represent long, medium, short, and none. The letters, A, S, F,
and N indicating abundance of symbionts are respectively abundance, several,

few, and none.
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