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Abstract 

The structure uf su~l  arthropod colrlln.lnltles was studled in i ~ v c  ,11c5 along an a l t i t u d ~ n ~ l - ~ l ~ ~ ~ ~ ~ t ~ .  gradient in  We\tcrn 
Crel:. tirrcce ovtr ;l Deriod of dnc \ c . t ~ .  The bites located at lllc 111:l1cr ~ l t~ tudes  had hot11 r ~ : l ~ ~ , r  W I I  .~rthro~od Cduna am1 - 
higher mean annual density of the existing taxa. However, the temporal distribution of overall soil arthropod density 
followed the same pattern across the sites of the altitudinal gradient. Canonical correspondence analysis applied on the 
data ordinated the sites in relation to the response of soil arthropod communities' structure to several environmental 
variables. These variables were the presence of a well-formed organic horizon, vegetation cover, amount of precipita- 
tion, land management and season. The ability of soil arthropod fauna to "classify" sites with different characteristics 
was confirmed. It was concluded that soil arthropods, even at ordinal-level, can be used as "indicators" of the responses 
of mediterranean-climate ecosystems to various environmental variables. 

Introduction 

The two most distinctive features of mediterra- 
nean-climate ecosystems are probably the dominan- 
ce  of sclerophyllous plants in the vegetation and the 
life of numerous groups of hygrophilous invertebra- 
tes deep in the soil (di Castri & Vitali-di Castri 1981). 
In these ecosystems, soil organic matter and water 
availability are the two key environmental factors 
which controll the dynamics of soil invertebrate po- 
pulations (di Castri & Vitali-di Castri 1981). Medi- 
terranean-climate ecosystems have long ago been su- 
bjected to anthropogenic influence or even distur- 
bances, such as deforestation, grazing, agriculture 
and fire. This influence dates back to at least 10000 
years, when agricultural civilizations developed over 
the region (e.g Le Houerou 1981, Naveh 1998). 
Many of the practices applied were more or less su- 
stainable, thus resulting to the establishment of a 
man-maintained dynamic equilibrium (Arianoutsou 
2001). However, the combined effects of climatic 
and human impacts and especially the intensifica- 

tion of above practices started after the Second World 
War, have led to continuous degradation of Medi- 
terranean regions and to landscape deterioration in 
Mediterranean basin (Burke & Thornes 1998, Sta- 
mou 1998). 

Soil arthropod fauna is an ecosystem component 
that it is quite often used as a research tool for many 
reasons. First, soil sub-system has a high number of 
arthropod taxa, usually in high densities (e.g. Ghila- 
rov 1977). Arthropods play an important role in orga- 
nic matter breakdown, hence in nutrient cycling (e.g. 
Mc Brayer et al. 1977, Tian etal. 1997) and they con- 
tribute to the creation and maintenance of a good soil 
quality (e.g. Schrader er al. 1997, Knoepp et al. 2000). 
On the other hand, soil arthropod communities have 
been extensively used as sites 'classifiers' because 
they respond differently to environmental conditions. 
For example, Sgardelis & Margaris 1993, Sgardelis 
et al. 1995, Broza& Izhaki 1997, Mollina er al. 1999, 
Seymour & Dean 1999, Wardle el al. 1999, Bird er 
al. 2000 have used soil arthropods in the classifica- 
tion of sites with different laud management. Bran- 
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quart eta!. 1995, Ponge er al. 1997 have found that 
soil arthropods can be used in the classification of 
forest stands with different productivity and humus 
type. Eijsackers 1983, Rivers-Moore & Samways 
1996 have classified sites disturbed by human activi- 
ties based. on soil arthropods while van Straalen 1998, 
Kay er 01. 1999 and Knoepp et a/ .  2000 have used 
soil arthropods as bioindicators of soil quality. 

This paper reports on a study that has been un- 
dertaken under the framework of an European 
Project. ENV4-CT95-0181, namely 'ERMES 11' (En- 
vironmental Responses of Mediterranean EcoSy- 
stems). An altitudinal gradient located at the west 
part of Crete was one of the three sites studied across 
the Mediterranean. 

The specific aims of the present work are: i) to 
investigate which environmental variables can bet- 
ter "explain" the structure of soil invertebrate com- 
munities and their temporal patterns in mediterra- 
nean-climate localities ii) to ordinate these locali- 
ties according to the structure of soil communities 
and their responses to the environmental variables 
and iii) to evaluate the 'classification' ability of soil 
invertebrates. 

Study sites 

Three localities were selected (Omalos, Rodo- 
pos, Kolympari) along an altitudinal-climatic gra- 
dient of Western Crete ranging from sub-humid con- 
ditions at Omalos location to semi-arid at the lowest 
site of Kolympari (Fig. 1, Fig. 2). 

2. Crete 
3. Israel 

Fip. I .  1.ocations ofthe sites studied along the alritudinal-clirna. 
tic gradient in  Western Crere. 
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Fig. 2. Ombrotherm~c diagrams of the sire3 scudicd along the al- 
titudinal-climalie gradient in Western Crete. 

In Omalos locality two sampling sites were esta- 
blished: one in the foothills (Omalos low=OMl) and 
the other at the middle (Omalos high=OMh) of the 
relevant slope. Rodopos locality was also sampled 
at two distinct sites, one burned a couple of years 
ago and one unburned. Both sites had the same slo- 
pe. Kolympari locality was homogeneous and flat, 
so it was treated as one site. This site was also been 



burned a couple of years ago. All localities were si- 
tuated on south-facing slopes on limestone substra- 
te and they were grazed by sheep and goats. 

At the Omalos locality, which is the upper limit of 
the altitudinal range studied, the vegetation is a well- 
developed maquis with high shrubs and subshruhs. The 
evergreen sclerophyllous tall shrub Quercus coccifera 
and the seasonal dimorphic subshrub Phlomis cretica 
dominate in OMh. OM1 is dominated by a tall deci- 
duous shrub that is Acer sempervirens and by Phlomis 
cretica. 

In Rodopos, two sites were established: one bur- 
ned and one unburned. Rodopos has a different type 
of vegetation. The plant community is phrygana 
with a few scattered evergreen sclerophyllous tall 
shrubs of Quercus coccifera (burned site) and Pi- 
stacia lentiscus (unburned site). Sarcopoterium 
spinosum, a seasonal dimorphic subshrub, domina- 
tes in both sites. 

Kolympari site is of phryganic type too. The do- 
minant plant species is the dwarf shrub Sarcopote- 
rium spinosum and only a few scattered individuals 
of evergreen sclerophyllous tall shrubs Pistacia len- 
tiscus and Olea europaea occur. The characteristics 
of the sites are indicated in Table 1. For vegetation 
cover three classes were distinguished, high, medium 
and low corresponding to a cover over 6090, betwe- 
en 30.60% and less than 30% respectively (Orr, 
1970). At the Omalos' sites, the organic horizon has 
a patchy distribution. A rather thick and loose orga- 
nic horizon (L and F+H layers present) is formed 
under the shrub canopy while among the shrubs a 
thin organic horizon exists (L-layer present) formed 
by the litter falling from the tall shrubs. At the un- 
burned site of Rodopos a thin organic horizon (Land 
F+H layers present) occurs homogeneously throughout 
the area due to the high vegetation cover characteri- 
sing this site. In the recently burned sites of Rodopos 
and Kolympari the organic horizon had not yet being 

formed since its consumption by fire, a vestigial L- 
layer being dispersed scarcely. 

Methods  

The study of the structure of soil arthropod com- 
munities along the altitudinal-climatic gradient was 
realised by collecting sample units of the soil orga- 
nic horizon with a sharp edge cylinder of 100 cm'. 
Fieldwork was performed between June 1996 and 
June 1997. During this period four field campaigns 
were conducted covering the overall seasonal varia- 
tion: June, October, February and May. On each sam- 
pling occasion five randomly distributed samples 
covering the whole range of the site were taken from 
each of the five sites. Each sample consisted of the 
organic layers and the first 2 cm of the underlying 
inorganic soil horizon. Every sample unit was sea- 
led in a plastic bag and was transported to the labo- 
ratory. The arthropods were extracted from the sam- 
ples by means of a Berlese-Tullgren apparatus. The 
specimens were collected in 75% ethanol solution 
with 5% glycerine, identified to the level of order 
and counted under a stereomicroscope. 

Several environmental variables are known to de- 
fine soil community structure as  well as its tempo- 
ral pattern in mediterranean-climate ecosystems (di 
Castri 1973, di Castri & Vitali-di Castri 1981, Ra- 
dea 1989, Sgardelis et al. 1995, David er a / .  1999 
among others). The environmental variables selected 
in the present study were altitude, precipitation, se- 
ason, presence of organic horizon, fire (an indica- 
tion of land management) and vegetation cover The 
values for the latter variable were obtained from 
Arianoutsou & Kazanis (unpublished data). Unfor- 
tunately reliable data about grazing intensity in the 
five localities are not available and, thus, fire is the 
only land management type tested. 

Tobir I. Characteristics of the sites studied along the altitudinal-climatic gradient in Western Crete. 

Characteristics 

Altitude (m) 
Slope ( O )  

Aspect 
Lithology 

Annual precipitation (mm) 
Vegetation cover (%) 
Dominant plants in cover 

Sites 

OMh 
1100 
39 

S210 
Limestones 
(Triassic) 

1570 
Medium 
Quercus 

S210 
Limestones 
(Triassic) 

1570 
Medium 

Acer 

ROu 
300 
6 

S185 
Limestones 
(Triassic) 

950 
High 

Sarcopoterium 

Rob 
300 
6 

S185 
Limestones 
(Triassic) 

950 
Medium 

Sarcopoterium 

KO 
50 
4 

S200 
Limestones 
(Triassic) 

549 
Medium 

Sarcopoterium 
coccifera sempervirens spinosum spinosum spinosum 

Organic horizon's thickness (cm) 2.7-2.3 2.3-2.2 1.9-1.1 <0.5 <0.5 
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The statistical program CANOCOTM 4.0 for Win- 
dows was used for the ordination of sites. The abun- 
dance data of taxa were transformed by taking loga- 
rithms to down-weighted high abundance. Values for 
the environmental variables are either in ordinal or 
in nominal scale. 

Results 

The soil arthropod taxa collected at each site, 
their code name and the mean annual density of the- 
ir populations are shown in Table 2. A comparison 
between the sites studied suggests the following se- 
quences of decreasing richness of taxa and average 
densities OMh>OMlzROu>ROb-KO. The structu- 
re of arthropod communities differed at the five si- 
tes, since the percentages of the various xerophilous 
taxa of soil arthropods, namely Araneae, Polyxeni- 
da, Thysanura, Psocoptera, Coleoptera (di Castri 
1973) were4.2%, 4.8%, 5.7%. 11.8% and 10.3% in 
OMh, OMI, ROu, R o b  and KO respectively. 

The temporal distribution of soil arthropod taxa in 
total followed the same pattern at all sites of the altitu- 
dinal-climatic gradient. The maximum of density was 

observed during the wet period of the year and the mi- 
nimum during the warm and dry period (Fig. 2). 

Canonical correspondence analysis 

Canonical Correspondence Analysis (CCA) was 
successfully performed using the data concerning the 
abundance of soil arthropods and the environmental 
variables mentioned above (Table 3). 

The results of CCA revealed that a high percen- 
tage of variance of the taxa data (54.5%) can be ex- 
plained by the four canonical axes and, moreover, a 
remarkable percentage of the explainable variance 
(95.3%) can he accounted for by the environmental 
variables chosen. 

The ordination of groups of sites and of the ar- 
thropod taxa is depicted on the plan of the first two 
most significant axes of CCA (Fig 4a, 4b). 

Canonical coefficients (Table 4) are sufficient for 
interpreting canonical axes since there were no high 
correlation among the environmental variables (Ta- 
ble 5) (Ter Braak 1986). 

The statistical significance of the relation between 
the taxa and the whole set of environmental variables 

Table 2. Density of soil  arthropod l axa  (ind/m2+SE) in the sires studied along the aitiludinal-climatic gradient in W. Crete. 

Taxa Code name OMh OM1 ROu ROh KO 

Pseudoscorpionida 
Araneae 
Acarina 
Polyxenida 
lulida 
Craspedosomida 
Lithohiomorpha 
Geophilomorpha 
Isopoda 
Collembola 
Hemiptera 
Thysanoptera 
Psocoptera 
Coleoptera 
Emhioptera 
Diptera 
Symphyla 
Diplura 
Protura 
Pauropoda 
Thysanura 
Dictyoptera 
Coleoptera larvae 
Diptera larvae 
Lepidoptera larvae 
Total density 

Pseud 
Aran 
Acar 
Plx 
lul 
Crsp 
Lith 
Geo 
Isop 
Coll 
Hem 
Thys 
Psoc 
Cole 
Emb 
Dipt 
S Y ~  
Dipl 
Prot 
Pau 
Thysa 
~ i E t  
L. Cole 
L. Dipt 
L. Lep. 
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14 Canonical axis 2 accounted for 15.4% of the total 
m 
5 12 variance and was correlated with the organic horizon 
o 10 it=- 12.80). fire it=-7.47). precipitation (I=-6.72) and 

85 E l 2  
vegetation cover (t=4.36). This axis showed that the 

.c m 
r c  6 ,  samples taken during the wet period from the burned 
m :: = 4 2  phrygana sites (organic horizon absent) were quite si- 
P 
"6 2 

milar to those collected during the dry period from 

5 0 
the unburned maquis site (presence of a thick organic 
horizon). This axis also separated two sites, that is 

Jun OCt Feb May OMh and ROu, from each other. Both sites were cha- 
Time (months) racterised by the presence of a well-formed organic 

r,.. i ic",port~ ~ g , ~ t l b ~ ~ . l ~ l n  ~f ~1 i r t ~ ~ ~ p ~ ~ i  C C ~ S I C ~ : ?  .n 1:111 

8 "  lhc '~ lc '  sludaed .,I< ny thc a l t r ! # ~ J ~ r 3 1 - r l l n l l l 1 c  prr!lrrl o f W c -  
stern Crete 

was evaluated using the Monte Carlo permutation test. 
This test showed that the most significant relations were 
the ones with season (p=0.0005), organic horizon pre- 
sence (p=0.0010), vegetiltion cover (p=0.0025), preci- 
pitation (p=0.0235) and fire event (p=0.03 10). 

CCA-hiplot ordination diagrams of arthropod 
taxa and sites (axis 1 and 2, axis 1 and 3) are shown 
in Fig. 4.  

The results of CCA showed that axis 1 accoun- 
ted for 25.5% of the total variance among taxa and 
wascorrelated with the season of the year (I=-10.12). 
Axis 1 was a gradient from the wet to the dry period 
and separated clearly the samples collected during 
the wet period of the year (October, February) from 
those of the dry period (June, May). This fact indi- 
cates that at all sites the structure of the arthropod 
community in the wet period differed completely 
from that in the dry period of the year. This axis se- 
parated also the hygrophilous-mesophilous arthro- 
pod taxa (such as dipteran larvae, Polydesmida, Cra- 
spedosomida. Iulida, Isopoda and Pseudoscorpioni- 
da), which showed the peak of their density during 
the wet period, from the xerophilons-mesophilous 
taxa (such as  Psocoptera, Thysannra, Araneae and 
Hemiptera), which exhibited their highest density 
during the dry period of the year. 

horizon butihe fiist had the thickest organic horizon 
and the latter the thinnest one. Axis 2 separated two 
groups of arthropod taxa; the first consisted mainly 
of Hemiptera, Dictyoptera, Pauropoda, Polydesmida, 
Polyxenida, Isopoda and the second of Iulida, Dipte- 
ra larvae, Psocoptera, Embioptera, Lithobiomorpha 
and Pseudoscorpionida. 

Axes 3 and 4 were less significant and they ac- 
counted for 7.1% and 6.5% of the total variance res- 
pectively. Axis 3 was correlated with vegetation co- 
ver (t=5.90), presence of an organic horizon (k3.85) 
and fire (k2.65) and axis 4 was correlated with pre- 
cipitation (I=-10.80). vegetation cover (I=-4.70). se- 
ason of the year (t=3.72) and fire event ( 1 4 4 9 ) .  

Taking into account the above data and the ordi- 
nation diagram in Fig. 3, it is obvious that the sam- 
ples of ROu constitute a rather homogeneous group 
clearly distinct from the others with respect to orga- 
nic horizon, precipitation, vegetation cover and fire. 

Discussion 

The density of soil arthropod recorded in the 
maquis (OMh. OM1) and the unburned phrygana 
(ROu) sites are much higher than those reported by 
Sgardelis et al. (1981) for other unburned phrygana 
sites of Greece (37620 indlm2). However, the soil 
arthropod fauna of phrygana in R o b  and KO is an 
impoverished one. Soil arthropod density valuesre- 
corded at these sites are considerably lower than tho- 

Table 3. Results of Canonical Correspondence Analysis 

Axis variable Axis 1 Axis 2 Axis 3 Axis 4 Total inertia 

Eigenvalues 0.207 0.125 0.057 0.052 0.811 
Taxa-environment correlations 0.944 0.973 0.877 0.960 
Cumulative percentage variance 

of taxa data 25.5 40.9 48.0 54.5 
of taxa-environment 44.7 71.7 84.0 95.3 

Sum of all unconstrained eigenvalues 0.811 
Sum of all canonical eigenvalues 0.463 
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Tuhie 4. Canonical coefficients and intraset correlation coefficients for the first four ares o f  canonical correspondence analysis 

Canonical coefficients 

Axis variable 1 2 3 4 
Season -0.9833 0.0728 -0.1251 0.3027 
Orghor -0.1155 -1.0825 0.7462 -0.1071 
Vegcover -0.1915 0.2944 0.9 145 0.3883 
Precipit 0.0219 -0.4683 -0.2913 0.9194 
Fire -0.0485 -0.5916 0.4825 0.2412 

se reported by Sgardelis & Margaris (1993) and Sgar- 
delis etal .  (1995) for other burned phrygana of cen- 
tral Greece (10000 indlm'). 

The results of CCA denote that the spatial distri- 
bution of soil arthropod taxa is clearly affected by 
the amount of precipitation, the vegetation cover, the 
presence of a well-formed organic horizon and the 
fire event. It is well known that climatic factors in- 
fluence soil fauna either directly by affecting the soil 
microclimate andlor indirectly through the vegeta- 
tion type they favor (di Castri & Vitali-di Castri 
1981). Vegetation type controls soil fauna through 
the quantity and quality of litter and the physical 
effects of vegetation cover on soil microclimate and 
surface protection (Swift & Anderson 1994). No- 
teworthy is the fact that in mediterranean-type eco- 
systems the amount of soil organic matter is rather 
low (di Castri 1973) and, therefore, its role in the 
structure of soil fauna is of great importance. 

At  the localities of Rodopos and Kolympari, 
where the precipitation is much lower than that in 
Omalos, the dominant plant species is Sarcopote- 
rium spinosum i.e. a low seasonal dimorphic shrub. 
Both summer and winter leaves of this species are 
particularly small (Arianoutsou-Faraggitaki & Dia- 
mantopoulos 1985) and remain intact in the litter 
layer for only a short time (Fousseki & Margaris 
1981). Thus, the organic horizon formed is very thin 
although the vegetation cover is not low. Omalos 
sites are dominated either by an evergreen scle- 
rophyllous tall shrub (Quercus coccifera in OMh) 
or  by a deciduous sclerophyllous tall shrub (Acer 

Table 5. Mutual correlation o f  environmental variables used in < 

sempervirens in OMI). Leaves of both species are 
larger than those of phryganic ones and are shed in 
large amounts (Arianoutson 1989 and personal ob- 
servation). Their relatively low decomposition rate 
(Arianoutsou 1993) leads to the formation of a thic- 
ker organic horizon. Therefore, the high number of 
arthropod taxa and individuals at Omalos' sites is 
mainly attributed to the favourable characteristics 
of the organic horizon as well as to high precipita- 
tion and vegetation cover. 

Canonical Correspondence Analysis ordinates the 
arthropod taxa into two main groups. The first group 
includes taxa, which are greatly depended on the thi- 
ckness of organic horizon. These are Pauropoda, 
Polydesmida, Polyxenida, Isopoda, Geophilomorpha 
(Wallwork 1970, Petersen & Luxton 1982) which pre- 
fer deep organic layers. The second group consists of 
those, which are able to migrate upwards at least du- 
ring the wet period; these are Iulida, Diptera larvae, 
Embioptera, Lithohiomorpha and Pseudoscorpionida 
(Wallwork 1970, Radea 1989, Marmari 1991). 

Fire is another surcharged factor for the R o b  and 
KO sites. Fire alters the quantitative and qualitative 
composition of soil arthropod community (Sgarde- 
lis & Margaris 1993, Sgardelis et al. 1995, Broza & 
Izhaki 1997). In the burned sites the combination of 
low vegetation cover and low precipitation results 
to a poor composition of the arthropod fauna. Xe- 
rophilous-mesophilous arthropods, which are able 
to persist under the unfavourable conditions in the 
soil sub-system, are highly represented. Although 
fire is of comparatively lower significance (Monte 

:anonical correspondence analysis 

Environmental variables 

Season 1 .OOOO 
Orghor 0.0407 1.0000 
Vegcover 0.0406 -0.2520 1 ,0000 
Precipit 0.2748 -0.2893 0.1209 1 .OOOO 
Fire 0.0402 -0.5618 -0.027 1 0.1031 1.0000 
Environmental variables Season Orghor Vegcover Precipit Fire 



Carlo permutation test), there is a notable differen- 
tiation in the structure of the arthropod community 
between the burned phrygana and the unburned si- 
tes. This difference becomes more accentuated when 
burned phrygana sites are compared to unburned 
maquis sites. Samples collected during the favoura- 
hle, wet period in the first sites have similar compo- 
sition with those collected during the unfavourable, 
dry period in the second group of sites. 

It is remarkable that all samples from the unbur- 
ned phrygana at Rodopos formed a distinct and iso- 
lated group (Fig 4A, 4C). This fact reflects the re- 
sponse of the arthropod fauna to the characteristics 
of this specific site, which are different from those 
of all the other sites. It seems that the arthropod com- 
munity in the unburned phrygana consists of taxa 
adapted to the peculiarities of this site and that its 
structure remains rather stable all year round. On 

Fig. 4. Canonical correspondence analysis based an arthropod tax8 density found in the five riles studied along the altttudinal-climatic 
gradient of Western Crete. A. Bipiot ordination of study sites in the space of Axes 1 and 2. B: idem for arthropod taxa. C: Biplot 
ordination of study sites in the space of Axes I and 3 .  D: idem for arthropod taxa. Axis I is horizontal. Axes 2 and 3 are verticals. 
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the contrary, the structure of the arthropod commu- 
nity in the unburned maquis and  in the burned phry- 
gana seems t o  change during the year. This  is pro- 
bably d u e  t o  the vertical migration of  various soil 
arthropod taxa in  the maquis localities and  t o  the 
unstable and unfavourable conditions that fire has  
caused in the burned ones. 

Temporal distribution of taxa depends on the sea- 
son of the year in all study sites. A peak is shown in 
winter, while a sharp decline is presented in summer. 
As  C C A  shows, the highest percentage of variance of  
arthropods' abundance is explained by the seasonali- 
ty of climate. T h e  same seasonal pattern has been also 
reported by previous studies in mediterranean ecosy- 
stems e.g. Aleppo pine forests (Radea 1989, Marmari 
1991), maquis (Legakis 1985, Karamaouna 1987), 
phrygana or degraded garrigue (Magioris 1991, Sgar- 
delis & Margaris 1993, Sgardelis et al. 1995). 
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