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Abstract. The nematode fauna in eleven localities distributed in forests and
grasslands of three Natura 2000 sites (Cheile Turzii, Trascau and Cheile
Turenilor) located in the Trascaului Mountains (Romania) was studied. A
total of 133 nematode taxa were found, the nematode communities from
the hornbeam-sessile oak forest in Cheile Turenilor being the most diverse
(69 taxa), as compared to the grasslands located on sunny, steep slopes of
Cheile Turzii (32-44). Only 10 taxa with higher proportions of their popula-
tions (D > 10.1) were noted in the nematode communities. Diphtherophora
brevicole, Panagrolaimus verrucosus, Trophurus sculptus, Tylencholaimel-
lus striatus and Tylencholaimus minutus are rare records in the Romanian
fauna. Dominant nematode taxa and trophic groups differed according to
the ecosystems, Natura 2000 habitat types and soil depth. General opportun-
ist nematodes prevailed in forests, whereas persisters were more abundant
in calcophilous grasslands, with more mature, complex and stable nema-
tode communities. Proportion of bacterial and fungal decomposition dif-
fered between localities, but grouping ecosystems and Natura 2000 habi-
tat types based on the dominant decomposition pathway in soil food web
was not possible. Nematode fauna of forests and grasslands was different;
nematode community structure also differed in xerophilic and mesophilic
grasslands. Nematode fauna is a promising ecological tool in soil-based as-
sessment and monitoring of the conservation status of Natura 2000 habitats.
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nating the Mures Valley, downstream of its con-
fluence with the Aries river, being a landmark

The Trasciu Mountains are located in the south- ~ of the region. The highly diverse landscape
eastern part of the Apuseni Mountains, domi-  characterizing these mountains is due to lime-
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stones, which are present on large areas, with
spectacular formations of exo- and endokarst
(Anonymous 1987). The climate is temperate
continental, with average daily temperatures
ranging between -6°C to -3°C (January) and
from 14 to 18°C (July). The amount of annual
average precipitation reaches about 1,000 mm
at higher altitudes, but decreases gradually to
700-800 mm at the eastern side of the moun-
tains (Mahara & Popescu-Argesel 1993). The
orientation of mountainous edges and the pres-
ence of limestones create particular microcli-
matic conditions, where some interesting plant
and animal species thrive, many of them being
protected by the Romanian legislation. A con-
siderable part of the area of the Trascau Moun-
tains is currently under protection regime as
several protected areas of community interest,
part of the Natura 2000 European ecological
network were established here, namely: Cheile
Glodului, Cibului si Mazii, Cheile Turenilor,
Cheile Turzii, Trascau, Fanatele Pietroasa -
Podeni and Muntii Trascaului (Anonymous
2007, Anonymous 2008, Anonymous 2011).

Traditionally, the majority of Natura 2000
sites were established taking into account veg-
etation, typically at the level of phyto-socio-
logical alliances (Evans 2006), while soil bio-
diversity and its threats were ignored (Turbé et
al. 2010). Yet, soil biota plays important roles
in functioning of terrestrial ecosystems as a
component of soil food web (Wardle 2002,
Lavelle et al. 2006, Brussaard 2012) and in-
cluding soil fauna in national strategies for
conserving and sustainable use of biodiversity
is a priority stipulated in the Rio Convention
on Biological Diversity (1992). Plants and
soil biota are tightly connected, both directly,
through herbivory and symbiosis, and indirect-
ly by the decomposition of dead organic plant
material (Sylvain & Wall 2011). Therefore,
in order to protect soil biodiversity, the Euro-
pean Commission will increase the importance
and relevance of soil in management plans for
designated Natura 2000 sites (Montanarella
2008).
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Free-living soil nematodes are key compo-
nents of soil fauna; they are highly diversi-
fied, abundant, ubiquitous, easy to sample and
trophically heterogenous. They play essential
roles in ecosystems as primary and intermedi-
ate consumers, contributing to the decomposi-
tion of organic matter and are involved in the
biogeochemical cycle of N and C (Coleman
et al. 1984, Ingham et al. 1985, Hendrix et al.
1986, Brussaard 1994, Beare et al. 1995).

Nematode community analysis proved to be
useful and relevant in assessing soil condition
and anthropogenic impact, characterizing and
classifying terrestrial habitats and eco-moni-
toring (de Goede 1993, de Goede & Bongers
1994, Neher et al. 1995, Neher & Campbell
1996, Urzelai et al. 2000, Popovici & Ciobanu
2000, Ciobanu et al. 2004, De Deyn et al.
2004, Lazarova et al. 2004, Liébanas et al.
2004, Mulder et al. 2005, Liskova et al. 2008,
Mincheva et al. 2009).

Previous surveys focused on the diversity
and distribution of soil-dwelling nematodes in
several protected areas in Romania were car-
ried out in different parts of Romania, main-
ly located within the Carpathians (Popovici
1978, 1992, 1993, 1998, Popovici & Ciobanu
1997, Ciobanu & Popovici 1999). The results
obtained were included in a complex, geo-
referenced database, a valuable tool with ap-
plicability in environmental management and
conservation.

This study aims to characterize the struc-
ture of nematode communities in ecosystems
located in protected areas within the Trascau
Mountains and discuss the structural and func-
tional diversity of nematode fauna in relation
to ecosystems and Natura 2000 habitat types.

Materials and methods

The following three protected areas of commu-
nity interes (also known as Natura 2000 sites)
located within the Trascau Mountains were
surveyed: Cheile Turzii/ROSCI0035, Trascau/
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ROSCI0253 and Cheile Turenilor/ROSCI0034
(Fig. 1).

Eleven localities situated in deciduous for-
ests (n = 5), coniferous forest (n = 1) and
grasslands (n = 5) were sampled in several
campaigns from 1996 until 2000, respectively
(Table 1). Deciduous forests consisted of horn-
beam-sessile oak (n = 3), hornbeam-beech (n
= 1) and black-alder (n = 1), whereas the co-
niferous forest had Scots pine as dominant tree
species.

The ecosystems surveyed belonged to the
following seven Natura 2000 habitat types
(Gafta & Mountford 2008) (Table 1): 91YO0-
Dacian oak-hornbeam forests (3), 9130-Asper-
ulo-Fagetum beech forests (1), 91E0*-Alluvial
forests with Alnus glutinosa and Fraxinus ex-
celsior (Alno-Padion, Alnion incanae, Salicion
albae) (1), 91Q0-Western Carpathian calci-
colous Pinus sylvestris forests (1), 6190-Rupi-
colous Pannonic grasslands (Stipo-Festuceta-
lia pallentis) (3), 6240*-Sub-pannonic steppic
grasslands (1) and 6520-Mountain hay mead-
ows (1). Habitats 91E0* and 6240* are priority
habitats, i.e. natural habitat types in danger of
disappearance, which are present on the Eu-
ropean territory of the member states and for
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the conservation of which the Community has
particular responsibility (Anonymous 2007).

Nematode soil samples were collected from
well-defined surfaces (500 m?), relevant for
each habitat type. Five replicates were sampled
in each site from litter and the first layer of min-
eral soil horizon (0-5 cm) in forests, separately,
and the top 5 cm of soil in grasslands. Soil was
put in plastic bags, labeled, transported at the
Institute of Biological Research and stored in a
cool place until processing.

Nematode extraction was carried out from
80 g of soil, by using the centrifugal method
of De Grisse (1969), with MgSO, as flotation
agent. Nematodes were subsequently counted
to estimate their abundances and killed/fixed
with a 4% formaldehyde solution heated at
65°C, to preserve a relaxed body shape.

At least 100 nematode individuals were
randomly identified, using a Carl Zeiss light
microscope, following Andrassy (1984) and
Bongers (1988). Nematode taxa were then al-
located to trophic groups (Yeates et al. 1993,
Bongers & Bongers 1998), ordered accord-
ing to the colonization—persistence gradi-
ent (c-p values) (Bongers 1990, Bongers &
Bongers 1998) and assigned to functional
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Figure 1 Sampling locations
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Table 1 Details of the sampling locations

Research article

Altitude

Sltle Natura 2000 site  Ecosystem type (m above Natur.a 2.000 hz}bltat type Soil type
nr. (*-priority habitat)
sea level)
| Cheile Turzii Deciduous forest 450 91Y0 Dacian oak-hornbeam Rendzina
ROSCI0035 (hornbeam-sessile oak) forests
Cheile Turzii 6190 Rupicolous Pannonic .
2 ROSCI0035 Grassland 475 grasslands Rendzina
Cheile Turzii 6190 Rupicolous Pannonic .
3 ROSCI0035 Grassland 520 grasslands Rendzina
Cheile Turzii 6240* Sub-pannonic steppic .
4 ROSCI0035 Grassland 530 grasslands Rendzina
5 Cheile Turzii Deciduous forest 505 91Y0 Dacian oak-hornbeam Rendzina
ROSCI0035 (hornbeam-sessile oak) forests
Cheile Turzii Deciduous forest 9130 Asperulo-Fagetum beech .
6 ROSCI0035 (hornbeam-beech) 430 forests Rendzina
7 Cheile Turzii Coniferous forest (Scots 400 Z;Sixj;egniirfe}g:;;m Rendzina
ROSCI0035 pine) v
forests
Trascau . Brown
8 ROSCI0253 Grassland 675 6520 Mountain hay meadows luvic
Cheile Turenilor 6190 Rupicolous Pannonic .
9 ROSCI0034 Grassland 400 grasslands Rendzina
10 Cheile Turenilor Deciduous forest 400 91Y0 Dacian oak-hornbeam Rendzina
ROSCI0034 (hornbeam-sessile oak) forests
” - .
1 Cheile Turenilor Forested waterside 380 i}EO 11\111.1v1a1 t:;zs;:s Wth Alluvial
ROSCI0034 (black alder) nus giutinosa raximus - AT

excelsior

Note. 'Corespondence with sampling sites in Table 1 Supp.Info.

guilds (Bongers & Bongers 1998, Ferris et al.
2001). BioDiversity Pro software (McAleece
et al. 1997) was used to assess the diversity of
nematode communities. The following indi-
ces were used for ecological characterization
of nematode fauna: Maturity Index (M) for
free-living nematodes and Plant Parasite Index
(PPI) for herbivore nematodes (Bongers 1990),
PPI/MI ratio (Bongers & Korthals 1995) and
Indices of ecosystem condition: Enrichment
Index (EI), Structure Index (S7) and Channel
Index (CI) (Ferris et al. 2001, Ferris 2010).
MI is an ecological measure of environmental
disturbance (Bongers 1990) and an indicator
of ecological succession (Bongers & Ferris
1999), PPI shows the state of succession based
on plant-feeding nematodes, being positively
314

correlated with primary production (Bongers
1990). PPI/MI ratio is a sensitive indicator of
nutrient status in soil (Bongers et al. 1997) and
soil fertility (Bongers & Bongers 1998). EI
provides an indicator of nutrients accesible to
the soil food web and the response of prima-
ry decomposers (bacteria and fungi) to them
(Ferris et al. 2004), SI indicates the complex-
ity and the degree of trophic connectance of
the soil food web (Ferris et al. 2001), whereas
CI indicates the predominating decomposition
pathway (through bacteria or fungi) in the soil
food web (Ferris et al. 2001).
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Results

The analysis of nematode community struc-
ture revealed a total of 133 nematode taxa (see
Table 1 from Supporting Information). There
were 95 taxa present in Cheile Turzii (sites
1-7), 58 in Trascau (site 8) and 97 in Cheile
Turenilor (sites 9-11). The highest diversity
(69 taxa) was assessed in the hornbeam-ses-
sile oak soil from Cheile Turenilor (site 10) as
compared to the grasslands on south-oriented,
steep slopes from Cheile Turzii (32 - 44 taxa)
(sites 2-4 in Table 1, Supp. Info.).

The superficial rendzinas developed on
limestone rocks and the high insolation, heav-
ily affecting soil moisture, are thought to be
the main limiting factors of nematode diversity
in these calcophilous grasslands.

Shannon Diversity Index (Fig. 2) had little
variation, the highest value (1.41) being as-
sessed in the alluvial forest with Alnus gluti-
nosa of Cheile Turenilor (site 11), as compared
to the hornbeam-beech forest of Cheile Turzii
(1.00) (site 6).

Thirty-nine taxa were present in more than
half of the samples. Acrobeloides nanus, Ap-
helenchoides, Cephalobus, Ditylenchus, Eu-
dorylaimus, Filenchus, Panagrolaimus rigidus
and Plectus were identified in all 11 samples.
The following rare species in Romanian fauna
were recorded: Diphtherophora brevicole, Pa-
nagrolaimus verrucosus, Trophurus sculptus,
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Figure 2 Shannon diversity index and richness
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Tylencholaimellus striatus and Tylencholaimus
minutus.

Dominant taxa (D > 10.1%) differed ac-
cording to the ecosystems and Natura 2000
habitat type (codes in brackets, * - priority
habitat) (Table 1, Supp. Info.): Eudorylaimus,
Geocenamus, Rotylenchus robustus and Do-
rylaimida sensu lato had major contribution
in grassland soils (6190, 6240*, 6520) (sites
2, 3, 4, 8); Rhabditis, Ditylenchus and Mes-
ocriconema rusticum prevailed in deciduous
forests (91Y0, 9130, 91E0*) (sites 1, 6, 11);
Aphelenchoides and Tylenchorhynchus domi-
nated in both grasslands and deciduous for-
ests (6190, 9130, 91Y0, 91E0*) (sites 1-3, 5,
6, 9-11), whereas Filenchus was dominant in
both forest types (9130, 91Q0, 91YO0) (sites 5,
6,7, 10, 11) (Table 1, Supp. Info.).

Trophic structure of nematode communities
(Figures 3, 4) varied according to the ecosys-
tems, Natura 2000 habitat type and soil depth.

Herbivore and bacterivore nematodes had
major contribution to the community structure
in grasslands (6190, 6520) (sites 3, 8 and 9 in
Table 1, Supp. Info.), as well as in the alluvial
forest with Alnus glutinosa (91E0*) (site 11)
and calcicolous Pinus sylvestris forest (91Q0)
(site 7), in this last one bacterivores surpassing
numerically the herbivores.

The most balanced trophic structure was as-
sessed in the Sub-pannonic steppic grassland
(6240%*) (site 4), where bacterivores and om-
nivores slightly exceeded the other two groups
(herbivores and fungivores) (Fig. 3).

Fungivore and bacterivore nematodes pre-
vailed in forest litter, whereas herbivores and
bacterivores dominated in the 0-5 cm layer of
the mineral horizon (Fig. 4).

Litter favored bacterivore and fungivore
nematodes, grazers of primary decomposers
(microorganims and fungi) which colonize
dead plant material. Higher proportions of om-
nivore nematodes were found in mineral soil
horizon, where they represented between 6-
7.8% of the whole community. Predator nema-
todes were very rare in litter (<0.4%), but they
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Figure 3 Trophic structure of nematode communi-
ties

proportion increased to 7.2% in mineral soil
horizon.

The trophic structure of nematode communi-
ties in forest ecosystems differed according to
the forest type when the whole soil profile was
taken into account (Fig. 3). Hornbeam-beech
forest (9130) (site 6) and hornbeam-sessile
oak forest (91Y0) (site 5) were characterized
by the prevalence of fungivore and herbivore
nematodes, but herbivores slightly prevailed
in hornbeam-sessile oak forest in site 10. The
calcicolous Pinus sylvestris forest (site 7) was
characterized by higher contribution of bac-
terivore and herbivore nematodes. These dif-
ferences in the trophic structure of nematode
communities according to the tree species were
probably due to the quality of litter and the as-
sociated microorganisms (Scheu et al. 2003).

Interesting differences in nematode commu-
nity structure were noted when trait indicators
and indices of ecosystem condition and func-
tion (Bongers 1990, Bongers & Bongers 1998,
Yeates & Bongers 1999, Ferris 2010) were de-
rived. In general, in forest ecosystems (91Y0,
9130, 91Q0) (sites 1, 5, 6, 7, 10) prevailed c-p
2 nematodes (general opportunists), excepting
the alluvial forest (91E0*) (site 11), where c-p
3-5 nematodes (persisters) dominated the com-
munity (Fig. 5).
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Figure 4 Trophic structure of nematode commu-
nities in organic and 0-5 cm layer of the
mineral horizon in hornbeam-sessile oak
and hornbeam-beech forests

A reverse trend was found in the rupicolous
Pannonic grasslands (6190) and Sub-pannonic
steppic grassland (6240%) (sites 2, 3, 4, 9),
where persisters were preponderant, excepting
the grassland in site 8 (6520), where general
opportunists were more abundant (Fig. 5).

The highest values of Maturity Index for
free-living nematodes indicating more mature
communities (Bongers 1990) were assessed in
the rupicolous Pannonic grasslands (6190) and
Sub-pannonic steppic grassland (6240%) (sites
2,4, 9), as compared to forested habitats. In
these grasslands, omnivore nematodes were
the most abundant (Fig. 6).

Rupicolous Pannonic grasslands (sites 2, 3,
9) and the alluvial forest (site 11) were also
characterized by the highest values of Plant
Parasite Index (Fig. 6), mainly due to a higher
number of ectoparasitic nematodes belonging
to the genus Tylenchorhynchus. The ratio be-
tween the Maturity Index and Plant Parasite
Index did not show any trend whatsoever (Fig.
6).

Highest values of Enrichment Index, indi-
cating a resource-rich environment (Ferris &
Bongers 2006) were assessed in the hornbeam-
sessile oak forest (91Y0) and the alluvial forest
(91E0*) (sites 1 and 11), whereas the lowest
were recorded in the hornbeam-beech forest
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Figure 5 Structure of nematode communities based
on colonizer-persister (c-p) scaling

(9130) (site 6) and the rupicolous Pannonic
grassland (6190) (site 2) (Fig. 7).

The Structure Index clearly differentiated
more complex nematode communities (Fig. 7).
In general, rupicolous and steppic grasslands
on rendzinas (sites 2, 4, 9) were better struc-
tured than hornbeam forests (sites 1, 5, 6, 10)
(Fig. 7).

The Channel Index (CI) (Fig. 7), indicating
the dominant decomposition channels in the
soil food web, varied in different ecosystem
types. The highest values of CI were found
in the rupicolous Pannonic grassland (6190)
(site 2) and the hornbeam-beech forest (9130)
(site 6), where the lowest scores of Enrichment
Index (EI) were estimated. The lowest values
of CI were found in the hornbeam-sessile oak
forest (91Y0) and the grassland (6520) (sites
1 and 8), where higher values of EI were also
assessed. These results show that the propor-
tion of fungal decomposition occurring at sites
2 and 6 was higher as compared to sites 1 and
8.

The Bray-Curtis Similarity Index (Fig. 8)
separated nematode communities of forested
and non-forested ecosystems and differenti-
ated nematode fauna of xerophilic and mes-
ophilic grasslands.

Soil nematode communities in three Natura 2000 ...

Percent

Sites
OMI OPPI BMI/PPI

Figure 6 Maturity Index (MI) for free-living soil
nematodes, Plant Parasite Index (PPI)
and the ratio between MI/PPI

Discussion

Ecosystem structure and function is strongly
related to environmental conditions (Moreno
et al. 2011). When these conditions change,
they may have significant effects on the com-
position of biocoenoses. Protected areas are
designated to preserve biological diversity and
provide a range of goods and services for peo-
ple (Mulongoy & Chape 2004). Research on
the relationship between biodiversity and eco-
system services in Natura 2000 sites is surpris-
ingly scarce (Bastian 2013), although they are
primarily established for conservation purpos-
es and provide a wide range of ecosystem serv-
ices (Kettunen et al. 2009). Among soil fauna,
nematodes are promising indicators of biologi-
cal diversity, ecosystem stability and changes
in land use management (Tomar & Ahmad
2009). Our research showed differences re-
garding the structural and functional diversity
of nematode fauna according to Natura 2000
habitats. Plant diversity, local climatic condi-
tions and soil characteristics, resulting in more
different, less overlapping trophic niches may
explain the relatively highly diverse nematode
fauna found in these Natura 2000 sites, sug-
gesting abundant and diverse trophic resources
and low competition and antagonism between
taxa with similar food requirements. High di
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versity of nematode fauna in protected areas
in Romania was previously reported (Popovici
1993, Popovici & Ciobanu 1997, Ciobanu &
Popovici 1999, 2001), in line with our results.

The 133 nematode taxa found in the sites sur
veyed represented about one third of the total
number recorded in Romania so far (Popo-
vici et al. 2008). Most of the taxa identified
in the samples are known to be ubiquituous,
with wide ecological tolerance. It is interest-
ing to point out that several taxa were found
to be eudominant (D >10.1) exclusively in a
particular Natura 2000 habitat: dorylaimids
and Geocenamus in the xero-thermophilic
Rupicolous Pannonic grasslands (6190), Dity-
lenchus in the Asperulo-Fagetum beech forest
(9130), Eudorylaimus in the meso-xerophilic
Sub-pannonic steppic grassland (6240*) and
Mesocriconema rusticum in the Alluvial forest
with Alnus glutinosa and Fraxinus excelsior
(91E0*). Therefore the abundance of higher-
trophic level persister dorylaimids could serve
as indicator of habitat stability for these two
habitats.

General opportunist nematodes were more
abundant in forests (91Y0, 9130, 91QO0),
whereas persister nematodes were more abun-
dant in rupicolous Pannonic grasslands (6190)
and Sub-pannonic steppic grassland (6240%).
General opportunists are specialized for more
deliberate feeding on less available resources

(Ferris & Bongers 2006), whereas persisters
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are more abundant in complex soil food webs
of habitats with long durational stability
(Bongers 1990). Higher proportion of persister
nematodes in these calcophilous grasslands in
Cheile Turzii, resulting also in higher values
of the Maturity Index, indicates natural suc-
cession mediated by increased environmental
stability (Bongers et al. 1995, Korthals et al.
1996). Highest values of Plant Parasite In-
dex, found as well in rupicolous Pannonic
grasslands suggest more favorable conditions
in soil for herbivore nematodes (Liskova &
Cerevkova 2005).

The Channel Index varied acccording to the
ecosystem type and Natura 2000 habitat and
indicated a higher proportion of bacterial de-
composition occuring in the hornbeam-sessile
oak forest (91Y0) and the grassland (6520)
(sites 1 and 8), whereas a higher proportion
of fungal decomposition was assessed in the
rupicolous Pannonic grassland (6190) (site 2)
and the hornbeam-beech forest (9130) (site 6).
These results suggest lower C/N ratio of or-
ganic material in sites 1 and 8, as compared
to sites 2 and 6 (Hendrix et al. 1986, Moore
1994, Ruess 2003, Ruess & Ferris 2004, Fer-
ris & Bongers 2006). However, Channel Index
can not be used as a reliable predictor of eco-
system type and Natura 2000 habitat, in line
with previous findings (Ruess & Ferris 2004).

The results here show that nematode com-
munity analysis offers promising perspectives
in assessing soil conditions in Natura 2000
habitat types, but the use of soil nematodes as
ecological tools in evaluating the conserva-
tion status of these habitats should take into
account their inter-relations with abiotic and
biotic factors of their environment.

Conclusions

A relatively highly diverse nematode fauna
was assessed in the sites surveyed, probably as
consequence of vegetation, particular micro-
climatic conditions and soil. Diphtherophora
brevicole, Panagrolaimus verrucosus, Trophu-
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Figure 8 Bray-Curtis cluster analysis
Note. The right numbers of the dendrogram represent the corresponding site

numbers, please see Table 1.

rus sculptus, Tylencholaimellus striatus and
Tylencholaimus minutus are rare nematodes in
the Romanian fauna.

Specific and trophic structure of nematode
communities differed according to the ecosys-
tems, Natura 2000 habitat types and soil depth.
General opportunist nematodes were more
numerous in forests, whereas persisters were
more abundant in calcophilous grasslands,
with more complex and successionally mature
nematode communities. Although proportion
of bacterial and fungal decomposition differed
between localities, ecosystems and Natura
2000 habitat types could not be grouped based
on the predominant decomposition channel in
soil food webs.

Nematode fauna offer good perspectives in
assessing and monitoring the conservation sta-
tus in Natura 2000 habitats.
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