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In Cape Range, North West Cape peninsula of Western Australia, there are a number of
caves containing large populations of Schizomus llnei (Schizomidae) amongst a rich
troglobitic fauna containing also a number of other arachnids. S . t,inei occurs only in
caves with high humidities and organic carbon content of the soil; togetherthese account
for 507o of the variance in their occurrence in caves. They have high rates of water loss
and probably can move only between caves that are physically connected below ground.
Major landform features (canyons) separate genetically the populations so that only local
panmixis occurs. The troglobitic fauna is probably derived from a wet tropical forest
litterfauna, although the areais now semi-arid and separatedby >1000 km ofdesert from
the closest potential soLlrce area.

1. Introduction

Until recently, troglobites were thought to be rare
in tropical caves due to the small influence of
Pleistocene climatic changes which were consid-
ered necessary to eliminate the surface popula-
tions of putative troglobites (Vandel 1965, Barr
1968, 1973, Mitchell 1970, Sbordoni 1982). In
addition, Australian caves were considered defi-
cient in troglobites (obligate cave dwellers) com-
pared with other continents (Moore 1964, Hamil-
ton-Smith 1961, Barr 1973). Both of these pre-
sumptions have proved incorect and rich troglo-
bitic faunae have been found in manv troDical

areas (Leleup 1968, Howarth 1983), including
both wet tropical (Chil lagoe in Queensland,
Howarth 1988) and semi-arid tropical (Cape
Range) areas in Australia.

This report concerns Scrfti:omus yineiHarvey,
1988, which is part of a rich troglobitic fauna in
Cape Range on the North West Cape peninsula
(22'S) in Western Australia (Vine et al. 1988.
Harvey 1988, Humphreys et al. 1989 and un-
publ.). The ecosystems depend on allochthonous
or_eanic matter carried into caves by runoff; 25
mm of rain should result in minor inflows into
some caves on average every -5.4 months and deep
flooding every 56 months; however, these inter-
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vals have very low predictability as Cape Range is
situated in that area of Australia with the least
predictable rainfall (Humphreys et al. 1989).

The rich troglobitic fauna in Cape Range in-
cludes a minimum of four arachnids, namely two
spiders, a pseudoscorpion and S. r ' inei.In addi-
tion, there are troglobitic mill ipedes, several
woodlice, cockroaches, carabid beetles and crick-
ets. A large number of other invertebrates are
found whose association with the caves is largely
unknown but many are clearly relicts from a
wetter climate. Most species await formal taxo-
nomic description. The troglobitic fauna is clearly
derived from a humid tropical forest litter fauna
and provides the only evidence of such vegetation
in Cape Range since the Miocene. It is now
separated by the Great Sandy Desert and more
than 1000 km from the closest possible source
area.

S. r'inei has been found in only 1 1 of rhe 212
caves known from the North West Cape penin-
sula; the caves are up to 9.9 km apart and cover I 4
kmr of Cape Range; the troglobitic millipede is
more widespread and covers 25 km2 of the range.
A non-troglobitic schizomid has recently been
found in vine thickets in the north of Western
Australia (B.Y. Main, pers. comm. 1988) and
about 12 non-troglobitic species from the North-
ern Territory and Queensland await description
(M. S. Harvey, pers. comm. 1988).

The caves of Cape Range containing troglobitic
fauna have higher relative humidities (G ,,, =79.41

2. Methods with I dI P<0.001) than those without fauna, have
more water in the mud (G^uj = 18.15 with 1 dli

The methods follow Humphreys et al. ( 1989) with P<0.001), but do not differ in temperature (Fig. 2:
the exception that in addition to S. r ' iner, the G^o=l.22with1df P=0.269).Inaddirion,caves
numbers of millipedes and isopods were esti- containing troglobites have higher levels of or-
mated by mark and recapture methods and their ganiccarbonintheirsoilsforboth S.yinei(Facto-
allozyme variation determined using cellulose rial ANOVAi F,r :s = 21 .34, P<0.001) and for
acetate gel electrophoresis. mil l ipedes (F.,., = 6.144, P=0.013). The troglo-

bitic fauna ocCu.s oue. the entire and very wide
temperature range (11'K) found in the caves of

3. Results and discussion CapeRange.However,theyarerestrictedtoareas
of soil water >72Vo and relative humidity >80o/,

3'1' Caves (Fig. 2). Above 80% R.H. there is a strong positive
correlation between R.H. and the proportion of

The population census was conducted in caves C- caves containing troglobitic fauna (r=0.9g l;
118 and C-162. Cave C-162 (Fig. 1) is broadly p<0.05). such th-at bei*een g5-100o/c R.H. all
open to the outside and contains several large mud caves contain troglobites (Fig. 2). The presence of
banks lying between gulleys draining to a number S.t,inei in caves is closely associated with the

Fig .  1 .  P lan  o f  C-162 (Rock  Bench)  showing the
location of the mudbanks and other features.

of drainage holes. In contrast, the larger cave C-
1 I 8 has only a 1 .5 mr opening (a map of C- I 18 is
shown in Humphreys et al. 1989: Fig. 1).

3.2. Cave environment

/ -o.3 \' u_'l



ACTA ZOOL. FENNICA Vol. 190 . Huntphrer-s: Biolog,toJ'a troglobitit,st:hi:ontid 1 8 3

40 60

R e l a t i v e  H u m i d i t y \%)

2 0

1 8

1 6

1 4

1 2

5 t o
o
c r 8

€
4

2

o

10 20

Soi l  water

t.rp"r"tur" (oJ 
2s 30

Fig. 2. Distribution of relative humidity (%), soil water
content (%) and dry bulb temperature (.C) in the caves
of Cape Range. Shaded areas denote the presence of
S. vinei and f = the number of samples.

amount of organic carbon (C: Fig. 3) and water
(H.O) in the mud-banks, which together account
for half the variance in their occuffence

Y = 0.40 C + 0.017 H.O + 0.084;
F,:+r = 22.25. P<0.00i, adj. 12 = 0.49J.

C-l18 was not wetted in the 12 monrhs be-
tween the sampling periods in 1987 and 1988,
whereas in 1988 C-162 had been flooded within
the previous six months, having been previously
dry and for the most part devoid of fauna. The
troglobites show low resistence to water loss
comparedwithepigean species (Humphreys 1989);
the relative water loss for the spiders, S. t'inei,
cave mill ipedes and cave isopods being 1.0 : 3.1 :
6.8 :  I  1 .1 (Humphreys 1989).

mean organic C

Fig. 3. The frequency distr ibution of organic carbon
(log %) in soi ls from caves in Cape Range. Shaded
areas denote the presence of S. vinei and count = the
number of samoles.

3.3. Population size

The estimated population densities for millipedes,
S.yinei and isopods are given in Table I (isopods
were abundant only in C-162). These are large
populations for troglobites but are not representa-
tive of many of the other troglobitic species in
Cape Range, most of which are known from few
sightings and specimens; the largest being a blind
spider.

3.4. Size class structure

As in 1987 (Humphreys et al. i989). despite the
Iarge reduction in numbers, S . yinei in C- I 18 had
a unimodal size class structure (as did the milli-

Table 1. Population size estimates of S. vinei from
mark-release-recapture experiments from two caves
in Cape Range. Also included are lhe estimates from
C-118 made in July  1987 (Humphreys et  a l .  1989).
Estimates were made using Bayes algorithm (Gazey &
Staley 1986)

Year Cave Populat ion estimates:
Mean Med ian  Min imum"

(%)

1987 C-1 18 1987
1988  C-1  18  858
1988 C-162 1029

3494*3505 1323
990-1 01 0 340
990-1010 573

uThis is the minimum populat jon size estimated with
95% confidence.
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Fig. 4. Size class frequency distribution of S. vlnel in
C-1  18  and  C-162  i n  1988 .

pedes) with the mode at 7 mm, while in C- l62 the
size class structure was polymodal (as did the
mill ipedes) with modes at4,l and 9 mm (Fig.4).
The recent flooding of C- 1 62 had reactivated the
fauna as is evident from the smaller cohorts in the
populations of both millipedes and schizomids
and their expansion of range within the cave. C-
162 dried rapidly over 44 days in all areas
(P<0.001), though more rapidly near the entrance.
Significant changes in soil water in C- 1 18 could
only be detected between years. Wetting and
drying of the mud banks in the caves is associated,
respect ive ly .  wi th expansion and conl ract ion of
the cave fauna populations. The drying of C- 1 62
between 10 August and22 September 1988 was
associated with a contraction of the fauna into
about half the cave area- those parts still with the
wettest soils. In addition. in cave C- I 18 between
July 1987 and September 1988, there was a four
fold reduction in the minimum population size of
S . t, inei. from 1323 to 3 I 8 individuals.

3.5. Population pulses

As suggestedpreviously (Humphreys et al. 1989),
and shown from the genetics data, the caves must
be linked at a level below which cavers can reach.
In these levels, relatively devoid of energy, there
must be a low population of the cave animals.
When caves are wetted and reenersised bv the

influx of organic matter these populations move
upwards into the newly inhabitable areas and
breed (see C- 162 in Fig. a). Until the next influx
of water the caves slowly dry and the populations
retract and then leave entirely those parts of the
cave accessible to cavers.

3.6. Energy flow

The organic carbon content of the soil in C- I 1 8 is
known from samples in 1987 (Humphreys et al.
1989) and 1988, during which time the cave had
no inflow of water or organic matter; the mudbanks
occupy ca 100 mr of the cave. The samples in-
cluded the top 4 cm of soil. were ca l0 mr and on
the main mud-banks had a mean dry weight of
28.8 g (SD 5.1,  n=15).  From 1987 to 1988 there
was a mean reduction of 0.447c in the organic
carbon content of the mud-banks containing the
fauna (Table 2, a-c); this is ca 12500 g organic
carbon, equivalent to ca 140 Mj. I give below a
rough energy calculation for the population of the
top predator in the cave, S. vinei.

The mean population of schizomids was cd
3500 in 1987. The respiration rate of S. r ' iner is
low, about 0.2 ml/mg,ft (Humphreys 1989). Tak-
ing an individual weight of 10 mg then the annual
respiration rate is ca 61 litres of O,. equivalent to
respiration of ca 1.2 Mj (oxycaloric equivalent
ca 20 J/ml O,). The production efficiency for the
animals wil l be ca 0.3 (Humphreys 1979) so the
assimilation of the populations wil l be ca 1.75 Mj,
or ca 1.3c/o of the estimated loss of organic carbon
from the mudbanks. The remaining energy flow

Table 2. The amount of organic carbon (mean %) in
the mud of  C-1 1B in 1987 and 1988,  dur ing which t ime
the cave had not been flooded.

Area of
cavea

f)rnanin 1l tr-tact

1987 19BB

4 A

e30

All samples

U

c
d
e

1.517 '1  .323 2 .381
1 . 7 8  1 . 2 9  8 . 9 4
1  . 8 5  1 . 4 0  1  1  . 6 6
2.04  1 .69  1  .39
1 . 5 0  1 . 2 7  0 . 6 4
0 . 4 2  0 . 1 5  2 7 . 7 4

1  ,76  0 .216
1 , 1 3  0 . 0 1 0
1 , 7  0 . 0 1  1
1 ,7  0 .276
1 ,7  0 .450
1 , 7  0 , 0 0 1

"These areas are shown in Humphrevs et al. 1989
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Fig. 5. Distribution of caves containing S. vlnei in Cape
Range. The canyons are shown which cut through the
Tulki l imestone, in which the caves are formed, and
into the Mandu Calcarenite below. The population is
not panmictic and divides into southern and northern
populations separated by the southern canyon. Points
show caves containing S. vinei. those denoted by
squares were not sampled for genetical analysis.

presumably passes through the microfauna and
the much larger biomass of earthworms, milli-
pedes.  isopods and o lher  species.

This analysis suggests that during a period
without any influx of detritus. such as occumed in
C- I l8 from I 987 ro I 988, that a detailed analysis
of the organic carbon content of the mud could be
used to examine the energetics ofthe cave ecosvs-
tem.

3.7. Genetics

Eight caves were sampled (44 individuals) and 37
enzymes examined and 22 were scored. Of these
19 loci were invariate and three were polymor-
phic. The eight populations examined (Fig. 5) of
S. vinei are genetically similar and the data ale
consistent with the presence of a single biological
species. The sampie sizes are inadequate to con-

duct proper statistical comparisons. However, the
allele and genotype frequencies suggest that the
cave sample sets are not taken from a single
panmictic population. The strongest evidence for
this suggestion comes from the Mdh-2 data (ma-
late dehydrogenase [N{DH, E.C.  1.1.1.37]) ,  in
which the C- 1-59 population exhibits a fixed alle-
lic difference from all other populations. With a
null hypothesis fhat all individuals have come
froma single panmictic population, thenthe chance
of not observing an Mdh-2ab helerozygote in 44
cases (for a population with allele frequencies
a=0.09. b=0.91) is ( 1-2x0.91x0.09)11 = 0.0004. It
is unwise for a number of reasons to use a single
marker to form unequivocal genetic conclusions
(see Richardson et al. 1986). The data for Esr
(esterase IEST, E.C.3.1. 1. I ]) and Pgn (phospho-
glucomutase [PGM. E.C.2.7.5.1]) provide weak
support for the idea that the cave samples do not
come from a single gene pool. There is strong
genetical evidence from the amphipods and milli-
pedes that the canyons which cut through the
Tulki Limestone into the Mandu Calcarenite be-
low prevent panmixis of the populations across
the canyons (Humhreys & Adams. unpubl.) As-
suming that the canyons will affect all troglobites,
the data for S. r'rnel were divided into two groups
representing the northern and southern areas
(Fig. 5). The gene frequencies of two (Mdh-2 and
Pgrr) of the three polymorphic loci differ signifi-
cantly between areas (Fishers Exact P respec-
tively 0.0071 and 0.0009). While the troglobites
clearly are separated genetically by the canyons.
the one non-troglobite (isopod) is panmictic
throughout its known range. This suggests that
the caves were occupied by the troglobites before
the fbrmation of the major landform features (can-
yons) which dominate the area today.

3.8. Origins of cave fauna

The terrestrial component of the Cape Range
troglobitic fauna was probably derived in a man-
ner directly analogous to the glacial relict fauna of
the northem temperate region, with aridity, rather
than low temperature, causing the regional extinc-
tion of the original habitat (rainforest) of the
ancestors of the troglobites, permitting speciation
within the caves.
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