Ann. For. Res. 52: 27-54, 2009

ANNALS OF FOREST RESEARCH
www.e-afr.org

Soil and saproxylic species (Coleoptera, Collembola,
Araneae) in primeval forests from the northern part
of South-Easthern Carpathians

E. Nitu, N. Olenici, 1. Popa, A. Nae, L.A. Biris

© ICAS 2009

Nitu E., Olenici N., Popa 1., Nae A., Biris .A. 2009. Soil and saproxylic species
(Coleoptera, Collembola, Araneae) in primeval forests from the northern part of
South-Easthern Carpathians. Ann. For. Res. 52: 27-54

Abstract. In 2006-2007 we carried out faunal investigations in the vernal, estival
and autumnal seasons in the scientific reserve "Codrul Secular Giumalau" using
quantitative sampling methods. We identified 189 species of Coleoptera, 70 of
Collembola and 20 of Araneae. Of these, 11 phytophagous, 18 myceto/xylo-myce-
tophagous, 9 mixophagous, 18 xylo- and cambio-xylemophagous, 38 saproxy-
lophagous, 125 (55 Coleoptera, 70 Collembola) detritivorous (sapro-, copro- and
necrophagous), 60 (40 Coleoptera, 20 Aranea) predators/parasitoids. Hymenaphoru-
ra polonica Pomorski, 1990 (Collembola), and Leiodes rhaeticus Erichson, 1845
(Coleoptera, Leiodidae), are recorded for the first time in the Romanian fauna. The
rare species and characteristic species for the old primeval spruce forests are analysed
for each studied taxonomic group. The species richness and faunal diversity from the
Giumalau primeval spruce forest are compared with those of other very well pre-
served forests from the Carpathians scientific reserves (Codrul Secular Slatioara,
Pietrosul Rodnei). The species abundances were used to compute the similarity
indexes between the sampled sectors of forest and to perform Cluster Analysis. We
observed that the dead wood in the 2"-6" phases of decomposition has a great influ-
ence not only on the saproxylic species but also on the soil fauna like ground beetles
(Carabidae) that use the logs as ecologic microrefuges (winter refugees or diurnal
refugees). The structure of the soil fauna is influenced by wood extraction from the
forest ecosystem or by natural perturbations, this consisting in the appearance of
opportunistic species as Orchesella pontica (Collembola) and in decreasing of
species richness of Carabidae (Coleoptera).
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Introduction

Although some of the largest and well pre-
served virgin forests in Central and Eastern
Europe are to be found in Romania, prior to the
present study no quantitative and seasonal
studies have been carried out on the coleopter-
an fauna in these forests.

The knowledge of the species diversity and
species richness of such well preserved natural
ecosystems is very important in grounding a
standard of biodiversity useful in comparative
studies and in estimating the depreciation
degree of similar ecosystems but more or less
influenced by the human activity.

The principal purpose was the evaluation of
biodiversity of three invertebrate groups with
high relevance in ecological studies
(Coleoptera, Collembola, Araneae) due to
their top position among decomposers and
predators in all types of terrestrial microhabi-
tats. The species richness and diversity of
Coleoptera, Collembola and Araneae from the
virgin forests could be used as a standard in
future environmental studies, being a consis-
tent datum point for the future studies of forest
ecology. The use of such taxonomic groups as
ecological markers in order to evaluate and
control the degree of conservation and ecosys-
tems vulnerability is a long practice in Europe.
The experiments carried out by Ponge (1980)
on Collembola, by Dajoz (1980) on Araneae
and Coleoptera show the importance of these
groups on soil and litter evolution - as factors
of biodegradation, or as natural estimators of
the dynamics and stability of ecosystems
(Brandmayr et al., 2005). As Cerretti et al.
(2003) mentioned "the knowledge of the
quantitative composition of the fauna of an
area, in an international, national, regional or
local level, it is the starting point for the setting
up of conservation strategies regarding partic-
ularly important natural environments. There-
fore, the list of the species present in a certain
territory do not only provide basic ecological
and faunistic notions, but are also a necessary
instrument for correct environmental plan-
ning".

Furthermore, using similar target taxonomic
groups, analised with similar statistical me-
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thods presently used in other European coun-
tries (Ponel 1993, Trautner & Miiller-Motzfeld
1995, Nardi 2004, Nardi & Vomero 2007), we
target to integrate our results in the larger study
of the European pattern of diversity of natural
environments.

Materials and methods

We sampled fauna in eight sampling areas of
100 m* each. The plots were superimposed
over the regular inventory network (100 x 100
m) established in the core area of the forest
reserve in 2004 and covering 165 ha in total.
Four sampling areas (F11, F13, G11, G13)
were located at 1240-1295 m altitude and the
others (N11, N13, O11, O13) at 1480-1525 m,
the horizontal distance between the two groups
being of about 800 m (Fig. 1).

We used two trapping methods: pitfalls (Bar-
ber traps) of 110 mm diameter and window
traps (9 pitfalls at | window trap in each area).
Where possible the pitfalls were placed near or
under fallen stumps. As experimental design
for sampling areas we used the "systematic
model" of interspersing and the "homogenous
experimental units" design for the pitfalls in
each 100 m* sampling site. These designs
achieve maximum interspersion of treatments
at the statistical risk of errors arising from a
periodic environment, being considered one of
the most acceptable sampling models "that
increase precision in any statistical compari-
son" (Krebs 1989, p. 272-275). For the soil's
fauna, the same sampling design for pitfall
traps was used in Giumalau (Nitzu & Olenici
2009), Rodna (Nitzu et al. 2008) and Slatioara
(Nitzu & Nae 2006).

Window traps were made of polyethylene
film caught on a wire frame. The two panels
having the dimensions of 400 x 600 mm were
willing to cross. Under them a funnel with a
diameter of 40 cm and 40 cm height was set, at
the bottom with a plastic drum with a capacity
of 1L. Above the panels, it was set up a cap
with a diameter of 600 mm designed to reduce
the volume of rainfall arriving in the trap. To
be accessible from every direction, each trap
was suspended with plastic string between
trees, therefor the nearest tree was at least 1 m
distance, and the mouth of the funnel being at
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1 m from the ground. For insect conservation
in the field, we used a solution of water, salt
(NaCl) and detergent.

The samples were verified and emptied
weekly (Barber traps) or at a period of two
weeks (window traps); the sampling periods
were: May 15-30; July 15-30 and September 1-
15. For preparation and identification of sam-
pled material we used Olympus SZ60, Stemi
SV-11, Stemi-2000 and Discovery V8§ stereo-
scopes, and Olympus CH-2 microscope.

The faunal differences between the investi-
gated areas were analysed using cluster analy-
sis based on species abundance (Bary-Curtis
and Euclidean distance methods), followed, to
enable better interpretation, by correspondence
analysis (according to Ludwig & Reynolds
1988, Krebs 1989). The species richness was
estimated using the Jack-knife method. For
statistical analysis we used COA.BAS,
CLUSTER.BAS (Ludwig & Reynolds 1988)
and Biodiversity Professional V.2 (McAleece
1997) programs. Because the two species of
collembolans with abundances much larger
than general average were occurred, we used
the data transformation Log (1+y) in base e.
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The terms F11-O13 are those from the sam-
pling areas established by ICAS (Fig. 1).

Results

For the Giumaldu scientific reserve only, we
collected and identified 190 species of
Coleoptera (33 families), 70 species of
Collembola (3 Orders, 11 families) and 20
species of Araneae (7 families) (Fig. 2 a, b, ¢
and Annex 1).

Reffering to the identified species in Giu-
malau presented above, these represent
76.23% of the number of species of soil and
saproxylic Coleoptera (239 estimated species),
87.5% of the number of species of Collem-
bolans (80 estimated) and 80% (25 estimated)
of those of Araneae predicted using the Jack-
knife 2 estimator (Fig. 3 a, b, ¢).

If we compare the estimated richness of
Coleoptera species in Giumalau forest with
that recorded in other Norway spruce forest of
Europe (e.g. Martikainen et al. 2000), we
should conclude that our scientific reserve has
a quite low diversity of beetles. In fact, the

o =100 m2 sampling area

(9 pitfalls - black circles and 1 window trap - white circle in the right detail)

Figure 1 The research area (165 ha) showing the sampling grid and a sketch of the individual sampling

areas
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Figure 2 The percentage of species and their distribution per family at Coleoptera (a): 41% Staphylinidae,
14% Curculionidae, 6% (each) Carabidae and Leiodidae, 3% (each) Cerambycidae, Cryptophagi
dae, Elateridae, Leiodidae, Scarabaeidae, 2% (each) Melandryidae, Nitidulidae, and 1% Geotru-

pidae (one of the most frequent in the area

but represented by only Anoplotrupes stercorarius);

Collembola (b): 22% Neanuridae, 17% Hypogasturidae, 14% Entomobryidae, 11% Isotomidae,

10% Onychiuridae, 6% Arrhopalitidae and

4% (each) Katiannidae, Sminthuridae, Dictyomidae,

Isodontellidae; Araneae (c): 70% Lyniphiidae and 5% each the other families.

number of species recorded by us reffers main-
ly to the soil and saproxylic species and it
could be also the result of a quite low sampling
effort/smaller forest investigated area. It can
also be explaiend by the specific microclimatic
features that induce low diversity but as it
could be observed (Annex 1), a high degree of
endemicity.

Twelve Coleoptera species that could not be
captured in our eight sampling areas during the
sampling periods, were captured in window
traps or by direct sampling in other areas of the
reserve or in other time periods. These are:
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Cryphalus saltuarius Weise 1891, Crypturgus
pusillus (Gyllenhal 1813), Dendroctonus
micans (Kugelann, 1794), Ips duplicatus
(Sahlberg, 1836, Ips amitinus (Eichhof, 1871),
Phthorophloeus spinulosus (Rey 1883) and
Xylechinus pilosus (Ratzeburg 1837) (Scolyti-
dae), Cornumutila quadrivittata Gebler 1830,
Judolia sexmaculata (Linnaeus 1758) (Ceram-
bycidae), Anthaxia quadripunctata (Linnaeus,
1758) (Buprestidae), Calopus serraticornis
(Linnaeus, 1758) (Oedemeridae), Xestobium
rufovillosum (De Geer 1774) (Anobiidae) and
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Ceruchus chrysomelinus (Hochenwarth, 1785)
(Lucanidae). Due to the comportamental par-
ticularities of the adults, some other species as
Hylastes ~ brunneus  Erichson 1836,
Monochamus sartor (Fabricius, 1787), Pri-
onus coriarius (Linnaeus, 1758) could be cap-
tured only using the direct collecting methods.
Our methods were selected to be efficient for
soil species and for the most of saproxylic
species, but they are less efficient for the most
of the planticolous species (Chrysomelidae,

Curculionidae, Oedemeridae, Mordellidae
etc.).
Some other species were previously

observed or collected by us in the area or the
forests surroundinding the investigated area
and we expect to be present in the scientific
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reserve too. Thus, we found Orthotomicus
suturalis (Gyllenhal 1827), Otiorhynchus
coecus Germar, 1824 (= Otiorhynchus niger
(Fabricius) Auctorum), Monochamus sutor
(Linnaeus, 1758), Molorchus minor (Linnacus,
1758), Callidium violaceum (Linnaeus 1758),
C. aeneum (DeGeer 1775), Arhopalus rusticus
(Linnaeus 1758), Ernobius mollis (Linnaeus,
1758) in other spruce forests of Rarau-Giu-
maldu Mountains, and some longhorn beetles
living on spruce like Pidonia lurida (Fabricius
1792), Anastragala dubia (Scopoli 1763),
Pachyta quadrimaculata (Linnaeus 1758),
Lepturobosca virens (Linnaeus 1758) are men-
tioned in the literature (Panin & Savulescu
1961, Gurau & Ciubotaru 2006) from this
region too.

All these aspects indicate the necessity of a
higher sampling effort, including simultaneous
using of different sampling methods in order to
have a good estimation of faunal diversity.
This is especially the case in seeking-for rare
species (see e.g. Martikainen & Kouki 2003).

We inventoried 280 species from the follow-
ing trophic categories: 11 phytophagous, 18
myceto/xylo-mycetophagous, 9 mixophagous,
18 xylo- and cambio-xylemophagous, 38
saproxylophagous, 125 (55 Coleoptera, 70
Collembola) detritivorous (sapro-, copro- and
necrophagous), 60 (40 Coleoptera, 20 Aranea)
predators/parasitoids. For the Coleoptera,
which represents the unique taxonomic group

30

No. of species
= g N
=] n =3

o

2 4 6 8
3¢ Pooled samples

Figure 3 Accumulation curve (smooth line) and predicted number of soil and saproxylic species (line
with filled circles) using the Jack-knife2 estimator (£1) for Coleoptera (a), Collembola (b)

and Araneae (c).
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with representatives in all trophic categories

(all Collembolans are detritivorous and all
Araneae are predators), the distribution of

trophic categories, each represented by a num-
ber of species, among ecological groups
(according to the terminology proposed by
Bouget et al. 2005) is given in Annex 1.
Taking into consideration the quantitative

F11

OVernal
W Estival
OAutumnal

Figure 4 The Radar diagram of the the cumulated
abundances of springtails per sectors and
seasons in the Giumalau forest
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Figure 6 The Ra(?a?diagram of the the cumulated
abundances of soil and saproxylic bee-
tles per seasons and sectors in the Giu-
malau forest
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Figure 8 The Radar diagram of the the cumulated
abundances of spiders per sectors and
seasons in the Giumalau forest
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sampling, the seasonal differences between the
studied areas are illustrated by the cumulated
abundances of species per sectors (as general
representation at "macrotaxonomical" scale)
(Fig. 4, 6, 8) and by the species richness (Figs.
5,7,9)

A more synthetic analysis, taking into con-
sideration both species richness in each sector

20

fe)
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O Vernal
o1 5 G11 | gEstival
O Autumnal
N13 G13
N11

Figure 5 The Radar diagram of the species diversi-
ty of springtails per sectors and seasons
in the Giumalau forest
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Figure 7 The Radar diagram of the species diversi-
ty of soil and saproxylic beetles per sec-
tors and seasons in the Giumalau forest
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OAutumnal

N11
Figure 9 The Radar diagram of the species diversi-

ty of Araneae per sectors and seasons in
the Giumalau forest
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and their specific abundances is given by the
cluster analysis.

The cluster analysis for the sampled areas
based on cumulated data for vernal, aestival
and autumnal seasons illustrates the general
similarity between areas. For a better interpre-
tation of data, we performed cluster analysis
using two different methods: Euclidean dis-
tance and Gropup Average Link method (Fig.
10) and Bary-Curtis with Group Average Link
method (Fig.11).

1
100

Figure 10 Dendrogram of sampled
areas based on the abundances of
Coleoptera, Collembola and
Araneae (cumulated data for ver-
nal, aestival and autumnal sea-
sons) (Euclidean distance, Group
Average Link).

Figure 11 Dendrogram of sampled

areas based on the abundances of
Coleoptera, Collembola and
Araneae (cumulated data for ver-
nal, aestival and autumnal sea-
sons) (Bary-Curtis Method, Group
Average Link)

It could be observed that, putting the accent
on the rare species and on the species with low
abundances (Euclidean distance and Group
Average Link Method), the F11 and O11 areas
are the most dissimilar from the faunal point of
view (Fig. 10), situation also suggested by
Correspondence Analysis (Fig. 12)

Using the Bary-Curtis with Group Average
Link method (Fig. 11), that is more influenced
by the species with high abundances, but less
sensitive at the rare species and species with

33



Ann. For. Res. 52, 2009

>

Q)

=
s

Research papers

A
F11

A
013

-2 L

-1,5 1

0,5

A
o1

Axs 1

Figure 12 Correspondence analysis for 8 sampling sites in the Giumalau forest based on Coleoptera,

Collembola and Araneae abundances

low abunadnces, we observe that the studied
areas are clustered concordant to their altitudi-
nal distribution (the areas N11, N13, O11, O13
being situated near to 1500 meters altitude and
F11, F13, G11 and G13 situated in areas sur-
round 1200-1300 meters altitude)

The comparative faunal analysis

To appreciate how significant is the faunal
structure of this primeval spruce forest for the
forest ecosystems from the South-Eastern
Carpathians, we turn for comparisons, to our
previous studies on fauna of other strictly pro-
tected primeval forests from the same geo-
graphic area: the primeval mixed forest from
the Scientific Reserve "Codrul Secular Sla-
tioara" (Nitzu & Nae 2006) and the primeval
spruce forest from the Rodna Mountains Bios-
phere Reserve (Nitzu et al. 2008). For this
comparison we used only the data concerning
the edaphic species occurred in the vernal sea-
son, the richest in species (referring to the Giu-
maldu only, the species number in the vernal
season consists in 126 coleoptera/52 collem-
bola/13 aranea versus 103/30/14 species in the
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aestival season and 62/31/11 in the autumn).
Of the total of 268 soil species inventoried in
the Giumaldu, Slatioara and Rodna spruce
forests, 73 are common for Rodna and Giu-
malau, 50 for Slatioara and Giumalau and only
37 were observed in all three reserves.

The similarity matrix based on the presence
(1) or absence (0) of species in Giumalau,
Rodna and Slatioara is presented in Table 1.

The proportion between the soil species of
collembolans, coleoptera and spiders are more
or less similar in all three forests for the vernal
season (Fig. 13), the most rich in species being
the order Coleoptera (76/56/61), followed by
Collembola  (50/53/30) and  Araneae
(35/14/28).

More information on the coleopteran eco-

Table 1 The similarity matrix for Giumaldu, Rodna,
Slatioara based on soil species (Collembo-
la, Coleoptera, Araneae)

Area Giumalau Slatioara Rodna
Giumalau * 38,8664 543554
Slatioara * * 36,6906
Rodna * * *
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Figure 13 The number of species of Collembola, Coleoptera (edaphic species) and Araneae for vernal
season in three protected primeval forests of South-Eastern Carpathians

faunistic associations in the Giumalau virgin
Norway spruce forest was presented by us in a
recent paper (Nitzu & Olenici 2009).

Discussion

Several eco-faunistic aspects could be pointed
out and discussed for the virgin Norway spruce
forest "Codrul Secular Giumalau".

From the faunistic viewpoint, Hymenapho-
rura polonica Pomorski, 1990 (Collembola,
Onychiuridae) and Leiodes rhaeticus Erichson,
1845 (Coleoptera, Leiodidae) are for the first
time recorded in the Romanian fauna.

Hymenaphorura polonica is a sapro-
xylophagous species, specialised on wet and
rotten wood (Pomorski 1998), while Leiodes
rhaetica is a mycetophagous beetle considered
as a very rare species in Europe since 1900
(Reitter 1900, Kuhnt 1912) and it is characte-
ristic for old, virgin forests, with a high degree
of naturalness.

Among the collembolans, Deutonura stachi
(Gisin 1952) and Pseudachorutes corticicolus
(Schaffer 1897) were recently recorded in the
Maramures Mountains (Laszl6 et al. 2006),
our study indicating that this species is spread
over larger areas in the South-Eastern
Carpathians. Other rare species, recorded here
for the first time in the South-Eastern Carpathi-
ans are Arrhopalites principalis Stach, 1945,
known up to now only in caves from Banat
(Pestera cu Apa din Cheile Garlistei and
Pestera de dupa Carse) (Gruia 2000) and in

Natural Reserve Cheile Varghisului (Nitzu et
al. 2007) and Xenylla maritima Tullberg 1869,
prior to the present study known only in
Dobrogea (Gruia 1965) but recently found by
us in the mountain zone in the Biosphere
Reserve Pietrosul Rodnei (Nitzu et al. 2008).
Other collembolan species like Neanura
parva, Pseudachorutes corticicolus are cha-
racteristic saprophagous for coniferous forests.

Among the Coleoptera's, Tachinus margin-
ellus (Fabricius 1781), Agaricophagus
cephalotes W. L. E. Schmid, 1841 (Leiodidae),
Xylita livida Sahlberg, 1834 (Melandryidae),
Salpingus ruficollis (Linnaeus, 1761) (Salp-
ingidae), Cornumutila quadrivittata Gebler
1830 (Cerambycidae) are very rare species,
indicators for primeval coniferous forests.

If we consider all 19 bark beetle species
caught in Giumalau forest, they represent
almost 68 % of the total number of scolitid
species which are associated with Picea abies
in Central Europe according to Pfeffer (1995).
This is a very high proportion, because the
most insect species mentioned by Pfeffer, and
which have not been found so far in Giumalau,
are normally associated with tree species from
other coniferous genera like Pinus and Larix,
or they are polyphagous, living mainly on
broadleave species and only sometimes on
conifers. On the other hand, in Europe Ips
duplicatus usualy occurs at lower altitudes, up
to 1000 m (Zubrik et al. 2006, Holusa &
Knizek 2007), and its abundance decreases
very much in mountain zone (Holusa 2004),
while Orthotomicus suturalis (Gyllenhal 1827)
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prefers the trees which previously have been
damaged by fire (Pfeffer 1995), and such trees
are not to be found in Giumalau forest.

Longhorn beetles are also quite well repre-
sented, although many other species mainly
associated with spruce remain to be found.
Thus, out of 23 species, whose larvae develop
especially on Picea, and which were previous-
ly mentioned from Romania (Panin & Savules-
cu 1961, Bense 1995), we found only eight
species. On the other hand, the most abundant
longhorn beetle species were Evodinus
clathratus and Alosterna tabacicolor, which
develop ususaly on broadleave wood. This it
could mean that we should expect to find also
other species from this category, altough
broadleave tree species seem to lack in the
reserve.

The most longhorn beetle species from Giu-
maldu have been repeatedly observed in sever-
al other mountain forests of our country (Panin
& Savulescu 1961, Gurau 2005), but Cornu-
mutila quadrivittata was aparently found only
in Fagaras Mountains, in 1957 (Panin &
Savulescu 1961). This confirms its rarity in
Carpathian Mountains (Witkowski et al. 2003,
Hoskovek & Rejzek 1997-2007).

Regarding to the distribution of trophic cate-
gories among microhabitat preferences, the
greatest number of predator species of
Coleoptera (preponderantly belonging to
Carabidae and Staphylinidae families) are soil
species, but over 70% of these depend on logs
as ecological micro-refuge, essential for the
species survival during the vernal or hibernal
periods of inactivity. The corticolous predators
(species which hunt on or under bark) are re-
presented by some species of Staphylinidae
(Annex 1) and Cleridae (Thanasimus formi-
carius, Thanasimus femoralis). These hunt
especially cambiophagous species (which feed
with cambium) of Scolytinae. A rare corti-
colous species, characteristic for old conifer-
ous forests is Salpingus ruficollis, its larvae
being parasitoids on Scolytinae.

The sapro-lignicolous beetles (which live on
dead wood in different stages of decomposi-
tion) belong to many families (Annex 1) and
are mainly represented by sapro-xylophagous
(consumers of decomposed dead wood) or
xylo-mycetophagous (consuming rotten wood
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with mycelium). Of the predators, only Dicty-
optera aurora was observed in this type of
ecological group, but here we should mention
the cavicolous predator (which live and hunt in
burrows of Scolytinae) Glischrochilus
quadripunctatus.

The Norway spruce dead wood is colonized
by saproxylic insects in a certain succession,
according to the wood decaying phase, and
several stages have been identified. Taking into
consideration the above mentioned taxonomi-
cal groups (mainly based on coleopterological
observations), Ceianu (1978) identifed the
folowing ‘"stages": anobioid, scolytoid,
limexyloid, early cerambycoid, late ceramby-
coid, cucujoid, lucanoid, formicoid and lum-
bricoid. Saproxylic beetle species found in
Giumalau forest are associated with all these
stages, as follows:

- in the anobioid stage - Microbregma (Anobi-
idae);

- in the scolytoid stage - Dendroctonus, Ips,
Pityogenes, Pityophthorus, Cryphalus, Cryp-
turgus, Polygraphus, Xylechinus, Hylurgops,
Hylastes, Dryocoetes (Scolytinae), Thana-
simus (Cleridae), Epuraea (Nitidulidae), Rhi-
zophagus (Monotomidae);

- in the limexyloid stage - Hylecoetus
(Lymexylidae), Trypodendron (Scolytinae);
Epuraea (Nitidulidae);

- in the early cerambycoid stage - Tetropium
(Cerambycidae), Anthaxia (Buprestidae);

- in the late cerambycoid stage - Oxymirus,
Gaurotes, Evodinus, Alosterna, Cornumutila
(Cerambycidae);

- in the cucujoid stage - Rhagium (Cerambyci-
dae), Glischrochilus (Nitidulidae);

- in the lucanoid stage - Ceruchus chrysomeli-
nus (Lucanidae), Elateridae;

- in the formicoid stage - Staphylinidae, Cryp-
tophagidae, Scarabacidae.

This succesion and the high number of
xylophagous, saproxylophagous, xylo-myco-
phagous and sapro-mycetophagous species
reflects the diversity, abundance and the conti-
nuity of dead wood in this forest.

Three species of Coleoptera found in Giu-
malau forest are included in the list of "saprox-
ylic insect species useful in identifying forest
of international importance to nature conserva-
tion" published by Speight (1989). These are:



Nitu et al.

Carabus auronitens, Cornumutilla quadrivit-
tata and Ceruchus chrysomelinus.

As long as Cornumutilla quadrivittata,
Ceruchus chrysomelinus and Xylita livida
Sahlberg 1834 are considered "Urwald relict
species", associated with continuity of old
growth stand features like tree and dead wood
maturity and diversity (Miiller et al. 2005),
their presence in Giumalau forest testifies the
conservation of ecosystem naturalness.
According to Bistrom & Viisdanen (1988, men-
tioned by Bakke 1999), Dendrophagus crena-
tus (Paykull 1799) and Ostoma ferruginea
(Linnaeus 1758) are associated with old-
growth spruce forests too.

Other four species observed in Giumalau
forest, namely Calopus serraticornis, Judolia
sexmaculata and Dictyoptera aurora, are
regarded in France as patrimonial beetles
(Dodelin & Lempérier, 2004).

The high number of xylophagous, saproxy-
lophagous, xylo-mycophagous and sapro-
micetophagous species reflects the diversity
and the abundance of dead wood in this forest.
Analyzing the cumulated abundances of
species per sectors (as general representation
at "macrotaxonomical" scale) (Figs. 4, 6, 8.)
and the number of species (Figs. 5, 7, 9) it
could be observed that for Collembolans
(Fig.4), for instance, the cumulated abun-
dances are very high in the sectors O11 and
F11 while the species richness is high in sec-
tors O11 and N11 for the spring (vernal) sea-
son. This is caused by the presence of two
dominant species: Pogonognathellus
flavescens dominant in F11 (A=51.54 %), and
Orchesella pontica in O11 (A =50.68 %). The
area N11 presents a great number of species
(26) but without a clear dominant species.

Coleopterans are the most abundant and
richest in species. While collembolans appear
to have two periods with maximum number of
species (one in vernal season for sectors O11
and N11, and one in autumn in sectors G11-
G13), the cumulative abundance and number
of species of Coleoptera decrease constantly
from spring to autumn and the spiders are most
abundant and richest in species in summer.
This is caused by the habitat preferences.
While ground beetles prefer "open" habitats
with rare and small soil vegetation, more fre-
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quent in the spring period, many species of spi-
ders are planticolous and more frequent in
summer when the soil vegetation is developed
and more dense. Beside this, many spiders are
thermo-xerophylic.

These simple diagrams clearly illustrate that
the so called "ecological studies" based on
"macrotaxonomy" which took into considera-
tion only the quantitative data referring to
"macrotaxa" (classes, orders) and not the quan-
titative studies carried out at the species level,
are superficial and inconclusive for ecological
studies. For a suitable ecological study, only
the quantitative studies carried out at the spe-
cific level are valuable.

The cluster analysis based on species abun-
dances, using Bary-Curtis distance equation,
ignores the cases when a species is absent in
both samples compared in the moment of clus-
tering and is influenced by the species with
high abundances. The similarity index is very
little influenced by the rare species (Krebs
1989). On the contrary, the method using
Euclidean distance is more sensitive at the
presence of rare species and with low abun-
dances. Therefore, if the purpose is to have in
view how the dominant species influence the
similarity between areas we should see the
dendrogram obtained using Bary-Curtis dis-
tance equation. If we have in view to observe
the similarity between areas weighted by the
species with low abundance (rare or not), the
dendrogram obtained using Euclidean distance
should be analysed. The "Centroid average"
clustering method is considered one of the best
"space conserving" methods (Ludwig &
Reynolds 1988, Pielou 1984)

It could be observed that taking into consi-
deration the rare species and species with low
abundances, the arecas F11 and Ol1 are the
most dissimilar (fact also suggested by the cor-
respondence analysis - Fig. 12 ). This is caused
by the fact that F11 is an area rich in species
with comparable abundances but also contain-
ing rare species. Opposite, the area O11 has
low species richness but it is populated by the
species Orchesella pontica (Collembola)
eudominant.

Area F13 (near to the road) is characterised
by lower number of Carabidae species than
other areas, fact induced by the relatively low
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quantity of logs (in the stages of decomposi-
tion 3 to 6) proper for circadian or seasonal
micro-refuges.

The presence of eudominant or oportunistic
species (like Orchesella pontica in the area
O11) is characteristic for habitats that recently
suffered a sever alteration/modification caused
by natural - as wind throw, or anthropic fac-
tors. These factors induce a homogeneity in the
habitat that causes, in its turn, the dissapear-
ance of the species with low ecological plas-
ticity (specialised species) and the rapid deve-
lopement of populations of few species with
high ecological plasticity. The eco-faunistic
associations of terrestrial and saproxylic bee-
tles from Giumalau were presented separately
by us in a recent paper (Nitzu & Olenici 2009).

Conclusion

During our researches in the Giumalau Scien-
tific Reserve we collected and identified 189
species of Coleoptera, 20 of Araneae and 70 of
Collembolans from the total of 239/25/86
species predicted using the Jack-knife 2 esti-
mator.

Some rare species, indicators for primeval
spruce forests (Rhinosimus ruficollis, Xylita
livida, Cornumutila quadrivittata, Ceruchus
chrysomelinus - Coleoptera) were identified.

Deutonura stachi and Pseudachorutes corti-
cicolus recently recorded in the Romanian
fauna in the Maramures Mountains are cited
here for the Giumaldu Mountain.

Hymenaphorura polonica Pomorski, 1990
(Collembola) and Leiodes rhaeticus Erichson,
1845 (Coleoptera, Leiodidae) are for the first
time recorded in the Romanian fauna, the last
one being considered a very rare species and
indicator of primeval forests since the very
beginning of XX-th century.

The species richness of the edaphic fauna
from the Scientific Reserve "Codrul Secular
Giumalau" (analysed for the vernal season) is
comparable to other strictly protected forests
(Pietrosul Rodnei, Codrul Secular Slatioara).

The cluster analysis performed for 8 sectors
(sampling areas), situated at different eleva-
tions and in forested areas in different phases
of development in the Giumaldu Scientific
Reserve, shows that the faunal diversity is a
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valuable indicator for the areas affected by
recent environmental disturbance.

The quantity of dead wood in different
decomposition phases (mainly from third to
sixth phases) shows its huge importance not
only for the so called "saproxylic" species but,
as microecological refugee, also, for large pop-
ulations of terrestrial predators (i.e. Cara-
bidae), or terrestrial decomposers which are
very sensitive at the quantity and quality of the
logs density, or for litter decomposers as Orch-
esella pontica.
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Soil and saproxylic species (Coleoptera, Collembola, Araneae) ...

Nitu et al.
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