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Correlation Between the Animal Community Structure and
Environmental Factors in Dongbei Cave and
Shuijiang Cave of Guizhou Province

LI Dao-hong ™

(School of Geography and Biology Science, Guizhou Normal University, Guiyang 550001, China)

Abstract: Mollusks, arthropods and chordates which were visible to the naked eye were observed and collected in
Dongbei and Shuijiang caves of Libo county five times between February and July from 2002 to 2005. Four hundred and
forty samples from Dongbei Cave were classified into three phyla, five classes, 10 orders, 20 families and 39 species or
groups of species. Four hundred and ninety-eight samples from Shuijiang Cave were classified into three phyla, six class-
es, 11 orders, 20 families and 25 species or groups of species. Six animal communities were identified in the light belt of
the two caves according to their species types and numbers of individuals in the light belt of two cave. The communities
which have the highest values of species richness community diversity, maximum diversity, evenness, dominance and
community similarity are respectively: B (4.1059), H (2.4716), B (3.3322), E (0.9042), C (0.3442) and A - C
(0.5251) . The community diversity and correlation of environmental factors were also studied. The temperature, humidi-
ty, content of CQy and N, content of organic matter and some inorganic salts in soil were analyzed by Pearson correlation.
The results showed that the content of organic matter in soil is positively related to species number, species richness and
maximum community diversity, with correlations of 0.885, 0.909, 0.868 respectively (two-tailed significance test, P <
0.05), and significantly positively related to diversity, with the coefficient of 0.611, (two-tailed significance test, P <
0.1). This suggests that the content of organic matter in soil is one of the important elements influencing the community
variation of cave animals. Outside the cave, temperature and humidity are important factors impacting on community diver-
sity. As the temperature in all seasons in the cave is stable and the humidity is always high (above 90% ), the temperature

and humidity have weak correlation to community diversity in caves.
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Karst caves are a special and comparatively isolat-
ed ecological system and are ideal sites to study ecolog-
ical processes. Cave biology in China, in particular
cave animals, have not received enough attention and
its research status stays low compared with international
research levels. Furthermore some fields are still un-
studied such as cave ecological geographic features, e-
cological variation, physiology of cave animals and their
origin and evolution. The international research of cave
animals has focused on basic morphological taxonomy,
including discovery and description of new species
(Watanabe, 1992; Sket, 1999), cave fauna taxonomy
(Elliot, 1985; Pech, 1992), cave fauna distribution
(Decu & lliffe, 1983; Sket, 1994) and cave fauna di-
versity (Stewwart, 1998; Divid & Sket, 2000). In
China, a large number of studies on cave animals have
focused on basic morphological taxonomy (Li et al,
2003; Huang et al, 2002; Wang et al, 1989) and e-
cology (Chen, 1985; Li et al, 2002). Information on
community structure has rarely been published both in-
side and outside China, except for data on the commu-
nity structure and animal geography of invertebrates
(Peck, 1981b) . Reports of cave communities and their
evolution have been published both abroad (Shordoni et
al, 1980) and in China (Li et al, 2001) as well.
There have been sporadic reports on the correlation be-
tween environmental factors and community structure,
some reports covering temperature, humidity and pH
value (Gunther et al, 1985; Chapman, 1983; Griffith,
1991; Li et al, 2001). However, reports investigating
the effect of CO; content organic matter and mineral
composition of caves and their correlation with cave
community structures have never been published. This
article is a pilot study and it is hoped that it will stimu-

late global cave fauna study.

1 Natural environment

Dongbei Cave is located in Shuipu village, Yuping
town, Libo County. The cave opening is near the
foothill at 581 m in elevation and oriented 75° toward

the southwest. The geographical position of the oblong
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cave opening is 25°28'49.3" in latitude, 107°53'50.5"
in longitude. The cave is four meters at its maximum
width and two and a half meters at its maximum height.
Shrubs, ferns and lichens grow around the cave with a
paddy field at its front. The total length of the cave is
220 m. The cave is oval shaped. The light belt is nine
meters long with dripping water, moist ground and
stones where plants like lichens and mosses grow. The
dim light belt, which is behind the light belt, is 19 m
in length and there are ripraps and dripping water at its
bottom. The dark belt is 192 m. A fissure in the cave
ceiling stretches to the overlapping area between the
dim light belt and the dark belt. Many tree roots from
the fissure extend toward the end of the cave. Mainly
sinter sediments cover the ground of the dark belt.
Some stalagmites and stalactites are distributed through-
out the dark belt.

Shuijiang Cave is located in Shuipu Village, Yup-
ing town, about four km from Lipo County. There are
two openings at the foothill. The front opening is com-
paratively larger and faces 65° southeast and is at 556
m in elevation. The geographical position is 25°33’
13.6" in latitude, 107°55'19.9" in longitude. A cluster
of shrubs grows in the opening and a stream lies about
15 m in front. The cave is 40 m at its maximum height
and 50 m at its maximum width. The total length of the
cave is 308 m and it is oval in shape. Some small
streams flow from the cave in summer and dry in win-
ter. The light belt is 63 m long and the basal ground is
low in the front and rises to the back, and is comprised
of mainly loose soil and irregular stones. Lichens,
mosses and algae grow in this area. The dim light belt
is 65 m long with dripping water, little soil and a large
amount of collapsing stones. The dark belt is 180 m
long with a large amount of soil and cobblestones on the
bottom and some stalactites with dripping water from the

ceiling.
2 Method

Five surveys on mollusks, arthropods and chor-

dates visible to the naked eye in Dongbei and Shuijiang
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caves were carried out between February and July from
2002 to 2005. Classification of light belts, sample site
selection and sizing, specimen collection were the same
as in Li et al (2001). The geographic coordinates and
elevation were measured with a GPS receptor (eTrex
Venture, USA). Temperature and humidity were mea-
sured with JWS A2 — 2 barothermohygrogram (Beijing
Yaguang Equipment Ltd Company). The pH value of
the dripping water in the caves was measured with fine
pH test paper. Air samples, in bags with the dimen-
sions of a basket-ball, were collected in various light
belts (light belt, dim light belt and dark belt) . The air
samples were analyzed for their content of CO,, O, and
N in the laboratory using a GC-16A chromatogram in-
strument (Daojin Company, Japan). One kg of mixed
soil sample from representative areas of each light belt
were collected to measure the content of organic matter
including Ca, K, Na and P. Soil was analysed using a
PE ICP 5300V. Some faunal specimens could only be
identified to their families or genus due to limited fau-
nal information or the capture only of juveniles.

Species richness was calculated according to the
Richness index by Margalf:

D=(S-1)/InN

Community diversity was calculated according to

the Shannon-Weiner index:

H == S (Pi)[ln(Pi)] -
Dominance was calculated using Simpson’s index:
C= 2: ( TLi/N)z

The degree of similarity is calculated using
Whittaker’s index:

Jo=1-05(2] [ai-bi|)

The correlation was calculated according to the

Pearson Correlation Index:

N =y - y)

i =1

> b - 02 i - 3

i =1 i

r

in which r represents the correlation coefficient, x and
v are the mean values, respectively; x; and y; are the 1

value of x and y, n is the sample number. The range

of r is between + 1 and — 1. When r > 0, the two
variables have a positive association, when r <0, the
two variables have a negative association. When | r| <
0.3, x and y have little association; when 0.3 < 1|
<0.5, x and y are weakly associated; when 0.5< | r
| <0.8, x and y have a significant association; when
Ir1=0.8, x and y have a strong association. As the
diversity units are inconsistent with the units of environ-
mental factors, the primary analysis should be conduct-
ed using standard deviations to avoid dimension influ-

ence.
3 Results and Analysis

3.1 Species (group) composition and relative
numbers

Four hundred and forty animals in Dongbei Cave
were collected, of which 39 species or groups of
species, in three phyla, five classes, 10 orders and 20
families (Tab. 1 and 2) were identified. Four hundred
and ninety-eight animals in Shuijiang Cave were col-
lected and 25 species or species groups, in three phy-
la, six classes, 11 orders and 25 families were identi-

fied (Tab. 1 and 3).

According to Tab. 3, the dominant species in
Dongbei Cave is Diestrammena marmorata , accounting
for 24.55% of the total, which mostly appears in the
dim light belt at 47.50% . The dominant species in
Shuijiang Cave is Myotis myotis, accounting for
28.12% of total species, which mostly appears in dim
light belt at 55.22% .

3.2 Community constitution

According to species composition, individual num-
bers in various belts of caves and environmental fac-
tors, the animals in Dongbei and Shuijiang caves can
be classified into six communities. They are:

Community A: Diestrammena marmorata + Tege-
naria domestica , which are dominant species and dis-
tributed in the light belt of Dongbei Cave, accounting
for 24.66% and 19.18% of the total number of ani-
mals.

Community B: Opilio + Diestrammena marmora-

ta , which are dominant species and distributed in the

Tab.1 Systematic statistics of the animals in Dongbei and Shuijiang caves of Guizhou Province

Species
Cave name Phylum Class Order Family pe}-mea
’ ’ (or species group)
Dongbei Cave 3 5 10 20 39
Shuijiang Cave 3 6 11 20 25
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Tab. 2 The number of individuals of each species or species group (mollusks, arthropods and chordates) within the

three light belt types in Dongbei Cave

Species (or species group) LB DLB DB P Species (or species group) LB DLB DB P

Cyclophoridae Opilio sp. 3 85 3 20.68
Cyclophorus exaltatus 3 0.68 || Agelenidae
Scabrina laciniata 3 0.68 Tegenaria domestica 14 4 28 10.45
Prychopoma sp. 3 0.68 Coelotes luctuosus 2 2 0.91
Platyrhaphe hunana 4 0.91 Agelena difficilis 1 0.45
Cyclophorus martensianus 2 0.45 || Theridiidae
Diplommalina consularis 1 0.23 Achaearanea tepidariorum 2 1 0.68

Subulinidae Psechridae
Opeas striatissimum 1 2 0.68 Psechrus sinensis 1 0.23
0. gracilior 3 3 1.36 || Salticidae

Clausiliidae Euophrys undulatovittata 2 1 0.68
Phaedusa pallidocincta 5 1.14 || Filistatidae
Euphaedusa libonensis nov. sp. 2 0.45 Filistata sp. 2 0.45
E. sp. 3 0.68 || Glyphiulidae

Enidae Glyphiulus valgatus 2 7 2.05
Mirus sp. 2 0.45 || Cambalopsidae

Ariophantidae Podoglyphiulus sp . 7 5 2.73
Kaliella munipurensis 9 2.05 || Paradoxosomatidae
K. polygyra 3 3 1.36 Kronopus sp. 6 8 3.18
K. sp. 1 0.23 Kronopolites sp . 4 8 2.73
Macrochlamys rejecta 3 0.68 || Cryllacridae
M. planula 2 2 0.91 Diestrammena marmorata 18 46 44 24.55
Trochomorpha borealis 16 3.64 || Noctuidae

Camaemidae Sypna picta 3 1.14
Moellendorffia trisinuata 2 1 0.68 || Culicidae 2 5 1.59
Camaena cicatricose 1 0.23 Hipposideridae

Bradybaenidae Aselliscus wheelert 15 3.41
Bradybaena sp . 5 1.14 Hipposideros armiger 12 2.73
Stilpnodiscus vernicinus 9 2.05 | Total 73 209 158 100

Phalangiidae Percentage (% ) 16.59 47.50 35.91 100

LB: Light belt; DLB: Dim light belt; DB: Dark belt.

P: percentage of total. Numbers of individuals are totaled from the five surveys Species over 15% of the total are dominant species; species

between 1 - 15% of the total are common; species below 1% of the total are rare.

dim light
22.01%).

Community C: Diestrammena marmorata + Tege-

belt of Dongbei Cave (40.67% and

naria domestica , which are dominant species and dis-
tributed in the dark belt of Dongbei Cave (27.85% and
17.72%) .

Community D: Boysidia guiyangensis + For-
mosana kiangsiensis , which are dominant species and
distributed in the light belt of Shuijiang Cave (22.75%
and 17.96% ) .

Community E: Diestrammena marmorata + Tipla ,
which are dominant species and distributed in the dim
light belt of Shuijiang Cave (both 19.64%).

Community F: Myotis myotis + Kaliella polygyra ,
which are dominant species and distributed in the dark

belt of Shuijiang Cave (50.91% and 26.19% ).

3.3 Community diversity

The results for community diversity calculations are
listed in Tab. 4 and 5.

According to Tab. 4, Community B has the high-
est species richness (4.1059) . The index describes the
number of species and individuals in the whole commu-
nity; the greater the number of species, the higher the
richness; whereas the greater the number of individu-
als, the lower the richness. Community B is located in
the dim light belt of Dongbei Cave, which is larger than
the light belt, has higher organic matter soil content
(0.77%) and where some low plants grow (such as
lichens and mosses ). Community A has the highest
community diversity (2.4716), reflecting species num-
ber and distribution evenness of each species in the

whole population . In other words , the greater the
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Tab. 3 The number of individuals of each species group (mollusks, arthropods and chordates) within the

three light belt types in Shuijiang Cave

Species or group LB  DLB DB P Species or group LB DLB DB P
Cyclophoridae Uloboridae
Cyclophorus exaltatus 1 1 0.40 Zosis geniculatus 1 0.20
Viviparidae Amaurobiidae
Viviparus rivularis 1 1 0.40 Coelotes sp . 3 0.60
Pomatiopsidae Segestriidae
Iglica sp. 1 0.20 Segestria sp. 1 0.20
Erhaia sp. 1 1 0.40 Lithobiidae
Clausiliidae Bothrolys asperatus 2 3 1.00
Formosana kiangsiensis 30 6.03 Paradoxosomatidae
Ariophantidae Kronopus sp 1 2 0.60
Trochomorpha borealis 3 0.60 Hylomini sp. 1 1 0.40
Kaliella polygyra 3 72 15.06 Cryllacridae
Macrochlamys sp . 7 1.41 Diestrammena marmorata 5 11 12 5.62
Microcystis sp . 2 0.40 Myrmeleontidae
Pupillidae Myrmeleon formicarius 21 4.22
Boysidia guiyangensis 38 5 8.64 Noctuidae
Bradybaenidae Sypna picta 2 0.40
Bradybaena sp . 1 3 0.80 Tipulidae
Oniscidae Tipla sp. 25 11 32 13.66
Pocellio scaber 23 6 5.82 Vespertilionidae
Araneidae Myotis myotis 140 28.12
Araneus ventricosus 13 5 3.62 Total 167 56 275 100
Theridiidae Percentage (%) 33.53  11.24 55.22 100
Achaearanea tepidariorum 3 3 1.20
Annotation is the same as for Tab. 2.
Tab. 4 Richness, diversity, evenness and dominance indices of different communities
Community S D H' o J c
A 18 3.9623 2.4716 2.8904 0.8551 0.1189
B 23 4.1059 2.1411 3.3322 0.6425 0.2228
C 19 3.5448 2.3273 2.9444 0.7904 0.1423
D 15 2.7273 2.1167 2.7081 0.7816 0.1487
E 14 3.2296 2.3864 2.6391 0.9042 0.1175
F 10 1.5168 1.3837 2.3026 0.6009 0.3442

S: No. of species; D: Species richness; H': Community diversity; J':

species and greater the evenness, the higher the diver-
sity and vice versa. Community A is located in the light
belt of Dongbei Cave, where a number of plant species,
such as ferns, lichens, mosses and gramineous plants
grow , which also provide food resources for polyphagous
animals.

In addition, some species such as Diestrammena
marmorata, distributed around the cave entrance,
might migrate into the cave temporarily to avoid low
temperatures in winter or droughts outside the cave and
gradually they have adapted to cave environments and
settled down in the light belt. All these might stimulate
the increase of diversity in the light belt. The highest
evenness is in Community E (0.3442) in the dim light

the degree of similarity; C: Dominance.

belt of Shuijiang Cave where there are no populations of
large species. The sequence of dominant species within
a community from high to low is: Community F
(0.3442) > B(0.2228) > D(0.1487) > C(0.1423) >
A(0.1189) > E (0.1175), which is opposite to the
evenness sequence (E>A>C>D>B>F), reflecting
the negative correlation between dominance and even-
ness (See the analysis in 3.4). The highest dominance
falls on Community F, which is distributed in the dark
belt of Shuijiang Cave, where the largest population is
of Myotis myotis . The good vegetation around Shuijiang
Cave provides sound ecological environment for insects,
which indirectly provides Myotis myotis with abundant
food resources .
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The data in Tab. 5 shows that the three highest in-

Tab. 5 Similarity index between every pair of

dices in similarity are Communities A — C, D — E and A communities
— B in the same cave, while the three lowest are C — Community A B C D E
D, B-D and A - D in different caves. Hence, these B 0.3615
suggest that similarity is generally high between neigh- C 0.5251 0.3192
boring communities (belts) and low between the distant D 0.0629 0.0483 0.0418
communities (belts ). The environmental factors in E 0.3094 0.2647  0.2401  0.5137
neighboring communities are similar but vary greatly be- F 0.0957 0.0692 0.0675 0.1554 0.2529
tween distant communities .
Tab. 6 Values of environmental factors in different communities
H AO AN ACO SK SNa SCa Sp SOM
R R U T (%) (mghe)  (mgke) (%) (mgke) (%)
A 17 90 7.0 21.0 77.0 0.058 5188 464 1.96 826 0.77
B 16 94 7.0 20.6 76.0 0.055 4 533 596 1.48 1075 0.77
C 14 100 6.5 21.0 77.6 0.046 3316 614 1.78 176 0.59
D 23 86 6.9 21.0 77.8 0.045 3 668 958 13.5 4 481 0.42
E 20 91 6.0 21.0 77.8 0.054 2918 318 23.0 1 356 0.46
F 18 95 6.5 21.0 77.8 0.050 2 478 580 31.3 3152 0.34

CO = Community; AT = Air temperature; H = Humidity; pH = pH value; AO = Content of O, in air; AN = Content of N in air; ACO = Content of
dioxides in air; SK = Content of K in soil; SNa = Content of Na in soil; SCa = Content of Ca in soil; SP = Content of P in soil; SOM = Content

of organic matter in soil .

Tab. 7 Values of diversity and environmental factors in different animal communities by standard deviations

Community A B C D E F
Species(S) 0.33292 1.44266 0.55487 -0.33292 —-0.55487 —1.44266
Richness(D) 0.81657 0.96668 0.38016 -0.47438 0.05068  —1.73972
Diversity (H') 0.84608 0.00836 0.48032 -0.05348 0.63012 -1.91140
Greatest Diversity (H' ) 0.25416 1.53600 0.41084 -0.27476 —-0.47496 —1.45128
Evenness(J") 0.77087 -1.01731 0.27714 0.15266 1.18385 -1.36720
Dominance ( C) -0.72085 0.45862 -0.45522 -0.38256  -0.73675 1.83676
Temperature (AT) -0.31623 -0.63246 -1.26491 1.58114 0.63246 0.00000
Humidity (H) -0.55523 0.27762 1.52689 —-1.38809 -0.34702 0.48583
pH value (pH) 0.88900 0.88900 -0.38100 0.63500  -1.65100  -0.38100
0,(A0) 0.40825  -2.04124 0.40825 0.40825 0.40825 0.40825
N, (AN) -0.46107 —-1.84428 0.36886 0.64550 0.64550 0.64550
CO,(ACO) 1.28142 0.70478 -1.02514 -1.21735 0.51257 —-0.25628
K(SK) 1.48104 0.83625 -0.36177 -0.01526  -0.75356  —-1.18670
Na(SNa) -0.58484 0.03606 0.12073 1.73885  -1.27160  -0.03920
Ca(SCa) -0.80144 -0.83912 —-0.81557 0.10440 0.85011 1.50162
P(SP) -0.62408 -0.47148 —-1.02243 1.61587 -0.29927 0.80140
Organic matter(SOM) 1.15790 1.15790 0.17323 -0.75674 -0.53792 —-1.19437

3.4 Analysis of correlation between community di-
versity and environmental factors

The environmental factors in each community were
measured in summer (including temperature and con-
tent of CO, and organic matter in soil) . The values are
shown in Tab. 6. The correlations between environmen-
tal factors and diversity in various communities were an-
alyzed with SPSS12.0.

Correlation of the indices listed in Tab. 7 were

calculated according to Pearson Correlation and the cor-
relation coefficient matrix is listed in Tab. 8.

From Tab. 8, it appears that N content is strongly
negatively related to species number and to maximum
diversity. The correlation coefficients are — 0.823 and
- 0.844, respectively (two-tailed significance test, P
<0.05). Ca content in soil is strongly negatively relat-
ed to species number, species richness and the maxi-
mum community diversity . The correlation coefficients
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Tab. 8 Pearson correlation coefficient matrix of different species in animal communities in Dongbei Cave and
Shuijiang Cave
s D g H' max I c AT H pH A0 AN ACO SK SNa SCa sp

D 0.903

H' 0.597  0.853*%

H'max  0.995%* 0.896* 0.583

J'0.041 0424 0.826* 0.025

C -0.38 -0.674 -0.956** -0.375 -0.918**

AT -0.519  -0.414 -0.113 -0.461  0.208 -0.111

H 0203  0.038 -0.16l 0.151 -0.315  0.302 -0.869*

pH  0.524  0.344  0.046 0.520 -0.332  0.043 -0.080 -0.264

A0 -0.707 -0.474  0.004 -0.752  0.498 -0.225 0310 -0.136 -0.436

AN -0.823% -0.683  0.218 ~0.844% 0.321  0.044 0455 -0.100 -0.618  0.904*

ACO  0.273  0.477  0.295 0.20  0.152 -0.103 -0.231 -0.139  0.127 -0.345 -0.578

Sk 0.727  0.783  0.576 0.719  0.184 -0.428 -0.208 -0.287 0.777 -0.410 -0.724  0.559

SNa  0.02 -0.244 -0.251 0.028 -0.328  0.117 0.391 -0.294 0.57 -0.018 0.105 -0.721  0.020

SCa —0.921%* ~0.879% —0.683 -0.888* -0.204  0.531  0.504 -0.140 -0.611  0.411  0.640 -0.172 -0.804 -0.124

SP-0.597  -0.706 -0.566 -0.554 -0.298  0.355  0.831% -0.619  0.126  0.231  0.429 -0.482 -0.340  0.677  0.569

SOM_ 0.885*  0.908* 0.611 0.868* 0.120  -0.378 -0.571  0.120  0.571 -0.567 -0.842* 0.615  0.891* -0.240 -0.874* —0.693
**P <0.01 (Two-tailed test) ; * P<0.05 (Two-tailed test) ; R = Pearson correlation coefficient; S =No. species.

are — 0.921, - 0.879 and - 0.888, respectively mum community diversity and positively related to com-

(two-tailed significance tests: species number, P <
0.01; species richness and maximum community diver-
sity index, P <0.05). Content of organic matter in soil
is strongly positively related to species number, species
richness and the maximum community diversity. The
correlation coefficients are 0.885, 0.909 and 0.868,
respectively (two-tailed significance test, P < 0.05).
Other environmental factors are not significantly correlat-
ed to community diversity.

Amongst all indices, species number is strongly
positively related to species richness and community di-
versity. The correlation coefficients are 0.903 and

0.995,
species richness, P <0.05; community diversity, P <

respectively  ( two-tailed significance test:
0.01) . Species richness is strongly positively related to
community diversity and the maximum community diver-
sity. The correlation coefficients are 0.853 and 0.896
(two-tailed significance test, P < 0.05). Community
diversity is strongly positively related to community
evenness and strongly negatively related to population
dominance. The correlation coefficients are 0.826 and
—0.956 respectively (two-tailed test: community even-
ness, P < 0.05; population dominance, P < 0.01).
Community evenness is strongly negatively related to
population dominance. The correlation coefficient is —
0.918 (two-tailed significance test, P <0.01). The re-
maining factors are not significantly associated .
5 Discussion

The calculation and analysis in 3.3 proved that en-
vironmental factors manipulated the indices of communi-
ty diversity, while those indices were correlated and in-
fluenced each other. The data in Tab. 8 suggests that
the organic matter content is significantly positively re-

lated to species numbers, community richness and maxi-

munity diversity. Thus we concluded that many environ-
mental factors in the cave influence the community di-
versity, such as daylight illumination, temperature, hu-
midity, pH value, CO,, soil organic matter and various
minerals, of which the content of organic matter is the
main factor. Organic matter can be brought into the
cave through air currents, plants growing near the en-
trance and bats and other animals. At the far end of the
cave, organic matter in soil comes from seeping water
and then becomes the food for many polyphagous inver-
tebrates such as mollusks and diplopods. Animals high-
er in the food chain (spiders and bats) then eat these
insects and the food web in the cave has thus been
formed. Outside the cave, temperature and humidity
would be important factors impacting community diversi-
ty. As the temperature in all seasons inside the cave is
stable and the humidity is always high (above 90% ),
the temperature and humidity have weak correlation to
community diversity (See Tab. 8).

Some abundant species, like Trochomorpha bore-
alis and Kaliella polygyra , inhabit the dark belt of the
cave and their shells became flimsy and colors faded due
to their long stay in the dark belt. The origin and evolu-
tion of these animals should be particularly interesting to
science. In such special habitation, especially in the
dark belt, animals vary easily and the rate of evolution
will be higher than outside the cave. When variations
accumulate to a certain degree, new subspecies or
species may occur. For example, the new species Eu-
phaedusa libonensis has been found in Dongbei Cave (Li
et al, 2003). As caves are ideal sites to study the origin
and evolution of cave ecological systems, it is necessary
to preserve primitive cave habitation. Recently, some

large caves with good landscapes have been opened to
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tourists since the development of the tourism industry.
However, neither useful methods nor good experience
has proved successful in balancing cave tourism and
preservation of cave fauna. However, some international
methods can be used for reference, for example that
specific parts or branches of caves are isolated and only
open for scientific use in Postojna, Slovenia.
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