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Abstract. Assemblages of soil-dwelling enchytraeids and other small annelids were studied in three broadleaved
forest stands in the White Carpathians (south-eastern Moravia, Czech Republic) along a soil pH gradient from
moderately acidic to neutral. Between 2001 and 2010 three samples were collected at each site. Enchytraeid densities
ranged from ca 4,600 to 22,500 individuals/m?. With increasing soil pH, densities for samples collected on the
same day tended to decrease and the vertical distribution in the upper soil layer became more even. In total, 31
species of the family Enchytraeidae, Rhyacodrilus falciformis Bretscher, 1901 (Naididae), Aeolosoma hemprichi
Ehrenberg, 1831 and A. niveum Leidy, 1865 (Aeolosomatidae) were found. The species richness (ca 22 species) of
the assemblages were similar and dominated by the genus Fridericia, both in terms of the number of species and
individuals. They differed in the representation of hygrophilous species. Four enchytraeid species, i.e. F. reducata
Doézsa-Farkas, 1974, F. viridula Issel, 1904, Hemifridericia parva Nielsen & Christensen, 1959 and Henlea similis
Nielsen & Christensen, 1959, are reported from the Czech Republic for the first time. Taxonomic comments on
several specimens of uncertain identity are presented. The results are discussed in the light of comparable data
from adjacent areas and habitats.
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INTRODUCTION

This paper presents a report on the soil-dwelling assemblages of enchytraeids and other small
annelids in three forest stands in the White Carpathians, a mountain range at the border of Moravia
(eastern part of the Czech Republic) and Slovakia. So far, such data have only been reported from
non-woodland habitats in this region (Schlaghamersky 2005, Schlaghamersky & Kobeticova 2005,
2006, Schlaghamersky et al. 2007). As forest assemblages of enchytraeids usually differ from those
in open habitats (Didden 1993, Jansch & Rombke 2003, Jansch et al. 2005), the present results
fill a gap in the knowledge of the regional fauna. The few other annelids of soil mesofauna are
even more understudied: they are hardly ever recorded by means other than by the wet extraction
methods used to extract enchytraeids or nematodes, and are generally neglected in studies on the
latter group and even in many studies focusing on the related, functionally important enchyt-
raeids. In addition to providing faunistic data, the present results also contribute to a more general
knowledge on the dependence of the structure of terrestrial assemblages of annelid mesofauna on
soil and vegetational or land use factors. In particular, in Europe, or even the Holarctic Region,
there is more data from soils of high to moderately high acidity than soils close to a neutral pH
(Jénsch et al. 2005). This bias is much stronger for woodland habitats than for grassland and arable
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soils. The terrestrial ecosystems in the White Carpathians, which mostly developed on flysch as
the bedrock, provide the opportunity to study a gradient of soil pH from moderately acidic to ne-
utral. Three forest stands representing such a gradient were sampled in a previous study: two old
growths dominated by beech and one more thermophilous and younger forest stand dominated by
hornbeam. Samples were taken on several dates in 2001-2003 and results reported at the Central
European Workshop on Soil Zoology in 2009. The present paper incorporates data from samples
collected in 2009-2010, in order to clarify several taxonomic problems that occurred and were
not resolved during the identification of specimens in the earlier samples. The sampling procedure
was designed to provide not only qualitative but also quantitative data.

MATERIAL AND METHODS

Study area

The White Carpathians are a mountain range (highest mountain: Velka Javofina, 970 m a. s. 1.) in the south-west of the
Carpathian arc, at the border of Czech Republic and Slovakia. The prevailing bedrock is West-Carpathian flysch, com-
prised of cretaceous sandstones accompanied by claystones. The White Carpathians lie in the transition zone between the
Atlantic and continental climates. Most of the area (at medium altitudes, including the study sites) has a moderately warm
climate (Pechanec & Jongepierova 2008); the mean annual precipitation for the entire range is 716 mm. The mountain
range, including most of its foothills and small parts of the adjacent lowlands are on both sides of the border protected
landscape areas (together ca. 1150 km?) and part of a common Biosphere Reserve. Woodland is concentrated mostly
along the highest ridge (the border between the Czech and Slovak Republic’s) and covers 53 percent of this area. In
comparison, grassland, renowned for its high biodiversity and conservation value, covers only 6.5 percent. In the Czech
part, broad-leaved forests make up 54 percent and spruce plantations 30 percent of the woodlands and in the Slovak part
the broad-leaved forests make up 75 percent (Pechanec & Jongepierova 2008).

The three study sites were located within the Czech White Carpathians (Bilé Karpaty) Protected Landscape Area:
(1) in the north of the Sidonie Nature Reserve (13 ha; ca. 425-560 m a. s. 1., sampled at ca. 465 m a. s. 1.; 49° 03 34” N,
18° 04’ 23” E) (orographically belonging to the Javorniky Mountains); (2) in the Svini hnizdo Natural Monument (5.3 ha;
570-610 ma. s. 1., sampled at ca. 600 m a. s. 1.; 48° 53° 24” N, 17° 38’ 02” E) ; and (3) in the Hornonéme¢sky haj (actual
sample site: ca. 420 m a. s. 1.; 48° 54° 38” N, 17° 38’ 13” E); the latter two sites were situated in the central to southern
part of the area. The Sidonie Nature Reserve is a protected old growth of beech (Fagus sylvatica; in 2001-2002 the older
of the two stands was ca. 170 year old; in April 2009 a substantial part of the old trees in the sampled area were uprooted
by a windstorm), with few interspersed sycamore (Acer pseudoplatanus) and mountain elm (Ulmus glabra). Dentaria
bulbifera and Galium odoratum are dominant in the herb layer. The stand is situated on a very steep, southeast-facing slope.
The Svini hnizdo site is a ca 120 year old forest stand of the association Carici pilosae-Fagetum situated on a northwest-
facing slope with uneven terrain. The stand has a heterogeneous structure, sessile oak (Quercus petraea, 50%), sycamore
(Acer pseudoplatanus, 25%), beech (Fagus sylvatica, 10%) and hornbeam (Carpinus betulus, 10%) being the most
dominant species in the tree layer and Carex pilosa, Corydalis cava and Allium ursinum dominant in the herb layer. To
the north, at lower altitudes towards the village Horni Ném¢i, there is a rather large and more thermophilous woodland
(Carici pilosae-Carpinetum) called the Hornonémecsky haj (“grove of Horni Ném¢i”). The same tree species are there as
at Svini hnizdo, but with a higher percentage of hornbeam and oak. The actual site sampled within the Hornonémec¢sky
h4j was an area of ca. 300 m? of a rather young stand along a brook. At all three sites, dry and water-logged sites in
depressions in the terrain or adjacent to water bodies (brooks at the western border of Sidonie and a pool at Svini hnizdo
in the Hornonémecsky haj) were sampled. The soils at the study sites were typical pseudogleyic cambisols (particularly
at Svini hnizdo and Hornonémecésky haj) of medium texture, with the soil pH increasing from Sidonie to Svini hnizdo

Table 1. Chemical characteristics of the soil (upper 5 cm) in the forests stands studied

site pH pH Corg Protal Na K Ca
(H20) (KCD [%] mg kg™! mg kg™! mg kg™! mg kg™!
Sidonie 5.1 4.4 9.0 599 39 257 485
Svini hnizdo 6.2 5.5 4.7 967 107 169 1278
Hornonémecsky haj 7.3 6.8 6.4 999 0 182 5192
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Table 2. Mean enchytraeid densities (+ standard error of the mean) per sample date in three forest stands in the White
Carpathians Protected Landscape Area (Czech Republic). Soil cores had a surface area of 17 cm? and were 12 cm deep
except the first two samples at Sidonie when cores of a surface area of 10 cm? and 9 cm deep were taken

study site sampling date number of soil cores / density + SE (ind./m?)
total surface area [cm?]

Sidonie 9 May 2001 28 / 280 22,500 + 2,175
12 November 2001 24 / 240 13,167 £ 591
4 April 2009 13 / 221 4,615 = 685
Svini hnizdo 21 May 2002 8 /136 11,838 + 3,556
11 November 2002 5/ 85 8,471 + 3,231
12 May 2010 8 /136 14,314 £2,776
Hornonémedsky haj 11 November 2002 5/ 85 12,000 + 2,357
10 September 2003 11 / 187 6,257 + 2,624
12 May 2010 8 /136 8,162 + 2,868

and to Hornonémecsky haj (Table 1, for further site-related data). Limited faunistic data were recorded at the Okrouhla
Natural Monument, a small reserve of old growth beech 1 km south-west of the Sidonie Nature Reserve.

Sampling and sample processing

At Sidonie, samples were collected once in May and November 2001 and in May 2009. In 2001, 28 and 24 soil cores of
10 cm? surface area and 9 cm deep were collected from a drier part of the slope (these samples were primarily used to
test three different methods of wet funnel extraction; for this reason these samples were collected at different sites and
dates than the other samples; see Kobeti¢ova & Schlaghamersky 2003). In 2009, 13 soil cores of 17 cm? surface area
and 12 cm deep were collected, 10 on the drier part of the slope and 3 along the small brook (close to the waterline). In
May 2001 a few enchytraeid worms collected from soil containing rotten wood at the foot of a dead tree in the close-by
Okrouhla reserve (see above) were identified.

In the Svini hnizdo Nature Reserve, samples were collected in May and November 2002 and May 2010 (8, 5 and 8 soil
cores, respectively). On all three occasions the soil cores were 17 cm? surface area and 12 cm deep. The same applies to
the Hornonémecsky haj sampling site, where soil cores were collected in November 2002, September 2003 and May 2010
(5, 11 and 8 soil cores, respectively). The soil cores were subdivided in 3 cm layers, and annelids were extracted by wet
funnel extraction, either with or without heating (over 48 h in the latter case), usually with a prolonged (ca. 24 h) period
of watering before the soil samples were heated. The above modifications of the extraction method did not significantly
affect the results (see Kobeticova & Schlaghamersky 2003). Prior to extraction the soil samples and extracted annelids
in water-filled Petri dishes were stored at 8 °C. Enchytraeids and other small annelids (i.e. earthworms excluded) were
sorted under a dissecting microscope and identified alive under a high power transmission microscope and in 2009-2010
Differential Interference Contrast (Nomarski) microscopy was also used. Identification was initially based on the works
of Nielsen & Christensen (1959, 1961, 1963) and a number of original species descriptions. Since autumn 2002 a draft
version of a key for the genus Fridericia and since autumn 2003 the completed revision of this key by Schmelz (2003) was
also used. Identification of enchytraeids from the last samples (2009) was primarily based on a draft version of the new
key by Schmelz & Collado (2010). Other small annelids were identified according to Hrabé (1981) and Timm (2009).

RESULTS

Mean enchytraeid densities per site and sampling date ranged from ca 4.5 thousand to 22.5 thou-
sand individuals/m? (Table 2). Although the given maximum and minimum values were recorded
at the same site, Sidonie, there was a trend with densities decreasing from Sidonie to Svini hnizdo
and to Hornonémecsky haj associated with the increase in soil pH. Kruskal-Wallis non-parametric
ANOVA showed significant differences between the densities per site and date. Dunn’s post-hoc
multiple comparison test revealed significant differences (all p<0.05) between the following three
pairs: Sidonie May 2001 — Svini hnizdo May 2010, Sidonie Nov. 2001 — Svini hnizdo May 2010
and Sidonie Nov. 2001 — Hornonémecsky haj Nov. 2002. When only between site comparisons
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for the same season (i.e. spring or autumn) were made, only two pairs were significantly different,
but the significance level rose: Sidonie May 2001 — Svini hnizdo May 2010 (p<0.05), and Sidonie
Nov. 2001 — Hornonémecsky haj Nov. 2002 (p<0.01). One has to bear in mind that the sites were
not always sampled simultaneously and that there are problems with among-site comparisons of
densities from different seasons of the year or from different years. As the numbers of soil cores
taken on a given date or in a particular season also differed, no annual means are given because
their comparison could be misleading. Most soil cores collected at Sidonie (first two samples)
were only 9 cm deep, whereas at Svini hnizdo and Hornonémec¢sky héj they were 12 or even 15
cm deep. When vertical distribution of enchytraeids is compared among sites based on data for
the upper 9 cm of soil only, 67, 69 and 58% of the individuals were in the upper 3 cm of soil and
another 20, 22 and 25% in the 3—6 cm layer at Sidonie, Svini hnizdo and Hornonémecsky haj,
respectively (data for all sample dates pooled). When data for the deeper layers are included for
Svini hnizdo and Hornonémecsky haj, 65 and 49% of the individuals were in the 0-3 cm layer
and 49 and 21% in the 3—6 cm layer, respectively. At Hornonémecsky haj, where most cores
were 15 cm deep, only 8% was recorded in the 12—15 ¢cm layer. Thus, the vertical distribution of
enchytraeids was more even at Hornonémedsky haj than at the other sites.

In total, 31 enchytraeid species were identified (Table 3). This number includes two species
found exclusively in the soil/ rotten wood sample from Okrouhld (a third species found there
was Buchholzia appendiculata) and three distinct species of uncertain identity, i.e. Fridericia
sp. 1 cf. antensteineri / auritoides, Fridericia sp. 2 cf. montafonensis and Marionina sp. 1 cf.
magnaglandulosa. At Sidonie, Svini hnizdo and Hornonémecsky haj 21, 20 and 20 enchytraeid
species, respectively, were found. If the two additional species from Okrouhla are added to the
species from Sidonie (due to the proximity and similarity of both sites it can be assumed that
they also occur at Sidonie), the enchytraeid species count for this site goes up to 23. Other small
annelids found were Rhyacodrilus falciformis at all three sites, Aeolosoma hemprichi at Svini
hnizdo and Hornonémecsky hdj, and a single specimen of Aeolosoma niveum at Hornonémecsky
haj. At all three sites the genus Fridericia was represented by several species and most dominant
in terms of percentage representation of individuals (all annelid mesofauna included): 45% at
Sidonie, 59% at Svini hnizdo and 32% at Hornonémecsky haj (Table 2). At Hornonémecsky haj,
Enchytraeus buchholzi s. 1. (28%) and Buchholzia appendiculata (16%) were the next dominant
taxa (including those individuals of these genera, mostly juveniles, which were not identified to
species). Buchholzia appendiculata (15%) was also well represented at Sidonie, where it was even
surpassed by Achaeta spp. (16%, possibly all A. danica). In contrast, at the other two sites Achaeta
individuals made up only 6-7%. At Svini hnizdo, Fridericia semisetosa was particularly dominant
(almost 24% of all included annelids). Of the other genera, only Enchytraeus exceeded 10% at
Svini hnizdo, but the hygrophilous Cernosvitoviella minor, Marionina argentea and Rhyacodrilus
falciformis together made up ca 17% of all individuals. Even at the study site along a brook in
Hornonémecsky h4j these hygrophilous species pooled made up only 5%, although one might
add another 2% for the Aeolosoma spp. (not found at Sidonie and present at a very low density at
Svini hnizdo). Another indicator of wet conditions (Graefe & Schmelz 1999), Fridericia perrieri,
was present at very low densities at all three sites (Table 2).

Fridericia reducata, F. viridula, Hemifridericia parva and Henlea similis are first records for
the Czech Republic (cf. Chalupsky 1988). Fridericia benti was found for the first time within the
Czech Republic at Sidonie but reported from two sites since then (Schlaghamersky 2007) and
also found in a beech old growth (Razula National Nature Reserve) in the northern part of the
Javorniky mountains (Schlaghamersky, submitted). Stercutus niveus was erroneously reported as
new for the Czech Republic from Sidonie and one locality in South Moravia by Schlaghamersky
(2007), as it was already recorded from South Bohemia by Chalupsky (1994).
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Table 3. Species inventory with mean percentage representation (dominance) of annelid mesofauna (Enchytraeidae, Nai-
didae: Rhyacodrilinae, Aeolosomatidae) in three forest stands in the White Carpathians Protected Landscape Area (Czech
Republic). Column for Sidonie includes two species identified exclusively using additional samples from Okrouhla (1
km from Sidonie) listed as “+” (not included in percentage calculation and number of identified specimens but included
in brackets in the species count). Percentages might not add up to exactly 100% due to rounding to one digit behind the
decimal point. The last two rows give total numbers of specimens and species for each site in the format Enchytraeidae
+ Rhyacodrilinae + Aeolosomatidae. First records for the Czech Republic are underlined

site Sidonie Svini  Hornonémecsky
species (+ Okrouhld)  hnizdo haj
Enchytraeidae

Achaeta danica s.1. Nielsen et Christensen, 1959 3.2 2.1 0.3
Achaeta eiseni Vejdovsky, 1878 - 2.1 -
Achaeta spp. 13.2 3.7 5.4
Buchholzia appendiculata (Buchholz, 1862) 32 0.8 11.8
Buchholzia spp. 12.1 0.8 3.8
Cernosvitoviella minor Dézsa-Farkas, 1990 0.7 7.9 2.2
Cognettia sphagnetorum (Vejdovsky, 1879) 0.7 - -
Enchytraeus buchholzi s.1. Vejdovsky, 1879 1.4 7.9 16.6
Enchytraeus spp. 2.9 2.6 11.2
Enchytronia parva Nielsen et Christensen, 1959 7.1 1.1 1.9
Fridericia sp. 1 cf. antensteineri Bauer, 1996 / auritoides Schmelz, 2003 0.4 - 0.6
Fridericia benti Schmelz, 2002 32 0.8 -
Fridericia connata Bretscher, 1902 6.8 0.3 0.6
Fridericia cylindrica Springett, 1971 32 - -
Fridericia deformis Moller, 1971 - 0.5 0.3
Fridericia galba (Hoffmeister, 1843) 0.4 2.4 4.1
Fridericia hegemon (Vejdovsky, 1878) + - -
Fridericia isseli Rota, 1994 - 1.3 1.3
Fridericia maculata Issel, 1905 2.1 2.6 1.0
Fridericia sp. 2 cf. montafonensis Schmelz, 1998 0.4 - -
Fridericia perrieri (Vejdovsky, 1878) 0.4 0.8 0.6
Fridericia ratzeli s. 1. (Eisen, 1872) - - 0.6
Fridericia reducata Dozsa-Farkas, 1974 - 1.3 -
Fridericia semisetosa Dozsa-Farkas, 1970 1.1 23.6 5.1
Fridericia sylvatica Healy, 1979 2.5 - -
Fridericia viridula Issel, 1904 - 0.8 4.8
Fridericia spp. 24.2 23.6 13.3
Hemifridericia parva Nielsen & Christensen, 1959 0.4 0.5 -
Henlea perpusilla (Friend, 1911) 1.1 - 1.6
Henlea similis Nielsen & Christensen, 1959 +

Marionina argentea (Michaelsen, 1889) 52 0.6
Marionina sp. 1 cf. magnaglandulosa Nurminen, 1970 - - 0.3
Mesenchytraeus armatus (Levinsen, 1884) 0.7 - -
Mesenchytraeus glandulosus (Levinsen, 1884) 1.1 0.3 0.3
Stercutus niveus Michaelsen, 1888 7.2 3.7 4.5
Naididae: Rhyacodrilinae

Rhyacodrilus falciformis Bretscher, 1901 0.7 3.4 22
Acolosomatidae

Aeolosoma hemprichi Ehrenberg, 1831 - 0.3 1.3
Aeolosoma niveum Leidy, 1865 - - 0.3
total (enchytraeids + R. falciformis + Aeolosoma spp.) 279+2+0 364+13+1 302+7+5
total species (enchytraeids + R. falciformis + Aeolosoma spp.) 21(-23)+1+0  20+1+1 20+1+2
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The most important taxonomic comments are given below.

Fridericia sp. 1 cf. antensteineri Bauer, 1996 / Fridericia auritoides Schmelz, 2003

Two subadult specimens collected in 2002-2003 at Hornonémecsky héj were initially identified as
Fridericia antensteineri. This would be the first record of this species since its description based
on material from a locality in Austria. However, F. antensteineri was declared a nomen dubium
by Schmelz (2003). Based on the recorded characters, this species belongs to the difficult F. aurita
species complex (Schmelz, 2003). Many characters agree with F. auritoides (which is far better
described than F. aurita Issel, 1905) but the specimens had no additional pharyngeal glands in

Fig. 1. Spermathecae of specimen 1 (A) and specimen 2 (B) of Fridericia sp. 1 cf. antensteineri/ F. auritoides, collected at
Hornonémecsky haj in 2002 and 2003, respectively; clitellar portion of specimen 2 with male copulatory organ (lateral view;
bursal slit in ventral view — C) and sperm funnel (D). Not to scale, proportions approximate (based on hand drawings).
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segment VII. The two specimens identified were damaged during examination and not preserved.
Therefore, the locality was re-sampled in 2010 to collect more specimens from this population,
but not a single specimen was found that could be assigned to this or any similar species. Howe-
ver, another, similar specimen was found at the brook in Sidonie in 2009. A short account of the
recorded characters of the three specimens investigated is given below. All three specimens might
represent the same species but could also represent up to three separate species.

Specimen 1 (Hornonémedsky haj, 2002): 54 segments; 17 mm long (live); dorsal vessel ori-
ginating in XX; chaetal formula: 2, 3, 4 — (3), 2 : 4 — (4), 2; oesophageal appendages with many
branches; coelomo-mucocytes without refractile granules, rather small, lenticytes minute; sperm
funnel: length ca. /2 body width, length : width = 2 : 1 (according to drawing); spermatheca (Fig
1A) with two ear-like diverticula, sperm in these and transversally in the ampullar lumen, wide
ental ducts separately connected to oesophagus, ectal duct very long and rather thin, with small,
sessile ectal gland at orifice; no subneural gland visible.

Specimen 2 (Hornonémecdsky haj, 2003): 53 segments; 15 mm long (live); dorsal vessel ori-
ginating in XX; chylus (?) at XIV-XV/XVI,; chaetal formula: 2,3 -2 : 3,4 —4, 3, 2; oesophageal
appendages branched; coelomo-mucocytes without refractile granules, rather small, lenticytes
minute; three pairs of pharyngeal glands, third one elongate without dorsal connection (?), only 4
pairs of preclitellar nephridia at VI/VII — IX/X counted; very thick body wall; sperm funnel (Fig.
1D) almost as long as body wide, length : width =3 : 1 (according to drawing), with dark red-brown
spermatozoa attached; clitellum not very distinct (not fully developed?), ventrally closed including
area between male copulatory organs; bursal slit Y-shaped with dominant transverse component
(Fig. 1C); large, dark reddish brown seminal vesicle in X—XI/XII; spermatheca (Fig. 1B) with
two ear or kidney-shaped diverticula with large lumen, without sperm, connected separately with
oesophagus, ectal duct in loops, of medium length, with one small ectal gland.

Specimen 3 (Sidonie, 2009): 52 segments; 19 mm long (live); chaetal formula: 2, 3, (4) — (3),
2,1:2,4—-4,(3), 2; chaetal length: 84 um (single chaeta on VI measured from photograph);
body wall thick: 72 pum; ca 5 transverse rows of small, light brown cutaneous glands per seg-
ment; oesophageal appendages with several short distal branches (proximal part not visible);
coelomo-mucocytes small, pale without refractile granules, lenticytes minute (Fig. 2B); three or
four pairs of pharyngeal glands? (view obscured by gregarine parasites); five pairs of preclitellar
nephridia; no subneural glands; sperm funnel massive, its length = body width, length : width
=3 (440 pm) : 1 (140 um); clitellum girdle-shaped, gland cells small, not elevated, arranged in
indistinct transverse rows — pattern almost reticulate, ventrally closed; bursal slit Y-shaped with
dominant transverse component; seminal vesicle large (taking two segments), its position shif-
ting (X—XI to XII-XIII); spermatheca (Fig. 2A) with two ear or kidney-shaped diverticula with
large lumen, containing sperm (none seen in the connecting transverse lumen of the ampulla),
connected separately with oesophagus, ectal duct in wide loops (length?), with one small ectal
gland (pale, difficult to see).

Fridericia sp. 2 cf. montafonensis Schmelz, 1998

At Sidonie, the identity of another subadult Fridericia specimen remained unresolved, although
many characters could be observed. Based on the observed characters this specimen was closest
to F. montafonensis but differed in particular by its larger sperm funnel, floppy ectal gland, ab-
sence of a seminal vesicle and smaller spermathecal diverticula (the latter two characters might
be due to the incomplete maturity of the specimen, no sperm was present). It is very unlikely that
this specimen belonged to any of the other Fridericia species identified. The observed characters
were: 42 segments; 12 mm long (live); body width: 390 pum; chaetal formula: 4, 3, (2) — 4, 3, (2)
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:4,5,6-5,4, 3, (2); body wall thin: 40 um; oesophageal appendages short, without branches
(?, indistinct); coelomo-mucocytes 26—41 um long, pale without refractile granules, lenticytes
minute (4—7 pm) (Fig. 3C); five pairs of preclitellar nephridia; subneural glands in XIII, XIV
(largest) and XV (?, probably present, but small); sperm funnel large, its length = 2/3 body width,
length : width = 4 : 1 (ca 250 pm : 70 pm); clitellum not well developed; no seminal vesicle;
spermatheca (Fig. 4A) with two diverticula bent ectad and closely attached to ampulla and ectal
duct, connected separately (?) with oesophagus, ectal duct ca 320 um long and thick (ca 24 pm
wide), with one medium sized, floppy ectal gland (Fig. 3B).

Fridericia ratzeli s. 1. (Eisen, 1872)

Only two specimens of the otherwise (also in the White Carpathians) rather common F. ratzeli
s.l. were identified, both at Hornonémec¢sky haj in 2002—2003. At that time no distinction between
F. ratzeli s. str. and F. dura (Eisen, 1879) was made (see Schmelz & Collado, 2010) and except
for the sketches of the spermathecae few characters were recorded that would allow a post hoc
distinction. According to the spermatheca at least one of the specimens could be assigned to F.
dura, whereas the other seems to match better F. ratzeli s. str. Therefore, only F. ratzeli s. 1. is
listed in Table 3.

Fig. 2. Spermathecae (A) and coelomocytes (B) of specimen 3 of Fridericia sp. 1 cf. antensteineri /| F. auritoides, collec-
ted at Sidonie in 2009; mid-parts of spermathecal ectal ducts not visible; other structures shown are body wall, intestine
and pharyngeal glands.
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Fig. 3. Spermatheca (A), ectal duct with ectal gland (B; not discernible when A was drawn) and coelomocytes (C) of
Fridericia sp. 2 cf. montafonensis, collected at Sidonie in 2009.

Marionina sp. 1 cf. magnaglandulosa Nurminen, 1970

A single adult specimen was found at a depth of 9—-12 cm at the Hornonémec¢sky h4j site in spring
2010. Neither the communication of the ental duct nor the orifice of the spermatheca’s ectal duct
were visible thus the most characteristic trait of this species, a large “ectal” gland, was not discer-
nible. However, the character combination observed did not fit with any other described species
(small size and colourless blood do not indicate M. filiformis Nielsen & Christensen, 1959): 22
segments; 2.2 mm long (live); chaetae straight, formula: 2 — 2 : 2 — 2; brain: posterior margin
deeply incised; 2 pairs preclitellar nephridia at VII/VIII and VIII/IX; pharyngeal glands: first two
pairs dorsally broadly merged, glands of third pair elongate, dorsally not merged; spermatheca
(not completely visible): ampulla oval, somewhat wider than ectal duct, without diverticula, ectal
duct of wavy outline (small glands?), its orifice not visible; large yolky egg in 2 X— 5 XII.

Enchytraeus buchholzi s. . | Enchytraeus spp.

According to Schmelz & Collado (2010) E. buchholzi is an aggregate of small and otherwise
unidentifiable Enchytraeus species (therefore ,,sensu lato®). Often several forms occur at the same
site but at the same time there are often also transitional states. The same was the case at the
White Carpathian sites. Although the mature specimens were thoroughly examiined, it was not
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possible to discriminate species other than E. buchholzi s. 1. One specimen from Svini hnizdo and
one from Hornonémecsky héj resembled, especially in their spermathecae, Enchytraeus mariae
Kasprzak, 1973 but had also many chaetal bundles with only two chatae. They were, therefore,
included under E. buchholzi s. 1. At Svini hnizdo, two specimens (31 and 38 segments, both ca.
7 mm long) had large testis sacs, rather large sperm funnels (length = 1/3 body width, length : width
~ 1.5 : 1) with collars narrower (!) than the funnel body, rather large spermathecae with a short
but distinct ental duct and a ectal duct of about the length of the spermatheca with glands only
close to the orifice (possibly only in a single ring as in E. coronatus Nielsen & Christensen, 1959).
The coelomocytes were brownish, filled with very fine refractile granula. Thus these specimens
showed only a limited resemblance to E. coronatus and E. lacteus Nielsen & Christensen, 1961
and were included under Enchytraeus spp. At Sidonie, three juvenile specimens collected in May
2001 were originally recorded as E. norvegicus Abrahamsen, 1969 based on their coelomocytes
(almost black in transmitted light). Unfortunately, the number and position of preclitellar nephri-
dia was not noted. Based on experience, gained since then, of the variability of coelomocytes in
Enchytraeus spp. in the White Carpathians and elsewhere, these specimens are now included in
E. buchholzi s. 1.

DISCUSSION

The decrease in enchytraeid densities with increase in soil pH accords with the fact that the
highest enchytraeid densities are generally recorded in strongly acidic soils of high organic car-
bon content (Didden 1993). The densities recorded were rather low, even at the most acidic site,
Sidonie. At Sidonie, the density in April 2009 was particularly low, probably because the soil
was dry at that time. This was possibly not only a consequence of dry weather in the preceding
weeks but also of a higher transpiration of the soil at the site where the stand had been opened
up by a wind throw.

The particularly high percentage of enchytraeids present in the uppermost 3 cm at Sidonie
was most probably caused by a greater accumulation of litter at this site (see organic C content
in Table 1) due to the more acidic conditions (thus presumably less intensive bioturbation by
earthworms) and slower decomposition of the prevalent beech litter. At Svini hnizdo, on the other
hand, partially water-logged conditions could have been responsible for the higher concentration
of enchytraeids in the upper 6 cm of soil, in particular compared to Hornonémec¢sky haj with its
more even distribution of enchytraeids within the soil profile.

As already mentioned in the Results section, several of the identified species are considered
indicators of high soil moisture (Graefe & Schmelz 1999). Although Svini hnizdo was the only
site where no samples were taken near a brook, the species composition indicated that the soil
there was wetter than at the other two sites. This applied also to the first two dates when sam-
ples were not taken close to a pool (but smaller wet depressions in the terrain were sampled). In
contrast, at Sidonie species indicating wet conditions were mostly collected close to a brook in
the last sample (both specimens of R. falciformis and one of the two Cernosvitoviella specimens,
albeit the second one and one specimen of F. perrieri were recorded earlier in the samples of
forest soil). The samples at Hornonémec¢sky haj were all taken along a brook, although at various
distances and at different heights up the banks. It is thus not surprising, that they included all
the hygrophilous species mentioned above and that this was the only site where two Aeolosoma
species were found. However, the dominance of wet soil indicators was higher at Svini hnizdo,
in particular due to the higher numbers of Cernosvitoviella minor and M. argentea. Although the
species-richest enchytraeid assemblages are reported from sites with soils of a pH around 7, in the
present study the highest number of species was recorded at Sidonie. However, it was not substan-
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tially higher than at the other two sites, and when the other representatives of annelid mesofauna
were added, the species richness of all three sites was almost the same. Taken into account that
sampling at Sidonie was much more intensive (about twice as much surface area was sampled;
the lower depth of most of the soil cores probably had little effect as most individuals were in the
upper layer of the soil), one can even assume that the other two sites would have yielded higher
species numbers than Sidonie if sampled with the same intensity. Svini hnizdo had a particularly
high percentage of Fridericia species and most juveniles could not be identified to species (an
exception was F. semisetosa with its characteristic arrangement of chaetae). At Sidonie, the more
acidic soil favoured some other genera, whereas the high percentage of Enchytraeus buchholzis.l.
(and to some extent also Buchholzia appendiculata) at Hornonémecsky haj indicated higher levels
of disturbance (possibly caused by the shifting stream bed and temporary flooding of its vicinity
and the less stable conditions of a young forest stand growing on a previously logged site).

In a study of annelid mesofauna in four old growths of beech-fir in the Beskids (Beskydy)
Protected Landscape Area (including the northern part of the Javorniky Mountains in the south)
adjacent to the north of the White Carpathians Protected Landscape Area (including the southern
part of the Javorniky Mountains in which the Sidonie National Nature Reserve is situated), species
numbers per site were less than half those found in the present study (Schlaghamersky, submitted).
There was a range of soil pH at these sites but they were all more acidic than the sites sampled
in the present study. The sampling at the sites in the Beskids was much less intensive than in the
present study and, moreover, most of the densities encountered were surprisingly low, leading to
low numbers of examined specimens (53—153 individuals per site vs. 277—-378 individuals per site
in the present study). The species composition and structure was different, for instance Fridericia
spp. were substantially less dominant even at the least acidic sites with pH (H20) about 4.8. On
the other hand, Achaeta danica was as dominant at these sites as at Sidonie.

The next closest area in which enchytraeid assemblages were studied in similar habitats (Kaspr-
zak 1986) are the Little Carpathians in Slovakia, rising ca 26 km to the south of Svini hnizdo, the
southern-most locality of the present study. Here, 19 sites representing 13 distinct forest habitat
types were sampled, including several types of beech and hornbeam forest. Species numbers per
forest type ranged from four in a fir forest to 18 in a “calciphilous beech forest” and 19 in a “typical
beech forest” (each represented by one site only). Densities ranged from 5,423 individuals/m? in
maple forests (mean for three sites) to 12,653 individuals/m?in the typical beech forest, whereas
the above-mentioned fir forest with 82,568 individuals/m? represented an “outlier”. Both species
richness and density values are similar to the present results from the White Carpathian forests.
The somewhat lower species numbers found in the Little Carpathians might be due to the lower
sampling intensity: samples were only collected in September 1979 (thus the densities might be
lower than if based on sampling during a wetter period or year-round), with 10 soil cores down to
10 cm per site. However, this sample size equalled ca 500 cm? total surface area, which exceeds
the total soil surface area sampled per site in the present study. Another reason might be changes
in taxonomy, in particular with regard to the genus Fridericia: several species are newly descri-
bed since Kasprzak’s study and others have been split or devalidated. Nevertheless, the structure
of the assemblages described from the Little Carpathians, with Fridericia spp. and Buchholzia
appendiculata making up over 50 percent of all individuals at all sites except in the fir forest, was
rather similar to those found in the White Carpathians (although B. appendiculata was never as
dominant as reported by Kasprzak for several Little Carpathian forests).

The annelid mesofauna in the White Carpathians was previously recorded at six meadows and
five pastures, including sites close to the forest stands sampled in the current study (Schlaghamersky
& Kobeti¢ova 2005, 2006, Schlaghamersky et al. 2007). The sampling intensities were comparable
and these grassland sites also had a pH range similar to that in the present study. Densities and
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species numbers were similar to those reported in the present study and Fridericia spp. were also
dominant in these grassland sites. A detailed comparison of White Carpathian annelid assemblages
of grassland and woodland habitats is to be published elsewhere.
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