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Orthograptus ci. attenuatus Rickards
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(FEB¥EHEEMETEYFR,.ER  210008) (PR IF#BE, R 710054)

n B RE

R Orthograptus cf. attanuatus Rickards B, TREMAEFESL TEILE LI R
A, XEAERENERRE.

x®A Eagk RIER4A

1985—1986 4, 3 Z — (BRI B 74 %2 Hh B 2 5 A I 89 55 72 BR 74 3 AR A8 A TR 3
. EZTEEERSBRATHRRBEAENREK, B E E N Orthograptus cf. attenuatus
Rickards Z G %, LI E A A Oktavites changyangensis (Sun),O. sp. , Rastrites peregri-
nus Barrande , Monograptus millepeda (M'Coy) , Petalolithus minor Elles ,Orthograptus cf.
insecti formis (Nicholson ), Glyptograptus tamariscus (Nicholson), Spirograptus minor
" Boucek %, BN TF Demirastrites triangulatus %] Oktavites convolutus # 3%, 50
B ZWF 4 Pristiograptus leptotheca 5 — Petalolithus folium HAHY . XFHEAEAER
B H— KA,

rEEN, BAEBRERE XK (Hall, 1865,p. 146) , H 5 il 5275 FT 18 (Ruedemann,
1895, p. 453; Ruedemann, 1908, p. 347, 392, 397, 479; Ruedemann, 1947, p. 400, 404, 406,
432, 434, 454, 461, 463; Jackson et al., 1976, p. 39; Bjerreskov, 1976, p. 41; Leng and
Melchin, 1986,p. 1854 ; Zalasiewicz,1984,p. 425) . FFA X 44K, B A 57 F f+ % Born-
holm (Bjerreskov,1976)F1 3 E Wales (Zalasiewicz,1984) Bi#h 4, e FidhE#H X, NER
$& /= BT RSk E , Jackson, Kerr il Morrow R 38 Devon & Monograptus fanicus Koren 24
% 7= F B 4t Pragian i 2 ; Lenz fll Melchin R 8§ Cornwallis & By Saetograptus
fritschi cf. linearis (Boucek) % A #& = F P Ludlovian B #h = ; Bjerreskov % i /43 Born-
holm # Rhaphidograptus toernquisti (Elles et Wood) B AFE=TF FTHEBE S T Llandoveri-
an;Zalasiewicz 3Bt Wales #§ Didymograptus aff. simulans Elles et Wood EHE =T &
BEgHE Arenig HIMIESN, HRAMNEAREGEE > TH— K ERHHEZ.

A SRR P TR BB E AR UE — . AR AR i i 2 BR R
HeMWETESET L, BH 13 4 Orthograptus cf. attenuatus Rickards B H KA, E 1]
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ER A EIREREES KEREAREEERTE, N HNEHNBBCEHEE, XLEAE
RR—M. ZEARERY Somm, FEAER TR AN L ERSERELE, HHREFE
A B A0 Wk A ORR AR, XEERERE B KN 8—16mm, 55 [ A8 O
B—XHE AED K 0. 8mm, [m] EHEFE, FEFERRE O 5mm kKR KFEE A 1. 8mm, H/FH
W17, BN EAENE TR RS GW 20, ER0BE, HK 1. 6mm, O 3%
0. 3mm, BERYRTIMH E thy B O &6, BRAERI4/D, il B8, B EE, il 2 Ak
R4z Fh 2—3mm, B HEE WK, K 1. 6mm, DFF, HFEH 0. 5Smm, B H , il f5 20°—30°,
MHMMEHAEE 1/2. £ 10mm KEXNF 1112 MRE.

18R A ) 2 AR FRAE B A b AR S 1 R B AU e SR A B Orthograptus attenuatus
Rickards #[&] XA 19 B4 O G AMFHECY &, X ATRERIRF AR E . Rickards 8 3 [E
H] Orthograptus attenuatus Rickards BB LTEE (FEN 1. Tmm) B, M58 % BE K (15/
10mm), fLER, BAMEE BB AN RERAMEER . ANEEIEE, NPk
WA EAET. REMW A S, U KIS E S XM Orthograprus angustifolius
Chen et Lin A . (B & 76 B 1R LS 6 A 0 B8R, = B B k.

MNERIEMEATEM B KE , BABENTEL . 81T E0aESE —BRiFLEME
AR EEREF S XSGR T TR P B EGR, RTr e R ER A ER T
B 5 O BRBEAAR TR, A B OB IR Bl A SR R 48 X B AR
T, BT EARMRE RSO P D BEARBE R, U — A58, 3R Bler-
reskov (1976)#%3iE Bornholm #] Rhaphidograptus toernquisti (Elles et Wood)EH . T
BN EARKERRMBERMTEZ. B, EiINBERAEEELEP O,

BEZEYRBEETE N PRI FEEE L DIEAW Climacograptus normalis Lap-
worth (F2 B2 45,1974, %5 213 BT, KRR 99,18 1: KRB, 1984, %5 40 51, MR 3, [ 1), 231
HEFWE, Zin A HiF ZME A ZEERBHENAR, T E MM EREARE, HiZiFA
FHREAGEAIMATE REERAREE. S PR LSS NE REE.

XTELHENNEEYE B RF R . Ruedemann (1895) % 1A K iU B4k Bk 7] gk 2 1
FEE B0 E PR T O R B BIR AT B O FR R R B SR ]
BEAA 24 T BAUK SR A 23 B (organs of reproduction), Bulman KRR &% A H R ik &
WEEE. NN EREE 5 R &2 AVLH Bulman,1955,1964,1970), BARE # I SHLE
F[LARILAEVF £ 77 T (Bulman, 1970,p. V93—V 94) (B JE" L A # = B AR EYLH AR
M HRERY” (Bulman, 1970,p. V95),

Kozlowski B AR EZEGRZALE (FRDKE TIHE (FTREARN D BEOE] 2
HEEFENER, MEANEAFTE CHERIE  E T AmEEEER L. EAE
BRSE (Pl & M & 32K T8F (Kozlowski, 1971, p. 335—337),

Rickards #E—01E T B A LE (THDWTIRE R B A AR, thig i . LB A%
B O RR AR B il TR R SRR BAE . fhil S Monograptus varians Wood %€ fi 8 £
il () SRALAME. X Bulman 1l Kozlowski (" 2R HEH CWENRLK”
AR RIZE M ERL TR E RERXTHDAE"HWENR, i — AN R &
TEARETHEACHENRE. REG M E AR EERESM RS MR R EMRKTE, I
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2, BRSO E M A A %7 (Rickards , 1975, p. 415—416)

Bjerreskov XHEARESHEHEEME XM ILR, R, P REEREINEE
HAMPEM B ET KT ZREIHF RS FIERIFERE) ERAENELN, BEHFA
M AL BARE B OO W, B RAERE HFMEAKMIE R, LR RRE B8 R
WA R R . XA R I AR B B R i AR AR W] RALTR] B & AR 7 (Bjerreskov, 1976, p.
46),

R AT 41 V8 22 B VG B B 48 8 Orthograptus cf. attenuatus Rickards % AR A, 1 1E
I ORESREARNT S EEXRREREYENIHRE T 58, L OTE B
Bulman I Kozlowski $#2HMEAFEHCHWIENZREWNE L. 2R MIIHMEANVE
RAENER. EWEAEEREE A KK R SR W Sh58 RS M K M
EYE RN HERBHIFARPHEED) X MR EMH—M IR AR MR
HE B T T AE A 3 38 50R, BHED v A o 8 M (B , 2 e — Sy 7 s 3 ol B (B 1 U8 /5 2R
BEMPER . ROTAUHE B Rickards X TEABR S HHARARMNIRR. ETEAKHEM
— L BN (D) RBER AR (L, U R SR EF IR E A —ELXERPOERBRRI ST,
EAIT IR E BB R, B A A TEEECOVRE R 08 S, IR R
KK EER B AL, ALK, HE R EE  FEEE T KT (EADEY T2
FE HAREE~ENE A AR A EER S B E AW EE R RARFIY T,
EMNRKE MK ANERE R JERE RN EEREMMLE MR EREGE U RHE B
FRTHD . XIPTRESERMAE T HE SRR a0, Be X EFERE RS
FEEMEBEAE —EAFRKARFGIY PR RFI b EWt £ A
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REAEME—RE, FEESEFEEM, B BB E AR, mRERRE L
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WM EEAE BRI, EAELE (PHD A SHEFANEQBRRKASME
LT H, £ (PRID A B AL S R R R B A XA E B,
EREOBVAENEAR I THREARBEAN AT B (EaEa AN EZEY
BORE R EHEENRNEH B, ERFGE TSRS, b A MR EARTENER
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SYNRHABDOSOME OF ORTHOGRAPTUS CF. ATTENUATUS
RICKARDS FROM NANZHENG ,CHINA

Ge Mei-yu
(Nanjing Institute of Geology and PalaeontologysAcademia Sinica,Nanjing 210008

Chen Shu-e
(Xi'"an College of Geology,Xi'an 710054)

Key words: synrhabdosome, Lungmachi Formation
Summary
While studying the upper Ordovician to Lower Silurian strata at Fucheng of

Nanzheng,Shaanxi,Cheng Han-jun and Chen Shu-e (one of the authors) (1986) found a

well-preserved synrhabdosome of Orthograptus cf. attenuatus Rickards from the lower part
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of the lower Silurian Lungmachi Formation.in association with Oktavites changyangensis
(Sun) , Monograptus millepeds (M’ Coy) , Rastrites peregrinus Barrande, Petalolithus minor
Elles, Orthograptus cf. insectiformis (Nicholson), Glyptograptus tamariscus (Nicholson),
Spirograptus minor Boucek, etc. ; the horizon is corresponding to the Pristiograptus lep-
totheca zone to the Petalolithus folium zone in the Shuanghechang Formation of Chengkou
in age. Such a synrhabdosome is discovered for the first time in China.

The occurrence of a rare synrhabdosome was discovered many years ago (Hall,1865,
p. 46). A few of graptolite synrhabdosomes have been recorded. Ruedemann (1895,1947)
illustrated synrhabdosomes of various taxa,all being diplograptids;Rickards (1975),Jack-
son and others (1976) and Lenz and others (1986) illustrated some of monograptids ; Bjer-
reskov (1976) described several of Rhaphidograptus,while Zalasiewicz (1984) reported
several of Didymograptus aff. simulans Elles et Wood.

A single synrhabdosome of Orthograptus ci. attenuatus Rickards was preserved in
black silty shale and composed of 13 conspecific rhabdosomes,which are completely devel-
oped. These rhabdosomes of synrhabdosome are arranged in stellate aggregations, about
50mm in diagram, apparently twined together at their virgular ends, but not forming a
complete center ,or possessing a ventral disc of the pneumatocyst or vesicle. These virgulae
are sturdy,extending outward for 2—3mm. The sicula is tubular, 1. 6mm in length and
0. 3mm in width.

These rhabdosomes (individual graptolites) are 8—16mm in length,gradually widen-
ing from 0. 8mm at the apertural part of the first pair of thecae to 1. 8mm at a distance of
5mm {rom the aperture of sicula,and then both sides become nearly parallel. The thecae
are 1. 6mm in length and 0. 5mm in width in apertural part,with ventral margin straight,
inclined 20°—30° and overlapping 1/2,numbering 11—12 in 10mm.

Based on documental record,in general character the synrhabdosome comprises at
least a number of conspecies rhabdosomes arranged in stellate aggregations, twined and
twisted with each other at the distal end of their virgulae ,with or without the disc of pneu-
matocyst or vesicle-like structures in any of the specimens.

Ruedemann has drawn a number of synrhabdosomes collected from the Ordovician of
North America with central discs of pneumatocyst or vesicle-like structures;he considered
that the central discs of the pneumatocyst may be a floating organ and the oval vesicles en-
closing the central discs of the pneumatocysts are perhaps “organs of repreduction which
are to be compared with the gonangia of recent hydrozoa” (Ruedemann,1895).

Bulman did not agree that the graptolite rhabdosomes attached distally by their nema-
ta (or virgulae) to floating weeds;he considered that they possessed their own buoyancy
functions as shown in many aspects,but he states; "It is unlikely that the synrhabdosome
association constitutes primarily a bouyancy mechanism” (Bulman,1970,p. v95). Kozlows-

ki considers that “not only large rhabdosomes could not hang suspended by a thread,but



210 =] H | 2 Ei7d F 3%

also neither larvae in the stage of prosicula nor young rhabdosome had any necessity of at-
taching themselves to the objects floating on the surface,” and “the rhabdosomes of the
Graptoloidea were provided with floatation organs of various types,which allowed them to
float freely near the surface of the sea,the conclusion that most of them lived in the upper
layer of water as what is known as neuston, becomes likely to be correct” (Kozlowski,
1971, p. 336). Rickards further confirmed the function of nemata (or virgulae) and the
character of synrhabdosomes ;he pointed out that some synrhabdosomes possessed no cen-
tral disc of cupscule and oval vesicles,and the virgulae of the synrhabdosome joined with
the soft tissues (Rickards,1975). He not only supported Bulman (1970) and Kozlowski
(1971) in maintaining that the graptolites have their own buoyancy system,but also con-
sidered: “"The attachment by the nema is unlikely function of this organ” (Rickards,1975,
p. 415) and “If it is correct that every individual graptolite has its own buoyancy system or
as many adequate buoyancy systems as every one,then the forming of synrhabdosome per-
haps primarily connected with sexual reproduction” (Rickards, 1975, p. 416). Bjerreskov
also supported the above-mentioned opinions and further assumed: "A number of siculae
develop within an attachment structure, most likely extrathecal tissue,in such a manner
that the initial parts of the siculae (9 prosiculae) were not attached,as most have been the
case in the earlier described synrhabdosomes. The soft tissue may have been secreted by
the siculae themselves. In the next stage the budding and formation of the rhabdosome
took place,and the siculae and thecae were released from the original tissue. This could
have happened simultaneously with a growth of the virgellae in such a way that the ex-
treme distal parts remained attached” (Bjerreskov,1975,p. 46).

The writers support Bulman (1970) and Kozlowski (1971)’ s proposal that every
rhabdosome of graptolite has its own buoyancy system. In view of the character and preser-
vation state of the synrhabdosome,the writers consider that the development of synrhab-
dosome may be connected with sexual reproduction in the specific marine environment. We
may conceive that during Ordovician and Silurian, the marine environment was under a
warm climate, with more precipitation, lower salinity of the sea water,and rich nutrient
salts ;the seaweeds might be very well-developed. The genital cells produced by sexual re-
production of some graptolite rhabdosome developed and lived in organic compound of pro-
tein soft tissue secreted by the graptolite rhabdosome,and grew up into some primary sicu-
lae. This growth course was very similar to the incubation process of the tadpole. Then
they formed a prosicula and subsequently a complete rhabdosome. When the marine envi-
ronment suddenly became very adverse,with a number of volcanic eruptions at the seabot-
tom and a series of changes in condition,the prosiculae were freed to remain in the protein
soft tissue secreted by the graptolite rhabdosome, to successively grow up,develop and
form a complete rhabdosome therein. Under such a condition,the nemata (or virgulae) of

graptolite joined with the protein soft tissue, or the possibility of their connecting and
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t\;vining together would greatly increase. In this sense,all graptolites might develop into
sSmrhabdosomes. Since the development stage (the important stage of life cycle) and the
rate of growth in prosiculae of various graptolites are different,under a similar adverse ma-
rine environment ,only some graptolites were capable of forming a synrhabdosome,In case
the above-mentioned hypothesis is reasonable to a certain extent,then the occurrence of
synrhabdosome may be related to the sexual reproduction of graptolites under a special
marine environment.

The writers are indebted to Associate Prof. Y. N. Ni for her kindness in carefully read-

ing the manuscript,and to S. Q. Hu for preparing the photographs.
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Synrhabdosome of Orthograptus ¢f. attenuatus Rickards from Nanzheng, China Plate I




