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Abstract. The Izvoarele Nerei Forest (in the southeastern part of Romania) on the southern slopes of the Semenic 
Mountain has been bryofloristically surveyed. This is one of the largest old beech forests of Europe, covering 
more than 5000 ha of pure beech stands. Quantitative relevés were set systematically and the Index of 
Ecological Significance for each taxon was calculated. Seventy-five taxa were identified, including 62 mosses 
and 13 liverworts. Two Red List species were found: Dicranum viride (EN) and Lophozia ascendens (VU). 
The bryoflora of the site is strikingly distinct from that of other old-growth forests. The overall bryophyte 
cover is scarce, CWD liverworts are mostly absent or very infrequent, and pleurocarpous mosses dominate 
almost everywhere to the detriment of pioneer specialized liverworts. The beech old-growth forest of Nerei is 
mentioned as escaping the simplistic interpretations in regard to the indicator value of bryophytic assemblages. 
The unfavourable bioclimatic context is pointed out as the most likely potential explaining factor. 
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Introduction

Romania certainly deserves to be qualified as a wood-
ed country, because its share of forests accounts for 
no less than 26.7 % (6.37 million hectares). Rough-
ly, one-third of this surface is under ancient forests, 
400 000 hectares out of which are considered as "vir-
gin or almost virgin forests" (i.e. "naturally sown, long 
unmanaged old-growth") (Giurgiu & al. 2001; Peterk-
en 1996), which is a unique feature for Europe. The 
vast majority of these almost virgin forests are con-
fined to mountain ranges. Beech occupies a consider-
able surface in Romania (almost 2 millions ha) at alti-
tudes ranging from 400 m to 1300 m a.s.l. In the best 
preserved Romanian forests, the beech may reach ex-
travagant dimensions: up to two meters in diameter 
and 50 meters in height (Giurgiu & al. 2001). 

The Nerei Forest is one of the exceptionally well 
preserved forests of Southeast Romania. This forest is 
poorly known, as far as biodiversity is concerned. The 
scarce studies carried out on this site mainly concern 

forest structure (Frăţilă 1999; Degen 2000; Lemaire 
2000; Giurgiu & al. 2001; Turcu 2002, 2012; Tomescu 
2009). Only one reference deals partly with bryophytes 
of Izvoarele Nerei (GEVFP 2006). That study mentions 
eight species, mostly of the genus Sphagnum. 

With the aim of partially filling this gap, a bryo-
phyte survey of the Nerei Forest was made. Our main 
goals were to improve floristic knowledge of one of 
the largest remnant old-growth forest of Europe and 
to explore the potential use of bryophytes as ancient 
forest indicators in this particular case study.

Material and methods

Study site 

The Izvoarele Nerei Forest is located in the southeastern 
part of Romania, between 45°5' and 45°10' N and 22°2'30'' 
and 22°6'40'' E (Fig. 1). This forest is part of the Semen-
ic-Cheile Carasului National Park on the southern slopes 
of the Semenic Mountain. The forest is included in the 
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communal area of Bozovici, Caras-Severin district. The 
impressive 5253 ha of pure beech forest make Nerei one 
of the largest old beech forests of Europe. The entire Re-
serve encompasses a wide altitudinal gradient (of more 
than 700 m), from 620 m to 1400 m a.s.l. The Reserve 
is shaped out by two rivers, which form two main val-
leys. The bedrock of the Reserve is made of mica-schists, 
sericite-schists and amphiboles. These types of rocks are 
highly sensitive to weathering and support deep brown 
soils (with pH mostly below 7; Turcu unknown date). 
The climate is of the temperate-continental type, with 
a moderate Mediterranean influence. The mean annu-
al temperature varies from 7.5 °C inside the Reserve to 
4.5 °C in the higher part of the Semenic Mountain. The 
meteorological station of Semenic Mountain recorded 
precipitations of 1169.7 mm/year at 1432 m a.s.l. Very 
likely, these figures would drop significantly at lower al-
titudes. The meteorological station of Bozovici record-
ed precipitations of 631.9 mm/year at 254 m. The most-
ly southern aspect of the study site results in a significant 
local increase of precipitations, which remain very dif-
ficult to determine with accuracy without implementa-

tion of the meteorological disposal. The forest is domi-
nated by beech, which accounts for 99 % of its cover. In 
the lower part of the Reserve, some other species can be 
found too: Ulmus montana, Abies alba, Acer platanoides, 
Acer pseudoplatanus, Populus tremula, Betula pendula, 
Picea abies.

In the 17th century, grazing and forestry have af-
fected the margins of the forest. A wood evacuation 
canal system was still active in the 20th century. The 
pronounced heterogeneity of vertical and horizontal 
structures, large diameters of a huge number of trees, 
abundance of CWD (coarse woody debris), and a rich 
fauna of rare species (wolf, lynx, forest cat) strongly 
vouch for the naturalness of this forest. For example, 
the average amount of dead wood is 87 m3/ha, which 
drops dramatically to 3 m3/ha in most European man-
aged forests (Dudley & Vallauri 2004). The Nerei Forest 
is an old-growth and maybe virgin forest, but pending 
further studies dealing with naturality of the stands and 
historical researches, we would prefer to qualify it as an 
"old-growth forest" (Peterken 1996). The terms “virgin 
or almost virgin” seem also appropriate.

Fig. 1. Location of the study site.
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Data collection
The taxonomy and nomenclature follow Hill & al. 
(2006) for mosses and Ros & al. (2007) for liverworts. 
The varieties and species within the Hypnum cupressi-
forme complex have proved very troublesome to deter-
mine with accuracy, because of frequent sterility and 
intergradation, notably between Hypnum cupressiforme 
var. cupressiforme, var. filiforme and H. andoi. A wide 
species concept has been adopted in this case. As far as 
flowering plants are concerned, Kerguélen’s (1993) no-
menclature is followed. Taking into account the recent 
Romanian Red Data List (Ştefănut & Goia 2012), the 
list provided in Annex II of the Directive on Habitats 
and the publications dealing with Romanian bryoflora, 
a selection of high conservation value taxa was made. 

Large parts of the Reserve were not surveyed be-
cause of inaccessibility: approximately 1156 ha out of 
5253 ha were crossed out. The Reserve’s several-hun-
dred-meters-wide external marginal forested strip 
was not surveyed, because of more evident human in-
fluences like forest trails or grazing marks.

Wood-, rock-, and soil-dwelling species have been 
included in the survey. The ecological relevés were set 
at random within different ecological compartments 
(different trunk diameters, wood decomposition phas-
es). Lignicolous taxa grew either on living trees (LT), 
on standing dead trees (SDT), or on coarse woody de-
bris (CWD). The following standardized method was 
followed. For standing trunks (LT and SDT), the rel-
evés were always made at breast height (dbh = diame-
ter at breast height), i.e. approximately 1.2 m from the 
ground; the area of relevés was standardized: 6 dm2 

for LT and SDT and 3 dm2 for CWD. For lignicolous 
taxa, the following cover classes have been used : 0.5 < 
1 %; 1 ≤ 1< 5 %; 5≤ 2 < 25 %; 25 ≤ 3 < 50 %; 50 % ≤ 4 < 
75 %; 75 % ≤ 5 < 100 %. 

Data analysis

The taxa colonizing only one type of substrate are 
considered as locally "specialized", whereas the ubiq-
uitous taxa are qualified as "unspecialized". The total 
abundance of the species was estimated by the Index 
of Ecological Significance (IES) (Lara & Mazimpaka 
1998). This index combines the relative abundance 
and the frequency of a particular species: 

IES = 100/ n × (x+∑ci),

where n is the total number of samples collected in 
the locality, x is the number of samples containing the 

species, and ci are the cover classes attributed to the 
species in each sample.

The following classes are used to describe the IES 
significance of each taxon: scarce < 7; 7 ≤ common < 
30; 30 ≤ abundant < 50; 50 ≤ dominant.

Results 

Floristic checklist 

A total of 75 taxa were listed in the Nerei Forest 
(Table 1). Sixty-two taxa are mosses (82.7 %), where-
as only 13 taxa (17.3 %) are liverworts. Among the 
mosses, 36 species are pleurocarps (58 %) and 26 
are acrocarps (42 %). The best represented families 
are Brachytheciaceae (12 %; 9 taxa), Plagiotheciaceae 
(9.3 %; 7 taxa), Orthotrichaceae (9.3 %; 7 taxa), Dicran-
aceae (6.7 %; 5 taxa), and Neckeraceae (5.3 %; 4 taxa). 
The best represented genera are Plagiothecium (6.7 %; 
5 taxa), Orthotrichum (6.7 %; 5 taxa), Neckera (5.3 %; 4 
taxa), and Dicranum (4 %; 3 taxa).

Remarkable species

Two species of high conservation value were found 
during the course of our floristic survey. Dicranum 
viride was observed on CWD. It is quoted as EN in 
Romania (Ştefănut & Goia 2012). With only four ob-
servations, this species is not abundant within the Re-
serve. Locally, Dicranum viride was mostly observed 
at altitudes ranging from 800 m to 1100 m. Lophoz-
ia ascendens was equally found only on CWD lying 
close to small rivulets. It is quoted as VU in Ştefănut & 
Goia (2012). This liverwort is not very abundant and 
was found only twice. On one occasion, an abundant-
ly fertile population was found, with hundreds of spo-
rophytes .

Substrate preference

One hundred and seventy-nine relevés were set on LT 
and 160 on dead wood (45 on SDT and 115 on CWD). 
CWD was the most important substrate in terms of 
the number of taxa. No less than 47 taxa were linked 
with CWD (i.e. 63 % of all species), among which on-
ly 17 % were liverworts (8 taxa). LT and SDT showed 
a medium number of taxa (34 and 30, respectively), 
while rocks and ground were poorer, with 17 and 20 
taxa, respectively. CWD showed the highest number 
of specialized taxa, with 12 mosses and three liver-
worts (i.e. 32 % of the specialised taxa). The ground 
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Table 1. Check-list of the "Izvoarele Nerei" bryoflora by ecological compartment.
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had the highest percentage of specialized taxa, ap-
proximately 50 %. The rock substrate also possessed 
a high percentage of specialized taxa (30 %, only five 
species). LT and SDT were substrates with the highest 
number of unspecialized taxa, and only with three (i.e. 
8.8 % of the specialised taxa) and two (i.e. 6.2 % of the 
specialised taxa) specialized taxa. 

Species frequency and abundance (Table 2)
Pterigynandrum filiforme was dominant on all types 
of substrate. Several species, as for instance Herzogiel-
la seligeri, Saniona uncinata, Brachytheciastrum veluti-
num, Sciuro-hypnum starkei, or Brachythecium sale-
brosum had a strong IES only on CWD. IES of the 
acrocarpous species was lower than of the pleurocarps 

Table 2. Ecological significance index (IES) of the "Izvoarele Nerei" bryoflora. 
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and this trend was particularly evident on dead wood. 
Several scarce liverworts have been found only once 
or twice in the study site (Calypogeia neesiana, Lopho-
zia ascendens, Riccardia palmata, Plagiochila porel-
loides).

Three main groups can be distinguished (Table 2):

– The first group was composed by dominant (IES 
from 51.7 to 158.9) unspecialized species, mainly con-
centrated on LT and SDT. Metzgeria furcata, Leuco-
don sciuroides, Neckera besseri, Porella platyphylla, 
Pseudoleskeella nervosa and Radula complanata were 
dominant species on LT and SDT, but were scarce on 
CWD. Only Hypnum cupressiforme and Lophocolea 
heterophylla were dominant species on CWD and LT, 
but scarce or absent on SDT.

– The second group was of common (IES from 7.1 
to 27.3) unspecialized species, with Paraleucobryum 
longifolium, Neckera complanata, and Orthotrichum 
alpestre.

– The last group was of scarce (IES from 0.4 to 6.2) 
specialized species, strictly LT species, such as Anomo-
don longifolius, or SDT species like Neckera pumila 
and CWD species like Polytrichastrum formosum.

On CWD, several species were accidental (Plagi-
othecium platyphyllum), while others were charac-
teristic (Plagiomnium cuspidatum, Homalothecium 
sericeum). The pioneer liverworts of CWD (Lophoz-
ia ascendens, Calypogeia neisiana, Riccardia palmata) 
were all scarce (IES < 4.8). 

Discussion 

Bryophyte originality of the Nerei Forest
A set of unexpected features characterized the bryo-
flora of the Nerei Forest. First, scarcity of the overall 
bryophyte cover was striking across the entire forest. 
Our data do not allow an illustration of this gener-
al trend, because the relevés tended to be set in hab-
itats housing bryophyte communities. Nonetheless, 
from rough estimates it was clearly apparent that 
a vast majority of potential niches (young LT with 
smooth bark, all types of SDT and CWD) were unoc-
cupied. Contrary to this, the studies performed in a 
natural forest generally showed luxuriant bryophyte 
cover (Vellak & Paal 1999; Andersson & Hytteborn 

1991), which was confirmed by examination of the 
bryoflora of other old-growth Romanian forests (un-
published results). 

In the Nerei Forest, the global liverworts/mosses 
ratio strongly tended toward mosses and the same was 
observed for CWD. In most European forest systems, 
the liverworts/mosses ratio on dead wood was largely 
in favour of liverworts (Ódor & Van Dort 2003; Goia 
& Schumacker 2002; Philippi 1965). Vellak & Paal 
(1999) showed that liverworts may account for almost 
30 % in unmanaged forests, as compared to only 16.9 % 
in the managed stands. Natural forests with complex 
structure are known to favour a liverworts cover (Ohl-
son & al. 1997; Söderström 1988; Ódor & al. 2005). 
The authors attributed this to the more shady and hu-
mid microclimate in the old natural forests, as com-
pared with younger and drier open stands. Managed 
forests are subjected to more frequent droughts than 
natural ancient ones, which have a higher and more 
constant humidity (Hilitzer 1925; Vellak & Paal 1999). 
Clausen (1964), Ódor & Van Hees (2004), Ódor & al. 
(2005, 2006) and Proctor (2009) repeatedly pointed 
out that drought in the stand was an effective limit-
ing factor for most sensitive epixylic liverworts. Thus 
scarcity of the liverworts is almost certainly linked to 
humidity-related parameters, but it is difficult to spec-
ify on what scale this limiting factor operates. It can-
not be ruled out that regional or local climatic charac-
teristics are unfavourable to bryophytes. Furthermore, 
beech forests, especially the oldest stands, may have 
peculiar structural characteristics, such as open can-
opy, well spaced individual trees which could lead to 
an aggravated penetration of light at ground level and 
to increased evaporation. This is indirectly confirmed 
by scarcity of the specialized liverworts on Fagus dead 
wood in the relevés of Plămadă (1992), and by their 
overall impressive richness on Norway Spruce of Goia 
& Schumacker (2003a). Furthermore, the physical 
properties of beech dead wood may also explain the 
scarcity of pioneer liverworts. CWD is a very special-
ized habitat (Heilmann-Clausen & al. 2005; Ódor & al. 
2006), with high water retention capacity and a huge 
number of microhabitats, while beech dead wood is 
less spongy than conifer wood (Barkman 1958; Ra-
schendorfer 1949) and offers fewer microhabitats.

The pleurocarps/acrocarps ratio was largely bi-
ased towards pleurocarps. On a species basis, our re-
sults are in accordance with literature data (Ódor & 
al. 2005; Vellak & Paal 1999) that report similar bias. 
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Ódor & Van Hees (2004) showed further that pleuro-
carpous mosses and lichens tend to dominate, when 
the overall specific richness is low. On an IES basis, the 
scantiness of acrocarpous as compared to the pleuro-
carpous cover is even more apparent. The first phas-
es of wood decomposition are favourable for a high 
number of otherwise typical bark-inhabiting species 
(Anomodon attenuatus, Pteryginandrum filiforme, Is-
othecium alopecuroides), which are also frequent on 
SDT. Observations carried out in a natural beech for-
est of Hungary (Ódor & Van Hees, 2004) and a natu-
ral spruce forest of Sweden (Andersson & Hytteborn 
1991) showed that emergence of genuine rotten wood 
communities seems to be delayed until the wood has 
been profoundly transformed. In Nerei, on the contra-
ry, the transformation of wood corresponds to a shift 
towards climacic bryophyte communities (Herzogiel-
la seligeri, Brachythecium rutabulum, Plagiomnium 
cuspidatum), with almost total absence of the pioneer 
liverwort stage. In dry forests, pleurocarpous mosses 
tend to dominate cryptogamic vegetation (Raschen-
dorfer 1949; Barkman 1958; Muhle & Leblanc 1975; 
Ódor & Van Hees 2004) and again this could explain 
their particular abundance even on CWD.

Most floristic assemblages are marked with scarci-
ty of taxa of pioneer character and abundance of cli-
macic taxa. The Nerei Reserve hosts a non-negligible 
number of bark-inhabiting Orthotrichaceae species, 
but their ecological significant index (IES) is very low 
("scarce" for all taxa, except for Orthotrichum stramine-
um and Ulota crispa which are "common"). A similar 
trend was evident from the relevés of Goia & Schu-
macker (2003b). Scantiness of Orthotrichaceae was 
not related to a lack of pioneer trunk habitats, which 
were extremely abundant in the Nerei young phases 
of "thicket stage" (i.e. young trees with small diameter, 
smooth and not decomposed bark). A quick exami-
nation of the young and managed forests located in 
the vicinity of the study site showed a total absence of 
Orthotrichaceae, which largely favour a climatic limit-
ing factor hypothesis. The relevés set at breast height 
do not permit reaching the communities which grow 
higher on the trunk and the branches. Nevertheless, 
a close examination of most beeches growing in the 
Nerei Forest demonstrated unambiguously total ab-
sence of Orthotrichaceae higher up on the trunks. 
Hilitzer (1925) considers the Orthotrichum species as 
"aerophilous", which means that they require a vapor 
saturated atmosphere. The Ortotrichaceae are general-

ly growing on medium or high-level branches, due to 
atmospheric humidity (Hilitzer 1925). 

Bryophytes as potential indicators

The best ancient forest bryophyte indicators are high-
ly specialized species with dioicous mating system, 
large spores and other features impeding competitiv-
ity and easy dispersal (Frego 2007; Gignac 2001; Gus-
tafsson & al. 2004; Nicholson & Gignac 1995; Vitt & 
al. 2003). They are not well adapted to tracking ef-
ficiently out their specific habitats. To the contrary, 
CWD species in the Nera Forest are mostly non-spe-
cialized taxa, which possess a monoicous mating sys-
tem, along with a profusion of sporophytes – small 
spores that are easily wind-dispersed. They are most-
ly very frequent and abundant European species. The 
pioneer and late CWD liverworts are generally con-
sidered the best indicators of forest ancientness (Kla-
ma 2007; Gustafsson & Hallingbäck 1988; Söderström 
1988, 1981). This strongly suggests that the indicator 
value of pioneer liverworts is questionable under cer-
tain circumstances. Their absence, combined with the 
occurrence of huge amounts of CWD, should not be 
automatically interpreted as indicative of young age of 
the forest stand. In a part of a large-scale study, it was 
shown that bryophyte diversity was positively affected 
by an absence of sylviculture (Paillet & al. 2010), and 
thus the Nerei Forest stands out as an original example 
of ancient but bryophyte-poor system. The bioclimat-
ic context (low annual rainfall, geographic position, 
moderate altitude, etc.) is considered here as having a 
prime importance in explaining the overall poverty, a 
fact which could be aggravated by unfavourable struc-
tural characteristics of pure beech woods (cf. supra). 
The usefulness of very large-scale bryophytic indica-
tors is also questioned. Pleurocarpic mats may have 
an indicator value which could be limited to the Nera 
Forest and to forest stands with similar biogeographi-
cal characteristics. Comparative studies are needed to 
better understand these issues. 

Conservation and management

Two taxa are of conservation concern. Dicranum vir-
ide is mentioned in the Red Data Book of European 
Bryophytes (ECCB 1995) as Vulnerable (IUCN). It is 
also listed in Annex II of the Directive on Habitats. 
In Romania it is considered "sporadic" (Dihoru 1994). 
This is a species with circumboreal affinities and sub-
continental character. On European scale, rarefaction 
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of the species could be partially related to its low fer-
tility and non-appropriated forest management. Di-
cranum viride could be considered as an old-growth 
forest indicator because of its affinity for veteran trees 
(Hugonnot 2002). Lophozia ascendens is considered as 
a rare species in Europe (ECCB 1995). It is a boreal-
mountain liverwort. Plants with gemmae and male in-
dividuals are frequent, while females and plants with 
sporophytes are rare (Holá & al. 2011). They have been 
observed on one occasion and this is a favourable fac-
tor since it demonstrates that male and female plants 
coexist locally. Lophozia ascendens is a species strictly 
linked to rotten wood in advanced stages of decompo-
sition. In Europe, this species is considered as indica-
tor of ancient forests by Nitare (2000).

Forest management is crucial for the conser-
vation of Dicranum viride. Clear cutting of mature 
stages should be prohibited, as it is the most serious 
regression factor. The main threat for Lophozia as-
cendens is the removal of dead wood (Goia & Schu-
macker 2003a). Dicranum viride is dependent on 
important trunk diameter, whereas Lophozia ascen-
dens is dependent on the dead wood occurrence at 
advanced stage of decomposition. In the Nerei Nat-
ural Reserve, long-term conservation of these two 
remarkable taxa is ensured by complete absence of 
forestry. In managed forests, conservation of these 
two species requires keeping the mature stands with 
old trees and a great amount of dead wood on signif-
icant surfaces.
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