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Diversity of Bryophytes in Underground Forest of Monkey-Ear Tiankeng

LI Xiaofang, ZHANG Zhaohui” , LI Chengyi, WU Jin, WANG Zhihui

(Key Laboratory for Information System of Mountainous Area and Protection of Ecology Environment of Guizhou Province,

Guizhou Normal University, Guiyang 550001 China)

Abstract: In order to explore the diversity characteristics of bryophytes in the underground forest , we use
gradient method to study the diversity of bryophytes in underground forest of Monkey-ear Tiankeng,
which is about-280 meters apart from the earth’s surface and its diameter is about 300 metres. Research re-
sults show that; (1) there are 71 species of bryophytes in underground forest, there are five growth matri-
ces of bryophytes, and the trunk is the most abundant growth matrix of bryophytes (41 species). The
number of the other four growth matrix species presents adecreasing trend of forest land >>stone surface >
carrion™ leaf surface. (2) There are 10 species of life-forms in underground forest, a total of 88% of the
life-form types enjoy the dark and humid environment, while only 12 percent are adapted to the bright and
dry environment. (3) Studying on the Margalef of bryophytes, shows that middle (8. 461 7)>> bottom (7.
502 0) > top (6.978 5), and Pielou of bryophytes shows that top (0. 945 4) > bottom(0. 907 2) >middle
(0.844 5). (4) Analysis of the Bata diversity of bryophytes, which shows that the difference of bryophyte
community is between (0. 75— 1. 00) in different gradient of underground forest, and the difference be-
tween bottom and top is as high as 0. 960 8. (5) Analysis shows that the underground forest has high dis-

similarity not only in different gradient but also in whole forest, its structure differentiation is obvious and
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its habitat is complex, all of that is because of its unique topography and hydrothermal conditions. (6)

RDA analysis showed that light, humidity and temperature were the main factors influencing the bryo-

phytes species distribution of underground forest of Tiankeng,among which light had the greatest influ-

ence. (7) The comparison of species diversity in and out of Tiankeng shows that underground forest of

Tiankeng has higher species diversity of bryophytes and it is a natural refuge for the species in karst rocky

desertification area.
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W H 4E R B (Karst Tiankeng) f& 21 42 %) &
) — T 5 22 80 < R SR SO AS [R] 5
B KRB MR Y . KRR RYTI € kAT T
ZRETT B 20 7E S RIS 10 J o BEBE & 734
Vi FEE VIR JE 38 % 4 5 100 me i R A 38 B U - T
RAE AN [] Y [l 58 sl 3 i DX X SR B0 i — AR A7 S [
23577 2 W AE KR A doline 1 78 b 35 W A lime-
stone sinks ¥ #% sinkholes g F/RPY . Rbp EE 4>
A13 T e T 0 7S I A R R I AT ST AR L X R
—NAHXTE AR ER S T AR5 5T R A LA A
PR B BT Y IR 3 i R U L T A 0l T ) T IXC
SR NS RS & 2B W) R AR R AR BT L R
FEM (Karst Tiankeng forest) & 7 T K i iX Fi 45
TR 18 B b R b S50 e 7 e ST AR AR OBR L B2 K AR R R
{1 Bl BG4 T A 26 ok i — PR IR AE S R . R
T HE W) A T I A SR G 1 6 L RTHE R AR AR 43
KU EE H AR AR K IT Ui BE R AR AR 3 R R ARSE 3
FRZETY . RGUHL T BRAROR KBTS AR A B A B TR
RGUIX PR IR 9 A B8 o, B B 28 0o 22 48 1Y T 8
R BRARAE A2 25 R G . B B 5 4R 0 AH T8 Y
RER (0 7K FASE AR RO R Il ST B 2540 . T R
SR RE T L VB R R B T 100 m, SR BT R
ARMOAE B b~ A1 X0 ek JRUE L I | K I 46 I A 1%
FNGTAh, MILTAh A AE B Fb AT LUE o — & 09 0 R AR
FHE) K5 ER o i LA R 30 1 2R AR PR HCRR Bk 1 25 58
B TE— TR A A s T T RO

H EEAE W) — AR B RE /N | 2 R ] B i A A
Yy, F W) M N Bk = A4S A SURN L TE AR R 48 i T TE
£ 5028 w0 T LA S s ) 0t B 85 %) A8 A Al UK
H i - PN B B B ) 14 2 38 A U0 R e B A
X G R A B R 50 A A ] LR X A ) 1 BE O
(ELA R AT B 10 0 S R G ) DY A A ) R 4D
il B AN BIFSEAL B L T BT AN [R] A B 5 A ()
Pk Z i & #ER Y 04y it . AN E A R
ot SCHR O] 2 R AR E B AR W AT R (E B
TEA 1k 3B R 3 B SR Y AT R
Hi R AR DR LR IR (4 4 3 DL G B AR I A5 s

Hh R 1) D ] A 2 B K 4 2 S TR R RR b
TR AT 32 PR35 1) 380 3 R 0 JEE A AN TR T L R 470
AR RBOE I I AN [ B R H T RR AR
BEZREVEIIWT ST . B AE IR BEAE B L L A 20 A B
HEERTR U R BRI b IR B AR M — LB FR 5E
[Fa) R e 8 1 AL O LA 5K 0 i 2R b A 0F 5 i
fEHLE MR 2 %

1 WFST X IR I

W B R T 52 M 48 52 I T T B (&L 1), i
FRAR T R E106°59'56. 5" ~107°0"16. 6”,N27°04'57"
~27°05'27", K EAE o R L JE S P R X M
P AR U AR AR SRS T BI0K R,

M H R O i K A28 300 mL 3K 280 m.,
HUR e K HARWIE 280 my, J& HiL AL e 7 45 i A5 L ~F- 34
M4k 1100 m, i FH0 FORRGME B, B2 B R
Hi. WRITHIE B T T J7 4 (9 ™K #h R 75
R K R LT A 2 K R () BN W AR ik A s
R BA T B KT, M R YU T 2R 50 B 1 7
A7 Y 8 3 A T S WY R AR AR B AR 2
2 000 m”, J& T b s 2 XU e S L S 34 SR A

~
Y ‘..’ ‘\,) N ‘\

N Nh )
§ < W A

% e ) L
Sy SR E-RYU /

NN o & . W
& Guizhou Monkey EarTmnkcng?}/V\

y
| P

< HiE=300m
Diameter = 300 m

. | T R
BT Underground forest

=280 m Top slope
Depth :V RIS O
/ 4]

HF R Middle part

Underground forest

NN
Underground river

Bl 1 BE RGUH T RO R B
Fig. 1 View of underground forest in Monkey-Ear Tiankeng




2326 odt O % il 38 &

T 10.6~15.30 CZElAEYREM A4 T 1 141~
1547 mm Z [8], i F% KYU R B, J& TR &
B B T LA R 370 H L B R 370 H (31 R B R AT L 3R
SER L AP SAE T F & 0 B AR
2 W
2.1 EFANTHEREHNIIE

2017 4E 9 A 10 HA 10 H 30 H 4> 5% 5% 0 IF
PR B R 5T T AR bR 2547 B A1 98 A, R 5T T AR AR
PR LR 10 B 1y =X RN B 25 25 4 . 5 BOK Rk B 7E
Ho R ARARE T A AR AR A) . B H MR T AR
[vi) Vg A J3E e M R AR AR 4 Sk 3 AN FEHB (GR D)1 1
O 2. e s 30 ST, AL NI E 4 DR B
ANFE S H Y BEHLIZ 5 A 10 em X 10 em ££ 7, H5R
BEFRA 60 By IEVEANIC SR bR AS 1 55 B AR BE &
4 IR SR B .
2.2 BRAEE

TE% N R 2 OB 28 kL 5 B HWG-1 A1 X
fift 5% S XSZ-107TS #I 5 2% W il e X bs A i 47 1%
BFEME IS H(PEEEE)H 1.2.4~38
H R EEBE WM S WY R &R A
(Moss Flora of China (English Version )1 && i}
B EEFEAT YR Y Rl R4
2.3 HESW
2.3.1 o ZHMENE 50X H T HA 3 AR
1o B FE b 5 AT 2 FEME 3 AT, o Z2REPE Y 40 BT R
Margalef 3= & & 35 %k . Simpson f ¥4 & 45 %4 . Shan-
non-wiener Z M F8EUAN Pielou #4455 %K,

Margalef F & FE48%50(D) . D=(S—1)/InN (1)

Hor S S BEASBEBERE ML N TR B ALY
FREC, N Ay B A6 B B 1 D ) A R R

Simpson {E#EFREE(H,) .

S
H, =Y (Pi)’ 2)
Shannon-wiener ZFEMFEE(H) .
H:—i(PilnPi) (3
i=1

S
Pielou 5 550 (J) . J=— 2 (PilnP)/InS (4)
i=1

Hop Pi B FEAL, Pi=Ni/N,Ni 55 i ~¥)
Tl B RE X6 55 BE 2 A N S S S Bl AR R i B2 2 F
2.3.2 BEEMNE N TN RETH T RS
() o6 J3E A b AP 9 22 T) 9 AH S 1 SR p 2 AR R R AT
SIS T I N AR TR 40 R g T A AR
F BAS % EHIEAY Sorensen A5 R H( .

Bor = b+ )/ QCa+b+c)

a HIEHYFEC L Tl 4350 2 MREENEEE
PR R pAEAE O~1 Z[a], Hirh g HI7E 0~0. 25
Z[6] B P RE T I ARl 5 7E 0. 25~0. 50 Z 1], I
TEVE TP 2 F L5 7F 0. 50~0. 75 2 [a] . i BREVE P 25 48 4
L5 7E 0. 75~1. 00 Z [A] . FE V& B AN AL
2033 E#EHLEFRZHEMENE MHIE
Miagdefrau' ™ X & & 4 15 B 19 2 L R KR G 1
S5 BN LSRN N 1Y 55 L R4 R BT E & AR IR
BN LI 10 Fl e (1) —4F 4 (Annuals) 5 (2) 55 A E Y
(Short turfs) ; (3) E AER (Tall turfs) ; (4) FOR A
(Cushions); (5) 3 4l B g (Mats); (6) 28 21 Al
(Wefts); (7) & FE B (Meteorium); (8) Btk #l
(Tails) ; (9 I (Fans) 1 (10) #f %I ( Dendroids) ,
2.4 HiEALIE

fii ] Excel 2007 44 %5 %4 E 17 % 3L, I 12
Rx64 3. 4.4.0rigin9. 0,Canoco4. 5 fll Arc GIS10. 2
PEAT R Ge it o ez A

3 ZER 50

3.1 BEHEWESHEMEEMN

XA H R 40 b AR A % B, K BT HE T FR AR
HEMY A 71 Fh 511 23 B 36 @, Hrb 6 KRIL
PR & R 8 =5) 731 O - 5 #£ R (Brachytheci-
aceae)3 J& 9 Fi, K B #% #} (Fissidentaceae) 1 J& 8
Fh, 3 & Bl (Plagiochilaceae) 1 J& 8 Ffr, fL £ #¢ B}
(Hypopterygiaceae)3 J& 7 fifr, #2 47 &£ £} (Mniaceae)
2 J& 5 Fh, PEE AL (Thuidiaceae) 4 J& 5 i, 6 KBL&
T 14 )& 42 F 5 AR SR 59. 1500 (K 2), R
BT 6 REIAEMY R T ARMEE R DS T &
BERYALE T VA 6 RARFEE I S i 4, HR 2 AR
P[] 2 JHC Al 4 o AR DA o DA T 5 1 1S T 2R bR

F1 BERGIHEMIISREER

Table 1 Environmental features of sampling sites of Monkey-Ear Tiankeng

FfH Sample A %5 Habitat

2245 % Longitude and latitude FEHL[E] FE Sample space/m

B e Lower slope A i K Vegetation and shrub
B # Middle slope

BT Top slope EA  JF A Shrub and arbor

HA HEK (FF K Vegetation, shrub and arbor

27°45'56"N  107°0'21"E 20
27°04'55"N  107°0'56"E 20
27°05'57"N  27°0'15"E 20
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T BRARAS ] T B BE 100 FE i 2H A 25 et
Db R AR E S ) L6 & VTR BE 22 ) B R
M AR BT 25 ek

3.5 YFANINE B FE A TR S (RDA)

AW G R FHTUAR 5 B 07 48 s KU T /AR E
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BT o 45 20 PR 58 K R Fhoig — 4 HE P IR (4, =
20,500 F Sk AR AR R BB L 2068 520 87 Sk R
B A 5 A% Sk 2 R A e £ AR R S e 22 R Y A DG
e f7 43 5% A8 R T A5 5 [B) A9 RE DG 1 2R 50 W b i 1 1Y
EHi SR R L b 5 B AR XL A e ) ol A S
A B8 AR Sk 1 Fe ol (B (R =k 77 ) AR 3R E J5 1)) s Wy ] 1)
ELERHE RN SR R PR 38 N B ) A

S —HE v b R SE T HE R Bl R AR (R 4 0
0.921F10.076(F 5), AR T 92. 1% M 7. 6%
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®4 BERGIAEYEZEH*FYH I Serensen
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Table 4 Common species and Sgrensen diversity
coefficients among different gradients of

Monkey-Ear Tiankeng

B ¥ eI
Lower slope Middle slope Top slope
e Lower slope —_— 5 1
B it Middle slope 0.830 5 —— 6
B T5 Top slope 0. 960 8 0.785 7 ——

x5 BREXHERETF-RDA HFHMNEXHFE
Table 5 Related rankings of the environmental

factor-RDA ordinal axes of Monkey-Ear Tiankeng

HH S HE T {E Ll il
Related ranking Axis 1 Axis 2
FEAF{A Eigen values 0.921  0.076

Py Fh- B A A Species-Environment correlation 1. 000 1. 000
ZBUH 4 % Cumulative percentage 92.1 99.7

PIEE O RUR A I AU T LB A 48 R,
AR 6250, UL AT UL R T M R AR AR (R PR BT
IO B Y 0 ) o 2 M 5 AT ) A R 0 M AR AR A 1
BEIREE I R X S AR S5 R AT G
3.6 R THRMEERNRFEEEEWSHN
B9 33 bE B 3R
WEHRUEED JH R BB T B T — 15
AN AR X B S 3 0 9T DAL R 30 R AR AR HE R
IX 35 5 A W) 2 B B X EE A 9T B — e R
SC A GE B B S R GUHL T R AR T ARUAH 25 A8 KA 2
AN ER TSR IEAT X . B 2% 6 T, RYTHL T %
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Z5—Hl Axis 1
1. AR EE 2. ot RUREE ;3. Bt RUR B ;4. KRUEEE ;5. B W R
FREE;6. EICRZEE ;7. B RUEEE ;8. (A KU EE; 9. IR RUR#E;
10, BRARELEE; 11, 1R 30 95 8 5 12, i 4T 8% 5 13, FLnk ) 47 8% ;
T4, G 1) LT 6 5 15, SR PEAT #F 5 16, LR H) KT 6% 5 17, H 0 6
18. K I 4 5 19, B #E 5 20, 070 8 5 21, 7 UL #5522, Jmd A% A
JRAS B 5 23, VH R A O 85 5 24, AR WAL E A% 5 25, B FL4E 5 26, B
FE 8 5 27, Rl 2 8 5 28, JUM HERR % 5 30. A AE FE 6 5 31. A nt /N
B 532, R P B 5 33, R I BRI 6 5 34 R P4 : 35, LR
36. SRR 6 37, AT #E 5 38, K 1 T #¥ 5 39. W R #E 40, TNt
FEWREE 541, B S K EE 542, /NI SEREE ; 43, KA G EE 5 44, KA
HHEE 45, = HIPEMIBE 546, BTN EE 47, R HREE 548, R it
549, F U 550, WAL 51, B H 552 BRIt B H 553, MR
54, PR E 55, PR E 56, MR PIE 57 E P E 558, F &
PIE 59, BT E 560, KT ABEE 62, BE SR ABE #7563, = FHM
WEE 64, LM IR E ;65 MR E :66. ZIRH & 67, &
68. BHbEL:69. MEH 70, L H B 71 WME
Bl 4 M H RGBT B RS 5 H Bh  TCA
43 BT (RDA) 4 fiE ¥ A
1. L. glaucum; 2. F. zippelianus; 3. F. microcladus;
4. F. nobilis; 5. F. hyalinus; 6. F. zolligeri; 7. F. cristatus;
8. F. obsuriete; 9. F. geminiflorus; 10. B. radiculosum Brid;
11. B.rivulare; 12. P. succulentum; 13. P. rhynchophorum;
14. P. wvesicatum; 15. P. integrum; 16. T. flagellaris;
17. T. bicolor; 18. T. longifolius; 19. B. compressiramea;
20. T. aurea; 21. N. semperiana; 22. H. trichomanoides;
23. H. dronmontagneanum; 24. H. japonicum; 25. H. flavo
limbatums 26. C. burkillii; 27. C. subspinosa; 28. C. kyusyuensis;
29. C. hookeriana; 30. D. decolyi; 31. H. microphyllum;
32. C. fuscatums; 33.C. aciculium; 34. C. gracillimum;
35. B. mittenii; 36. B. wviridefactum; 37. B. planiusculum;
38. B.albicans; 39. B. noguchi; 40. E. hians; 41. E. laxirete;
42. E. filiforme; 43. R. pallenticaule; 44. E. macropodus;
45. C. glabrescens; 46. B. nictans; 47. H. affine;
48. R. multifida; 49. M. conjugata; 50. R. huebeneriana;
51. R. glauca; 52. P. trabeculata; 53. P. sciophila;

54. P. singularis; 55. P. dendroides; 56. P. fordiana;
57. P. yulongensis; 58. P. pulcherrima; 59. P. nitens;
60. L. discreta; 61. L. sordida; 62. L. obscura;

63. L. magohukui; 64. P. endiviifolia; 65. M. crispata;
66. P. ambigua; 67. P. lyellii; 68. D. hirsuta;

69. C. conicum; 70. M. tenerum; 71. P. laevis
Fig. 4 Redundancy analysis two-dimensional ordination
diagram of different species and environmental factors

of Monkey-Ear Tiankeng

*6 BREXRMTHERSERMBEARAEAEESHFEITLE
Table 6 Comparison of diversity of different habitats
between underground forest and edge

of Monkey-Ear Tiankeng

. WM s O OILE
R0 < Rocky
Underground Surface TR
Index desertification
forest forest B
orest
Jr & B % No. of families 23 12 8
Fir & J& %% No. of genera 36 16 17
JIT & A8 No. of species 71 29 22
R R A ; , ,
No. of growth matrix )
-6 T R " \ ,
No. of life-form
Lo JEL AN B
F)f Rl ﬁf%%ﬂ( 32 6 0

No. of hybrid community
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