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Abstract During late Middle Devonian, the diversity of land vascular plants had reached a fairly high level. In China,
the typical flora of this period is represented by the flora in Yunnan, that is named as Lepidodendropsis arbore-
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cense-Minarodendron cathaysiense-Eocladoxylon minutum (LME) assemblage. At the locality of Yangliuhe, Wuding,
Yunnan, the plants, including Lepidodendropsisi arborescense, Eocladoxylon minututm, Rhipidophyton acanthum, etc.,
were found from upper part of the Xichong Formation (late Middle Devonian). Among these plants, the 6 symbiosis
specimens of plant R. acanthum and gastropods Valvata sp. had been found. Based on the absence of animal bits on the
surface of stem, the evolution and palaeoecological characters of gastropods, the symbiosis of plant and aquatic gas-
tropods is explained as: the stems fall into the fresh water, that provide the new habitat for aquatic and benthic gastro-
pods; after that, these are carried by current and storm to be buried at other places. The life model of aquatic gastropods
is very common, and it is also an important way of migration and diffusion of gastropods. This study provides new ev-
idence to show the diversity in the terrestrial ecological system.
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Hh Y Lt G 0T 0 4K A B SIS A A R T RR
TR FERBRPWAA T A EENE
o I IR P A b [ G2 K 9 Minarodendron-
Leclercgia 41 & (Qie et al., 2019), £/, TH=
B, PR AEMHEIEY - KE, UAEED
NE, SHEFABED M =KFRE, #R2N
Lepidodendropsis arborecense-Minarodendron
cathaysiense-Eocladoxylon minutum (LME) 4H &
(Wang et al., 2006). HJe 72 TH I A Fifi 22 A8 0 v 40
CLEE LSRR, —JH, ARRECRE
YR E BB, A R R T
BEREBERMEM; 5T, ALz dt 7 E
LRIEFNIA I, NHETHE. R A 7 E R
1o ARICARIE T = rg e e A ) 5
RBNYIIARRA, I i o i ol AR S R

1 = AT A

ARG F A R 2RI A AR AR 5 R E
= B B e At A, B e AL T e
SR B B 2 A A B, B AR A
PLAE 300 m ) — N EF/NECR A (Berry and
Wang, 2006a), GPS (WSG84)fii & 4y 25°27'34"N FlI
102°25'57"E (K 1-1, 1-2).

RO EE R P A B, B
KOOI G e A E, RAEREZERK
(K 1-3). fEJEERAE DA RE/YIA, =
B f Lepidodendropsis arborescense (Sze) Sze,
Eocladoxylon minutum (Halle) Koidzumi, Rhipido-
phyton acanthum Berry and Wang %5 . XSS Y1k
i BT AR 1R 5T IR A Hh e 2 tH I U (Givetian 1)

Fossil plants, gastropods, symbiosis specimens, palaeoecological significance, late Middle Devonian,

(Schweitzer and Cai, 1987; E . Berry, 2001a;
Berry and Wang, 2006a; Wang et al., 2006).

E JT R 4R 1) K B A YA A bR AR GIE 100 By,
A LI ER AR 6 B, XEFRERE
EAEM YR T, EHZ R R B E 2 K
LR EP

2 YIRS L S A AR A AL

23 B G E T U 7 R 00 3 2 (P o 4B )
R E A, HRERNZT A, REN
R, BEEE 2-1, 2-5), %N 1.3-1.7 cm;
TRAF KN 5.5 cm, AN 0.6 cm (B 2-1);
KmmBEAH ML, M5 /NT 0.1 em (K
2-4), WKIEZETHFAE, &N Rhipidophyton acanthum
Berry and Wang (Berry and Wang, 2006a).

R. acanthum )25+ LA KEE L. X
S R SV AR B Y 2T L, A
HYET ERKIAE LY. EHET L, 8
RNV E A R AR R, i B R (A 2-1).
EAHZE T, RN AREL 1 ecm® A 16 L
KB 2-2). FEPIFR A WB) YR IRIE .

M RAAAMEIR N, BEE, SREDETE, 1R
IR, WAER, R EARY) 2-3 mm, JitfLIE M,
%, &5, QbR ERr 173 (B 2-3, 2-6,
2-7). XELE R BN+ EE A AE R. acanthum FH°H:
2T (A 2-1, 2-2, 2-5).

MG SEARRRE, ZETAR A YR — K0, i
TR NEIRI A, REfR T Rk 1L,
HUE € v Valvata sp., V3 J& T B IR R 2 30
M. ArEET AN BEE H).
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Fig. 1 Locality of fossils (1, 2) and outcrop (3)

Valvata 7& 1. B A ACHE WA — Fl IR AH 15 2
W, £ E H O R E 7 SRR
(AW, 1953) 0 2= B 0E Hh e 728t A 5T b 2= (78
4 E#O R B Valvata sp. /& 1% & 76 3% [ 1) i 5
A

YETFR A RIS S DA R I 27 I fERE ) 1
Y06 HAT AR ACL, 2 1 bR A B B S R IR
H KPR AR BBIR (K] 2-6, 2-7), T4 B0 R 21
P E, AR S R .

3 HAESEX
r Y it B9 0 ) L8 5F A KR R,
RIS RG LIS R Lt DA OB

FERL, B PR M IHEY SSRGS
W (Wang et al., 2006): 1)/NEIRDIRIEY A4S

A%, TEHSEL 1-2 m WEDHK, W
Longostachya (1% 1.5 m) (Cai and Chen, 1996),
Lepidodendropsis (& 3 % 22 T HARIA 11 cm, &
15 2 m), Yuguangia (& %2/ 2 m) (Hao et al.,
2007), Eocladoxylon (Fi& 1 m PL L) (Berry and
Wang, 2006b), Panxia £l Rhipidophyton (%% 2 m
PL L) (Wang and Berry, 2006; Berry and Wang,
2006a)%, FREYE UREDES KRG F M E
B 1, 0] REAE R X 0 i — /N AL RE A
FERRMRBI AT, o Fifi Hh A2 25 R 40 1 K R kT 31 B 2L
fEH,; DHmEMES RS, FEHREELILT
JECK R 4l /N FE YR A, 4n: Minarodendron (7
/T 50cm) (Li, 1990; Liu et al., 2013), Tsaia (5 /&%
/T30 ¢cm) (Wang and Berry, 2001b), Psilophyton
(B /T 20 em) (E 4% Berry, 2001a), Tauritheca
(£ /NT 30 cm) (Wang and Berry, 2003)%,
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Fig.2 The symbiosis specimens of plant and gastropods from late Middle Devonian, Wuding, Yunnan, South China
1, 4, 5. Rhipidophyton acanthum ZT#F i f8 £33 Valvata sp., #rAZic5: PB208795-208797. 2. 1 cm? 5 16 MIEEAME, WA TILS:
PB208798. 3,6,7. JLA MG LK Valvata sp., A 2 BIRERBCR. 1,2,4,5. HEIR =10 mm; 3. ELFIR =5mm; 6,7. HLBIR =1 mm.
1, 4, 5. The stem of Rhipidophyton acanthum bording with gastropods Valvata sp., specimen numbers: PB208795-208797. 2. 1 cm? with 16 bodies of
gastropods, specimen number: PB208798. 3, 6, 7. Enlarged of fig. 2, symbiotic gastropods Valvata sp. 1, 2, 4, 5. Scale bars = 10 mm; 3. Scale bar = 5 mm;

6, 7. Scale bars = 1 mm.

XM EMEENESRENELZ Y T, £ 5
TR, XTI E K R B TR
R, & ARARE R i S R v B AN T Bk (1
1] o e 7 tHE W 0T 3t A2 25 R G AL, R
BT RERK S R . TR 2
W R A A IR B N AN A AR N R B
AV R, B R ST AN R
Se4 ] RESERE R I K B . mF € TR
T B S ) RIS L Sh ) SE A AR A K R B, A

5l RAKENIEAETS RGAHRVERF 7L B34 T
HIEYE .

JI5 2 B AR S T o A ) 1 — N Bh)
WIRHE, A ARTE BRI . YL, W
A b b, B e 0 ISR A LT SR
HE (i RV 1979), BELITTG, B2 S
BB B (R, 1963). 125 5 F 1 AEdE A IE L
FAb A T AR 4 (Yen, 1949), Yo7k 4d & WA
FH A 2R 10 A0 AR08 (Wenz, 1938; Cox, 1953; i
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T RFER, 2012). ARSCIRIEMEY) T B
A B IE A2 B4 e T SR A IR A2 H IR A R R
e — M B E AR BROK, SRR B KA P 2
PN(A RFER, 1990) 24 i A4} 5o I8 2 5
YR —F A, fAE 1 em? = A 16 FAME,
R AR 3 BN v R R R R 2R e
W o TR RAEM(2012)IN N K4 3 B A
B H A SRR R T — A AR IR KA
855, KR A o i Ue T BLBR A I8 e 2 3h 4
AR K AR ) ER AR T IR K, KA IR AL
WG WA I EALH S PR B A, DL -
EAGER S ORI E E AR, WoR T —MBONE
W AR A DOARARRAE, A4 & T AT Al i AR DT AR
IEEOMR - WA BN T A R R
—B TR . A BRI S, HitS
R A A BRI Dy AR AR B, KA H IR AL
S

JI 2 B I AR AL ) A B A R
—RBEEMEE LS LY R, ME D
L, MRS FNE/YE L, HY
DR RSN R S B, bR A5 LA i 3
AZRAR A A7AE « AT e Lepidodendropsis
arborescense, Eocladoxylon minutum, Rhipidophyton
acanthum M RAELS e X LEAE ) 2 A KAE
Wit AR, AR T UG AE RS R G TR
MR RRE . MM atnA b, MMET LR IS
Vst IR s, A DL Y= TR AR R
ENIRI R . MWHE R Stk Sk #r, 24 i
AR (RO IR 2 s ILAE R 48, (R
AT, AR DA Rl b A 0 B AL B ) A TE
g, RTER, 2012). M HHTIE 22K Valvata sp.
IyMT, X S HTEE AN IR 2 B, AT IR
AR, BELE R E, HtEMET A
e R, W23 5D 3LAERAL
1 R Eh W) B vh I B AE R DR 25 T I 2R, B
PG ALK P I 2 S 2 WIS A, AT LR E
2 B EGE T e 7 T G 2 (P e A B R Ok IR
AN ILA G RSN F) e — RPN R R . H
TV AE K R R R 0 RH 25 I B T AE A B UM
A RS, PUXIR . KR HIBE S AR B, 5 T
ARSI ZE A, T ) B 25 UL K 25 I

i LU R g, ANH TR LS Al . AR
MUK 22 TR MM IR 23, s S Ak ik 3
Lem® A 16 BUME, TAERS h AR K —A T
AASIYIASR, I B IR B W A AR
FKTHT PRI R4 26 b 28 S5 ot ) IR R S5

M REE [ 6 Y- 2 S L AR AR T,
TR LB R, W ORAF T LA (1 2 AR AR AL,
2 /N (3 i 35 A S AR . TR, AR [R] 2 Atk
A B RAFIE DL B, XA A2 5
WHGE, eflaed 7R fies, BT Rt
Hik. M7 — A, BT RXEEYE TR T
PRI (1 L AR AR AL, [R] R K 4 /N ) A R DR A
PACSE S, KR TR A VA EilRiE. X
SERE VIR R AL — R R KR T, AP
H ¥ A AT RAE A =4 B KA BT i

WRAE BBy Bl i g, = pe EE e AL I
W JZ P A A S R L S AR AR BoR e 2
]2 —FR 27 A O R o BRI RIS, & 317K
PR, KA SR A 1R L sh A i B K
A R S R R 25 1 D9 IR Sh 3R 03t 1 T XA 2
B, IR H 2 AR A2 3 4 BB K AT BXUR s &
Se R, X R R AL B A TR 2 T I AR
i, HGERE. IEOR ML T H@ AR .

Bt VPRI E BRI, Rk Et.
ZE#k (References)

WEARTE, ARAEAR, 2012, o [ G v A AR AT b 2R AR AR M AR IR 3K
FAE:  E R R H R AL 1-142.

E %, Berry C M, 2001a. =B oG o 4100 —Fh a4l /MEY)—H 18
Herg e AR AL . AR, 40: 424-432.

A& B 1979, b HS L IR R A B ) AR S AN IE 2 2 R I
AR 2R L AR, 18: 232-270.

R OW, EEHE, ET70, 1963 HEMEERMA. bR BlEH
fR A, 1-362.

AR OBL RPEIR, 1990, M B AR AR IS 2 28 IR ) ORI
H AP AR, 29: 54-63.

JE A, 1953, BaE Sl ZR A AR AR KBRS A F. s AR R,
1: 165-175.

Berry C M, Wang Yi, 2006a. A new plant attributed to Cladoxylop-
sida from the Middle Devonian of Yunnan Province, China. Re-
view of Palaeobotany & Palynology, 142: 63-78.

Berry C M, Wang Yi, 2006b. Eocladoxylon (Protopteridium) minu-
tum (Halle) Koidzumi—An early Rhacophyton-like plant from
the Middle Devonian of China. International Journal of Plant



2 E

PEL RAEIR: e R 5 IE 2 3h%); Wang Yi and Zhu Xiang-gen: Plant and gastropods at Wuding 197

Sciences, 167: 551-566.

Cai Chong-yang, Chen Li-zhu, 1996. On a Chinese Givetian lycopod
Longostachys latisporophyllus Zhu, Hu and Feng, emend.: its
morphology, anatomy and reconstruction. Palacontographica B,
238: 1-43.

Chow Minchen M (Zhou Ming-zhen), 1953. Mesozoic freshwater
molluscan faunules from Shantung, Shensi and Kansu. Acta
Palacontologica Sinica, 1: 165—175 (in Chinese).

Cox L R, 1953. Gastropoda from the Karoo Beds of Southern
Rhodeesia. Geological Magazine, 90: 201-207.

Hao Shou-gang, Xue Jin-zhuang, Wang Qi, Liu Zhe-feng, 2007.
Yuguangia ordinata gen. et sp. nov., a new lycopsid from the
Middle Devonian (Late Givetian) of Yunnan, China, and its
Phylogenetic Implications. International Journal of Plant Sci-
ences, 168: 1161-1175.

Li Cheng-sen, 1990. Minarodendron cathaysiense (gen. et comb.
nov.), a lycopod from the late Middle Devonian of Yunnan,
China. Palacontographica B, 220: 97-117.

Liu Le, Wang De-ming, Xue Jin-zhuang, Meng Mei-cen, 2013. Re-
investigation of the lycopsid Minarodendron cathaysiense from
the Middle Devonian of South China. Neues Jahrbuch fiir Ge-
ologie und Paldontologie, Ab. 268: 325-339.

Pan Hua-zhang, Zhu Xiang-gen, 2012. Late Late Paleozoic and
Mesozoic Non-marine Gastropods from China. Hefei: Universi-
ty of Science and Technology of China Press. 1-142 (in Chi-
nese).

Qie Wen-kun, Ma Xue-ping, Xu Hong-he, Qiao Li, Liang Kun, Guo
Wen, Song Jun-jun, Chen Bo, Lu Jian-feng, 2019. Devonian in-
tegrative stratigraphy and timescale of China. Science China
Earth Science, 62: 112—134.

Schweitzer H J, Cai Chong-yang, 1987. Beitrdge zur Mittledev-
on-flora Siidchinas. Palacontographica B, 207: 1-109.

Wang Yi, Berry C M, 2001a. A new small plant from the Xichong
Formation of Yunnan, and discussion on the floral assemblages
of late Middle Devonian in South China. Acta Palaeontologica
Sinica, 40: 424-432 (in Chinese).

Wang Yi, Berry C M, 2001b. A new plant from the Xichong For-
mation (Middle Devonian), South China. Review of Palacobo
tany & Palynology, 116: 73-85.

Wang Yi, Berry C M, 2003. A reconsideration of Dimeripteris cor-
nuta Schweitzer and Cai, a diminutive fossil plant from the
Middle Devonian of Yunnan, China. Geobios, 36: 437-446.

Wang Yi, Berry C M, 2006. Morphology of a non-pseudosporochnalean
cladoxylopsid from the Middle Devonian of Yunnan, South
China. Palacoworld, 15: 54-67.

Wang Yi, Berry C M, Hao Shou-gang, Xu Hong-he, Fu Qiang,
2006. The Xichong flora of Yunnan, China—Diversity in a
late Mid Devonian plant assemblage. Geological Journal, 42:
339-350.

Wenz W, 1938. Gastropoda. In: Schindewoif O H (ed.), Handbuch
der Palaecozoologie: Band. 6, Teil 1: Allgemeiner Teil und Pro-
sobranchia; Teil 2, 3: Prosobranchia. Berlin: Verlag Gebriider
Borntriger. 1-240, 241480, 481-720.

Yen T C, 1949. Review of Palaeozoic non-marine gastropods and
description of a new genus from the Carboniferous rocks of
Scotland. Journal of Molluscan Studies, 27: 235-240.

Yu Wen, 1979. Earliest Cambrian monoplacophorans and gastropods
from western Hubei with their biostratigraphical significance.
Acta Palaeontologica Sinica, 18: 232-270 (in Chinese).

Yu Wen, Wang Hui-ji, Li Zi-shu, 1963. The Fossil Grastropods of
China. Beijing: Science Press. 1-362 (in Chinese).

Yu Wen, Zhu Xiang-gen, 1990. Discovery of non-marine gastropods
from upper Permian Xiaolongkou Formation of Jimsar, Xinjiang.
Acta Palaeontologica Sinica, 29: 54-63 (in Chinese).



