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Abstract. The planting of alien plant species is an issue that is contributing to the disappearance of biodi-
versity in natural habitats, to the spread of invasive species and to increased pests. In this study, the species
composition and abundance of springtails (Collembola) in the natural oak forest of the Vila Nisporeni
Protected Area in the Republic of Moldova is compared to that in the Robinia pseudoacacia plantation
nearby. A total of 68 species were recorded. The number of Collembola species with a preference to reside
in the natural forest was 19 compared to the Robinia pseudoacacia plantation with 9 species.
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I. INTRODUCTION

The Republic of Moldova has heterogeneous natu-
ral conditions and a geographical position that con-
tributes to the formation of diverse types of soil and
supports a high diversity of flora and fauna.

In the Republic of Moldova, 51 forest reserves,
9 medicinal plant plantations and three mixed ones
(e.g. forest and medicinal plants or a steppe and
forest) with a total area of 8,009 ha are currently
registered. These reserves represent natural areas,
which are valuable from a scientific point of view
as they are intended to preserve and to restore one
or more components of nature, in order to maintain
the correct ecological balance. At the same time, in
the Republic of Moldova, according to the Institute
of Forestry Research and Management, false acacia

(Robinia pseudoacacia — hereinbelow referred to as
‘acacia’) plantations occupy 125,000 ha, which is
about 33.1% of the total forested area in the country.

Despite the fact that the acacia is considered to be
an invasive tree species in Europe, in the territory
of the Republic of Moldova it is intensively plant-
ed all over the country. Over the years, there have
been multiple plantings with acacia in degraded and
erosion-affected areas, as the acacia is considered as
the only species capable of restoring degraded land,
including areas adjacent to rivers.

The second biggest river in the country is the Prut
River. Its length in the territory of the Republic of
Moldova is 695 km (with its catchment representing
about 24% of the territory of country). One of the
protected areas on the basin of the Prut River is Vila
Nisporeni.
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The present study of collembolan fauna is the first
one to be carried out in the natural forest and acacia
plantation situated in the basin of the Prut River
(preliminary results were presented in WEINER &
BusmacHIu 2018). All previous studies were carried
out in the riverine ecosystems of the northern and
southern parts of the Republic of Moldova on the banks
of the Prut and Dniester Rivers (BusmacHru 2006;
BusMmacHIU & WEINER 2013; BusMacHIU et al. 2017).

According to BusmacHiU (2021a), a total of
270 collembolan species have been identified in the
Republic of Moldova, most of which have a prefer-
ence for forest habitats. For example, in the Plaiul
Fagului Reserve, the best studied reserve in the
country, 149 species of Collembola were identified
(BusmacHiu 2021b). Most of the identified species
are associated with wood in various stages of decay.

An article dedicated to the invertebrates of other
studied protected areas, such as the Prutul de Jos
Biosphere Reserve, was published in 2023, which
includes the first data on collembolan species identi-
fied in this flooded area covered mainly by lakes and
meadows (BusmMAcHIU et al. 2023).

The aim of the present research was to identify the
species diversity and distribution of Collembola in

the natural deciduous forest on the basis of Quercus
sp. and the Robinia pseudoacacia plantation from the
Vila Nisporeni Landscape Reserve in a comparative
aspect, including the population structure, as well
as the presence of dominant and rare species, which
revealed the influence of invasive acacia species on
the populations of Collembola. The performed spe-
cies inventory is very valuable for research on the
biogeographic distribution and species preferences
in these habitats.

II. MATERIAL AND METHODS

Study sites

The Vila Nisporeni Protected Area (47°04'N 28°12'E)
was created in 1975 and is located in Nisporeni Dis-
trict, Republic of Moldova (Fig.1 A, B). The 3499 ha
of Vila Nisporeni is covered by several types of nat-
ural mixed deciduous forest with a basis of Quercus
species: Quercus pubescens and Q. petraea in combi-
nation with Tilia tomentosa, Fraxinus excelsior, etc.
(Fig 2 A, B), including a total of 314 species of vas-
cular plants, with 20 of them considered rare species.

Fig. 1. Map of the Vila Nisporeni Landscape Reserve location: A — Nisporeni District (https://ro.wikipedia.org/wiki/Vila_Nisporeni);
B — Vila Nisporeni Landscape Reserve (the forest on the map in dark green is a Landscape Reserve) (https://www.google.com/maps/

place/Vila+Nisporeni)
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Fig. 2. A — natural mixed deciduous forest; B — acacia plantation.

In the 1980s, a forest belt of Robinia pseudoacacia
was planted along the edge of the natural oak for-
est, which has grown rapidly, advancing towards the
natural forest and gradually replacing the native spe-
cies of trees. Vila Nisporeni belongs to Category V
(protected landscape), according to the International
Union for Conservation of Nature (IUCN).

Sampling and extraction

The study was performed in two types of habitats:
the natural oak forest (Fig. 2A); and an acacia plan-
tation (Fig. 2B) covering the cut land of the natural
forest.

Samples were collected from the soil, litter and rot-
ten trunks of Quercus sp., covered by moss, in July
and December 2015, July and October 2017, March
2019, March 2020, and March and August 2021.
The litter and soil were sampled by a metallic square
frame measuring 25 cm? to a 5 cm depth, with each
sample including 4 subsamples. From both types of
habitats, the same number of samples were taken.

The specimens were extracted using the modified
flotation method of BusmacHiu et al. (2015) and
were fixed in 96% ethyl alcohol. They were sorted,
cleared in lactic acid and KOH, and mounted on
permanent slides using Marc-Andre II solution. The
specimens were identified using a phase contrast mi-
croscope LEICA 2500.

Identification and collection of Collembola

For the identification of Collembola, the determi-
nation keys published within the Synopses on Palae-
arctic Collembola (BRETFELD 1999; Potarov 2001;
THiBAUD et al. 2004; DUNGER & ScHLITT 2011; JOR-
DANA 2012) and FJELLBERG (1998, 2007) were used,
as well as the original descriptions. The geographic
distribution and ecological data of the species were
excerpted from the same literature. The Collembola
life forms were analysed according to GisIN (1943)
and Rusek (2007); the habitat preferences of the spe-
cies are provided in the Appendix.

The collection of slides is stored in the Moldova
State University, Institute of Zoology and Institute of
Systematics and Evolution of Animals PAS.

Data analyses

A similarity percentage (SIMPER) test was em-
ployed to identify the collembolan species that
contributed the most to significant dissimilarities
between the two forest types. The analysis was per-
formed in R version 4.0.3 using the vegan package
version 2.5-7 (OksaNEN et al. 2020). The VennDia-
gram package (CHEN 2022) was used to draw the
Venn diagram. Diversity indices were calculated in
PAST 4.03 (HAMMER et al. 2001) and included the
following: dominance (D), Shanonn index, even-
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ness, Margalef’s index and the Berger—Parker index.
The dominance ranges from 0 to 1. Zero indicates
that all taxa are equally present, while 1 means that
a single taxon dominates the community. The Shan-
non index (entropy) is a diversity index taking into
account the number of individuals as well as the
number of taxa. It varies from 0 for communities
with only a single taxon, to high values for com-
munities with many taxa, each with few individu-
als. Evenness describes the commonness and ranges
from 0 to 1. When species are present in similar pro-
portions, the evenness increases and dominance de-
creases. Margalef’s index is an index describing the
richness (number of species) related to the number of
individuals in a community. The Berger-Parker index
is another way of describing dominance, which re-
lates the number of individuals in the dominant tax-
on compared to the total number of individuals (Ref-
erence manual, PAST 4.03, HAMMER et al. 2001).

III. RESULTS

Collembola diversity

As a result of our investigation, 68 species belong-
ing to 39 genera and 15 families were revealed in
both the studied habitats of the Vila Nisporeni Land-
scape Reserve (Protected Area). The species num-
ber identified in the natural forest was 59, but in the
acacia plantation it was 49. There were 40 species
common to both types of the habitats studied.

The most species rich was the family Isotomidae
represented by 17 species, followed by the families
Entomobryidae with 16 species, Tullbergiidae and
Hypogastruridae with 7 species each, and Neanu-
ridae with 6 species; another 10 families included
a small number of species. One genus — Jesenikia
—and 5 species, namely Jesenikia filiformis RUSEK,
1997, Folsomia fimetaria (LINNAEUS, 1758), Folsomia
dovrensis FIELLBERG, 1976, Orchesella pannonica
StacH, 1960 and Vertagopus haagvari FIELLBERG,
1996 are new for the fauna of the Republic of Moldo-
va and marked with an asterisk (*) in the Appendix.

According to the previous study by BusmacHIU
et al. (2015), collecting faunistic material in the
warm winter of Moldova, before the first frost, al-
lows researchers to highlight a wide range of collem-
bolan species, especially Isotomidae. In our present
study, we confirmed this finding, and for the most
part species listed for the first time in the Republic

of Moldova belonged to this family.

Among the studied entomobryid species, the genus
Pseudosinella is represented by 5 species, four of them
with 5+5 eyes found in the same samples. Three species,
namely Pseudosinella moldavica, P. pygmaea and
P, variabilis, were described from the Republic of Mol-
dova. At the present time, Pseudosinella moldavica
is known to occur in Romania and Ukraine, while the
other two species have been described from natural
deciduous European and Mediterranean forest types
situated in the central and southern part of the country.

In the family Hypogastruridae three species of the
genus Xenylla namely, Xenylla mediterranea, Xenylla
corticalis and Xenylla uniseta, of the existing eight spe-
cies (BusMacHIU & WEINER 2008; BUSMACHIU &
WEINER 2017) and only one species of Ceratophysella
and Hypogastrura genera were found. Before now,
Xenylla uniseta was cited once from a forest of the
calcareous canyon of the Dniester River (BusmMacHIU
et al. 2015).

Among the family Neanuridae, the subfamily Nea-
nurinae was represented by two genera with one spe-
cies each. The Deutonura species was found in this
habitat, while in other natural silvicolous ecosystems,
especially in the basin of the Dniester River, the spe-
cies of this subfamily are very abundant and a wide
range of species from the genera Deutonura, Neanura,
Endonura and Lathriopyga are present (BusMACHIU
et al. 2015). The new locality in the Vila Nisporteni
of Thaumanura carolii confirms the uniqueness of
its occurrence. In the Republic of Moldova, this spe-
cies has been found only in natural deciduous for-
ests (mainly with oaks) such as the Codrii and Plaiul
Fagului Reserves, Dobrusa Landscape Reserve and
Orhei National Park (Donici locality).

In the smallest Collembola from the family Tull-
bergiidae, six identified species are widespread in the
country. However, only Jevania weinerae was iden-
tified until now in two localities: Lalova and Vila Ni-
sporeni (BusmacHIu 2021a, b).

Species from the Onychiuridae family are unusu-
ally poorly represented in the Prut River basin.
Protaphorura sakatoi and Protaphorura pannonica
inhabited the studied habitats. We recorded a similar
result in our previous study carried out on the banks
of the Prut River in the northern part of the Repub-
lic of Moldova (BusmacHI1u et al. 2017). A few indi-
viduals of Deuteraphorura silvaria were present in
three samples from the natural forest (Appendix).
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Species from the Odontellidae family are very rare
in the Republic of Moldova, being indicators of old
natural oak forests, in which there is wood in an ad-
vanced stage of decomposition. In Vila Nisporeni,
two species of this family were identified, with one of
them Superodontella montemaceli, common in natu-
ral forests, and one specimen of a species possibly
new to science.

In the case of the families Tomoceridae and
Cyphoderidae, only one species of each with a few
specimens were found. The Symphypleona fami-
lies were also poorly represented: only 9 species
from 8 genera and 6 families with a total number of
178 specimens were found. For the most part, these
are widespread in the country. One species Sminthurus
wahlgreni was registered in only three localities in
the Republic of Moldova, including the Plaiul Fagului
Reserve, Lalova and the Vila Nisporeni Landscape
Reserve (BusmacHIU 2021a, b).

The numbers of collembolan species revealed in
summer and winter were similar, i.e. 38 and 40, re-
spectively. However, the genera of the Entomobryidae
family (especially Orchesella and Pseudosinella) as
well as Arrhopalitidae, were represented by a higher
number of species and individuals in summer. In
the winter, they were present only in rotten trunks,
whilst most of the Isotomidae species have been
found in this season.

Table 1

Five species: Mesaphorura critica, Protaphorura
sakatoi, Parisotoma notabilis, Lepidocyrtus lignorum
and Pseudosinella horaki were present in all the
samples from both habitats.

Several collembolan species: Deuteraphorura
silvaria, Thaumanura carolii, Superodontella
montemaceli, Jevania weinerae and Tetracanthella
pilosa, showed a preference for the natural forest.

Comparison of collembolan species structure be-
tween the studied habitats

The SIMPER analysis indicated a medium degree
of variability between the natural deciduous forest
and the acacia plantation, with a 37.05% average
dissimilarity. There were eight species with an aver-
age value of dissimilarity higher than 1%, out of
which six species (Protaphorura sakatoi, Isotomiella
minor, Lepidocyrtus lignorum, Tetracanthella pilosa,
Folsomia quadrioculata and Folsomia manolachei)
were characterised by contributions higher than 2%,
explaining ca 60% of the variability (Table 1).

A change in the structure of the Collembola assem-
blages was observed under the acacia plantation,
with a loss of diversity and increased dominance of
a single species in comparison to the natural forest.
The species which was the most abundant in the nat-
ural forest was Protaphorura sakatoi (336 individu-
als) and its number was even higher under the aca-
cias (526 individuals).

Results of the SIMPER analysis of the examined natural deciduous forest and acacia plantation, with the top
eight species primarily responsible for the observed differences (average dissimilarity > 1%). The overall
average dissimilarity between the two sites amounted to 35.05%

Species Dissimilarity % NZ?:E};EZ“’ Aca:li)z:lg(lizlg:;ion, Cli?lll;lllﬁgg ff/fn'

Protaphorura sakatoi 5.19 336 526 14

Isotomiella minor 4.72 236 63 26.75
Lepidocyrtus lignorum 3.74 191 54 36.85
Tetracanthella pilosa 3.19 117 0 45.47
Folsomia quadrioculata 2.81 146 43 53.06
Folsomia manolachei 2.78 112 10 60.57
Heteromurus major 1.45 3 56 64.48
Pseudosinella horaki 1.06 176 137 67.35
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The other major species in the natural forest —
Isotomiella minor, Lepidocyrtus lignorum, Folsomia
quadrioculata and Folsomia manolachei — were less
abundant under the acacias, where their numbers
were lower by 3 to 4-times or even 11-times (Folsomia
manolachei). In addition, one of the more abundant
species in the natural forest, Tetracanthella pilosa
(117 specimens), was completely absent under the
acacias. In total, 19 species were missing under the
acacias in comparison to the natural forest and nine
new species appeared (Fig. 3), of which two species,
Micranurida pygmaea and Sminthurus wahlgreni,
appeared in considerable numbers (13 and 15 speci-
mens, respectively). As a result, the Shannon diver-
sity index was lower under the acacias (2.69) in
comparison to the natural forest (2.91), and the dom-
inance was 0.08 in the natural forest and 0.14 in the
acacia plantation (Table 2).

Fig. 3. Venn diagram showing the number of Collembola species
in the natural forest (green oval) and in the acacia plantation
(yellow oval).

Table 2

Diversity indices of Collembola in the samples from
the examined natural forest and acacia plantation

Habita Torest | plantaton
Number of species 59 49
Individuals 2044 1619
Dominance 0.08 0.14
Shannon 291 2.69
Evenness 0.31 0.30
Margalef 7.61 6.50
Berger-Parker 0.16 0.32

The majority of the species had a wide geographic
occurrence; namely, a Palaearctic (13), Holarctic
(14), European (14) and Cosmopolitan (11) distri-
bution, with four species having a Mediterranean
range. Pseudosinella pygmaea and P. variabilis were
described from the Republic of Moldova (GamMa &
Busmachiu 2004). Comparing the forest and planta-
tion, there were a similar numbers of species con-
sidering the biogeographic distribution, with some
differences in the case of European species that
were represented by 16 species in the natural for-
est and 10 in the Robinia pseudoacacia plantation.
The abundance and number of collembolan species
distributed in the Palaearctic range was two times
higher in the natural forest (463 individuals), and in
the Holarctic was 3-times higher (632) than in the
acacia plantation (227 and 242, respectively).

According to the classification of life forms,
27 collembolan species were epiedaphic, 22 hemie-
daphic and 20 euedaphic. Looking at the collem-
bolan life forms in the natural forest and acacia plan-
tation, the euedaphic species had a two-times higher
abundance in the natural forest (487) than under the
acacias (218 individuals), and one third higher in the
hemiedaphic form, with 738 individuals in the natu-
ral forest vs 532 under the acacias. The richness of
species divided into specific life forms did not differ
between the studied oak forest and the acacia planta-
tion.

IV. CONCLUSIONS

The present work focused on the diversity and
habitat preferences of collembolan species from the
Vila Nisporeni Landscape Reserve and the adjacent
acacia plantation. A total of 68 species were recorded
in both habitats, of which Deuteraphorura silvaria,
Thaumanura carolii, Superodontella montemaceli,
Jevania weinerae and Tetracanthella pilosa showed
a preference for the natural forest. One genus —
Jesenikia —and 5 species, namely Jesenikia filiformis
Rusek, 1997, Folsomia fimetaria (LINNAEUS, 1758),
Folsomia dovrensis FIELLBERG, 1976, Orchesella
pannonica STACH, 1960 and Vertagopus haagvari
FIELLBERG, 1996 are new for the fauna of the Re-
public of Moldova; while a further three species,
Pseudosinella moldavica, P. pygmaea and P, variabilis
found in Vila Nisporeni were previously described
from the Republic of Moldova.
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Comparative analyses revealed 40 species to be
common for both habitats, along with 19 species
found only in the natural forest and 9 species found
only in the acacia plantation. Notably, the acacia
plantation was established on the edge of the natural
forest, most likely replacing the areas of natural for-
est where it had been cut down. Therefore, it is in-
triguing that almost two thirds (40) of the 68 species
identified in this work were common for both areas
— the acacia plantation and the natural forest. It is
worth noting that among the common species there
were 23 hemiedaphic and euedaphic species, which
are less likely to disperse than the epiedaphic spe-
cies. In particular, the euedaphic species are known
to remain in changed habitats much longer than
epiedaphic ones. A similar phenomenon was previ-
ously observed in the Pieniny Mountains, Poland
(WEINER 1981). The fauna of the ‘Pieniny mead-
ows’ (Anthylii-Trifolietum), which resulted from
cutting down (cutting each year to preserve this type
of meadow) parts of the natural forest, showed many
common characteristics with the fauna of the natural
forest, despite having a lower level of diversity.
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APPENDIX

List of Collembola from Vila Nisporeni with the
number of individuals collected, biogeographic dis-
tribution (BD) and life forms (see pages 24-26).

REFERENCES

ABsoLON K. 1901. Zwei neue Collembolenformen aus den
Hohlen des méhrischen Karstes., Zoologischen Anzeiger,
24(634): 32-33.

ARBEA 1. WEINER W.M. 1992. Deux nouvelles espéces euro-
péennes de Superodontella Stach (Collembola, Odontellidae).
Bulletin de la Société entomologique de France, 96(5): 419-
425. https://doi.org/10.3406/bsef.1991.17753

AXELSON W.M. 1902. Diagnosen neuer Collembolen aus Fin-
land und angrenzden Teilen des nordwestlichen Russlands.
Meddelanden Societas af Fauna et Flora Fennica, 28: 101-111.

AXELSON W.M. 1903. Weitere Diagnosen iiber neue Collembo-
len-Formen aus Finland. Acta Societatis pro Fauna et Flora
Fennica, 25(8): 1-13.

BagnaLL R.S. (1939) Notes on British Collembola.
Entomologist’s Monthly Magazine, 74: 56-59.

BOURLET A. 1839. Mémoire sur les Podures. Mémoires de la
Société des Sciences de ’Agriculture de Lille, 1: 377-417.

BORNER, C. 190la.Vorldufige Mittheilung iiber einige neue
Aphorurinen und zur Systematik der Collembola. Zoologischer
Anzeiger, 24(633): 1-15.

BORNER C. 1901b. Neue Collembolenformen und zur Nomen-
clatur der Collembola Lubbock. Zoologischer Anzeiger, 24:
696-712.

BRETFELD G. 1999. Symphypleona. [In:] W. Dunger (ed.) Syn-
opses on Palaearctic Collembola. Vol. 2. Abhandlungen und
Berichte des Naturkundemuseum, Gorlitz, 71: 1-318.

BusmacHIu G. 2006. The structure of collembolan communities
from the riverine zone of the Lower Prut River. Collection of
scientific articles. In memoriam of academician Leo Berg —
130 years. Bender: 142-146.

BusmacHIU G. 2021a. Fauna colembolelor (Hexapoda: Collem-
bola) din Republica Moldova. Chiginau, Capatina Print, 200
pp- [In Romanian]

BusmacHIU G. 2021b. Colembolele (Hexapoda) din Rezervatia
,Plaiul Fagului”. [In:] G. Busmachiu (ed.) Fauna Rezervatiei
Plaiul Fagului. Nevertebrate. Chiginau, Capatina Print, 1653
pp- [In Romanian]. https://doi.org/10.53937/9789975347792

BusmacHiu G., WEINER W.M. 2008. Species of Xenylla (Col-
lembola: Hypogastruridae) from the Republic of Moldova,
with description of Xenylla andrzeji sp. nov. Zootaxa, 1959:
65-68. https://doi.org/10.11646/zootaxa.1959.1.4

BusmacHIu G., WEINER W.M. 2013. Collembola from the Mol-
davian banks of Dniester River. New records. Annales Zoologici,
Warsaw, 63(4): 529-535.
https://doi.org/10.3161/000345413X676759

BusmacHiu G., WEINER W.M. 2017. Hypogastruridae (Collembola:
Hexapoda) from the Republic of Moldova. Acta zoologica cra-
coviensia, 60(1): 17-27. https://doi.org/10.3409/azc.60 1.17

BusMacHIU G., BEDOS A., DEHARVENG L. 2015. Collembolan
species diversity of calcareous canyons in the Republic of
Moldova. ZooKeys, 506: 95-108.
https://doi.org/10.3897/zookeys.506.8643

BusMAcHIU G., KovAC L., MIKLISOVA D., WEINER W.M. 2017.
Riparian Collembola (Hexapoda) communities of northern
Moldova, Eastern Europe. ZooKeys, 724: 119-134.
https://doi.org/10.3897/zookeys.724.12478


https://doi.org/10.3406/bsef.1991.17753
https://doi.org/10.53937/9789975347792
https://doi.org/10.11646/zootaxa.1959.1.4
https://doi.org/10.3161/000345413X676759
https://doi.org/10.3409/azc.60_1.17
https://doi.org/10.3897/zookeys.506.8643
https://doi.org/10.3897/zookeys.724.12478

22 G. BusMACHIU et al.

BusmacHIU G., BAcAL S., ENcIU E., TUGULEA C., DERJANSCHI V.,
GROZDEVA S., BURDUJA D, PALAD, V. 2023. Fauna Rezervatiei
Biosferei ,,Prutul de Jos”. Nevertebrate. Chisinau, Capatina
Print, 1528 pp. [In Romanian]

CHEN H. 2022. VennDiagram: Generate High-Resolution Venn
and Euler Plots. R package version 1.7.3.
https://CRAN.R-project.org/package=VennDiagram

DunGER W., ScHLITT B. 2011. Synopses on Palacarctic Collembola.
Tullbergiidae. Soil Organisms, 83(1): 1-168.

ELLis W.N. 1976. Automn fauna of Collembola from Central
Crete. Tijdschrift voor Entomologie, 119(8), 221-326.

Fasricius J.C. 1775. Systema Entomologiae sistens Insectorum,
Classes, Ordines, Genera, Species, Adiectis, Synonymis,
Locis, Descriptionibus, Observationibus. Flensburgi et Lipsiae
in Officina Libraria Kortii. Pp. 301-303.
https://doi.org/10.5962/bhl.title.36510

FIELLBERG A. 1976. Collembola from mountains in South
Norway. Norwegian Journal of Entomology, 23: 127-137.

FIELLBERG A. 1996. Sensillary patterns in Vertagopus with de-
scription of a new European species (Collembola, Isotomidae).
Miscellania Zoologica, 19(1): 99-103.

FIJELLBERG A. 1998. The Collembola of Fennoscandia and
Denmark. Part. I: Poduromorpha. Fauna Entomologica Scan-
dinavica, 35: 1-183. https://doi.org/10.1163/9789004273634

FIELLBERG A. 2007. The Collembola of Fennoscandia and Den-
mark. Part II: Entomobryomorpha and Symphypleona. Fauna
Entomologia Scandinavica, 42: 1-264.
https://doi.org/10.1163/ej.9789004157705.1-265

FoLsom J.W. 1896. Neelus murinus representing a new Thysa-
nuran family. Psyche, 7: 391-392.
https://doi.org/10.1155/1896/43242

Fourcroy A. F. 1785. Entomologia Parisiensis; sive catalogus
insectorum qué in agro Parisiensi reperiuntur; secundam me-
thodam Geoffroeanam in sectiones, genera & species distribu-
tus: cui addita sunt nomina trivialia & fere trecente nove spe-
cies. Pars secunda, Parisiis. Pp. 232-544.
https://doi.org/10.5962/t.174486

GaMA M. M. pa 1963. Quatre especes nouvelles de Collemboles
d’Autriche et de Yougoslavie. Archives des Sciences, Genéve,
16: 43-50.

GaMa M.M. DA 1964. Colembolos de Portugal Continental. Me-
morias e Estudos do Museu Zoologico da Universidade de
Coimbra, 292: 1-252.

GaMa M. M. pa, BusMacHIU G. 2002. Systématique évolutive
des Pseudosinella. XV1. Espcces édaphiques de la Moldavie.
Revue suisse de Zoologie, 109(4): 679-685.
https://doi.org/10.5962/bhl.part.79561

GaMA M.M. pa , BusmacHIU G. 2004. Espéces nouvelles du
genre Pseudosinella provenant de la Eoldavie et d’Ukraine

(Collembola: Entomobryidae). XVIII® contribution. Revue
Suisse de Zoologie, 111(4): 743-747.
https://doi.org/10.5962/bhl.part.80267

GisiN H. 1943. Okologie und Lebensgemeinschsften der Coll-
embolen im Schweizerischen Exkursionsgebiet Basels. Revue
Suisse de Zoologie, 50(4): 131-219.

GisIN H. 1949. Notes sur les Collemboles avec description de
quatorze espcces et d.un genre nouveaux. Mitteilungen der
Schweizerischen Entomologischen Gesellschaft, 22: 385-410.

GrsiN H. 1952. Notes sur les Collemboles, avec démembrement
des Onychiurus armatus, ambulans et fimetarius auctorum.
Mitteilungen der Schweizerischen Entomologischen Gesell-
schaft, 25(1): 1-22.

GisiN H. 1957. Sur la faune européenne des Collemboles 1. Re-
vue Suisse de Zoologie, 64(25): 475-496.
https://doi.org/10.5962/bhl.part.75498

GisiN H. 1958. Sur la faune européenne des Collemboles II.
Revue Suisse de Zoologie, 65(36): 773-778.
https://doi.org/10.5962/bhl.part. 75552

HavsacH G. 1960. Beitrag zur Collembolenfauna Osterreichs.
Drei neue Onychiurus-Arten aus der Gruppe armatus. Verhan-
dlungen der Zoologisch-Botanischen Gesellschaf in Wien,
100: 69-73.

HaMMER R., HARPER D.A.T., Ryan P.D. 2001. PAST: Paleonto-
logical Statistics Software Package for Education and Data
Analysis. Palaeontologia Electronica, 4(1): 1-9.

JorDANA R. 2012. Synopses on Palaearctic Collembola.
Capbryinae & Entomobryini. Soil Organisms, 83(1): 1-168.

KRrAUSBAUER T. 1898a. Neue Collembola aus der umgebung von
Weilburg a/Lahn. Zoologischer Anzeiger, 21(567): 495-499.

KrAUsBAUER T. 1898b. Neue Collembola aus der Umgebung
von Weiburg a./Lahn. Zoologischer Anzeiger, 21(568): 501-504.

Linngus C. 1758. Podura (Insecta: Aptera). [In:] Systema Na-
ture per Regna tria Naturae, secundum Classes, Ordines, Gene-
ra, Species, cum Characteribus, Differentis, Synonymis, Locis.
Tomus I, Editio Decima, Reformata, Holmiz, (Laurentii Sal-
vii). Pp. 608-609. HTTPS://DO1.ORG/10.5962/BHL.TITLE.542

LuBBock J. 1862. Notes on Thysanura. — Part II. Smynthuridae.
Transactions of the Linnean Society, 23(3): 589-601.
https://doi.org/10.1111/j.1096-3642.1860.tb00149.x

LusBock J. 1873. Monograph of the Collembola and Thysanura.
The Ray Society, London, 276 pp.
https://doi.org/10.5962/bhl.title. 11583

MiLLs H.B. 1934. A Monograph of the Collembola of Iowa. Col-

legiate Press, Inc., Ames, lowa, 143 pp.
HTTPS://DO1.ORG/10.31274/1suDP.1934.47

Moniez R. 1890. Notes sur les Thysanoures -I- espéces qui
vivent aux Acgores. Revue Biologique du Nord de la France,
2(1): 24-31.


https://doi.org/10.5962/bhl.part.80267
https://doi.org/10.5962/bhl.part.75498
https://doi.org/10.5962/bhl.part.75552
https://doi.org/10.5962/bhl.title.542
https://doi.org/10.1111/j.1096-3642.1860.tb00149.x
https://doi.org/10.5962/bhl.title.11583
https://doi.org/10.31274/isudp.1934.47
https://cran.r-project.org/package=VennDiagram
https://doi.org/10.5962/bhl.title.36510
https://doi.org/10.1163/9789004273634
https://doi.org/10.1163/ej.9789004157705.i-265
https://doi.org/10.1155/1896/43242
https://doi.org/10.5962/t.174486
https://doi.org/10.5962/bhl.part.79561

Collembola from Vila Nisporeni Protected Area of Moldova 23

NicoLeT H. 1842. Recherches pour Servir a 1’Histoire des
Podurelles. Nouveaux Mémoires de La Société Helvétique des
Sciences Naturelles, 6: 1-88.

OKSANEN J., BLANCHET F.G., FRIENDLY M., KINDT R., LEGENDRE P.,
McGLINN D., MiNcHIN P. R., O’Hara R.B., SmmpsoN G.L.,
Sorymos P., STEVENS M. H.H., Sz6cs E., WAGNER H. 2020.
Community Ecology Package. Available from: https://www.
researchgate.net/publication/346579465 vegan community
ecology package version 25-7 November 2020  [accessed
19 Nov. 20237, 298 pp.

ParoNa C. 1888. Res Ligusticae. Collembole e Tisanuri. Finora
riscontrate in Liguria. Annali del Museo civico di storia natura-
le di Genova, 26(6): 133-154.

Potapov M. 2001. Isotomidae. /n: W. Dunger, (ed.), Synopses
on Paleartic Collembola. Vol. 3. Abdhandlungen und Berichte
des Naturkundemuseums Gorlitz, 73(2): 1-603.

Rusek J. 1971. Zweiter Beitrag zur Kenntnis der Collembola
(Apterygota) Chinas. Acta Entomologica Bohemoslovaca,
68(2): 108-137.

Rusek J. 1974. Zur Taxonomie der Tullberginae (Apterygota:
Collembola). Vestnik Ceskoslovenské Spolecnosti Zoologické,
38 (1): 61-70.

Rusek J. 1976. New Onychiuridae (Collembola) from Vancou-
ver Island. Canadian Journal of Zoology, 54: 19-41.
https://doi.org/10.1139/276-003

Rusek J. 1978. New Palearctic taxa of Tullbergiinae (Collembola).
Acta Entomologica Bohemoslovaca, 75: 255-271.

Rusexk J. 1982. European Mesaphorura species of the sylvatica-
group (Collembola, Onychiuridae, Tulbergiinae). Acta Ento-
mologica Bohemoslovaca, 79: 14-30.

Rusek J. 1985. New Paleartic Lepidocyrtus and Pseudosinella
species (Collembola: Entomobryidae). Véstnik Ceskoslovenské
Spolecnosti Zoologické, 49: 132-146.

RuUsEK J. 1997. Jesenikia filiformis gen. n., sp. n. (Collembola:
Isotomidae) from Czech Republic and Bulgaria. European
Journal of Entomology, 94: 115-120.

Rusek J. 2007. A new classification of Collembola and Protura
life forms. [In:] K. TAJOVSKY, J. SCHLAGHAMERSKY, V. PIZL
(eds). Contribution to Soil Zoology in Central Europe II.
Pp. 109-115.

ScHAFFER C. 1896. Die Collembolen der Umgebung von Ham-

burg und benachbarter Gebiete. Mitteilungen aus dem
Naturhistorischen Museum in Hamburg, 13: 149-216.

ScHERBAKOV A.M. 1898. Einige Bemerkungen iiber Apterygo-
genea, die bei Kiew 1896-1897 gefunden wurden. Zoologis-
cher Anzeiger, 21(6): 57-65.

ScHOTT H. 1891. Nya nordiska Collembola. Entomologisk tid-
skrift, 12: 191-192.

ScuoTT H. 1902. Etudes sur les Collemboles du Nord. Bikang
Svenska Vetenskaps-Akademiens Handlingar, 28(4): 1-48.

StacH J. 1920. Vorarbeiten zur Apterygoten-Fauna Polens Teil
II: Apterygoten aus den Pieniny. Bulletin International de
[‘Académie Polonaise des Sciences et des Lettres, Classe des
Sciences Matématiques et Naturelles, série B: Sciences Natu-
relles, 133-233.

StacH J. 1930 Apterygoten aus dem nordlichen und 6stlichen
Spanien. Abhandlungen der Senckenbergischen Naturfor-
schenden Gesellschaft, 42(1): 1-83.

StacH J. 1949.The Apterygotan fauna of Poland in relation to the
world-fauna of this group of insects. Families: Neogastruridae
and Brachystomellidae. Polska Akademia Umiejetnosci, Acta
monographica Musei Historiae Naturalis, Krakow, 341 pp.

StacH J. 1960 The Apterygotan Fauna of Poland in Relation to
the World-Fauna of this group of insects. Tribe: Orchesellini.
Polska Akademia Nauk, Panstwowe Wydawnictwo Naukowe
PWN, Krakéw, 151 pp.

TemMPLETON R. 1836.Thysanurae Hibernicae, or Description of
such Species of Spring-tailed Insects (Podura and Lepisma,
Linn.) as have been observed in Ireland. With Introductory Ob-
servations upon the Order by J.O. Westwood, The Transac-
tions of the Entomological Society Of London, 1(2): 89-98.
https://doi.org/10.1111/j.1365-2311.1838.tb00147.x

THiBAUD J.-M., ScHuLz, H.-J. & GamMa M.M. DpA. 2004.
Hypogastruridae. [In:] W. Dunger, (ed.)., Synopses on
Paleartic Collembola. Vol. 4. Abhandlungen und Berichte des
Naturkundemuseums. Gorlitz, 75: 1-287.

TuLLBERG T. 1869. Om skandinaviska Podurider af Under-
familjen Lipurinae. Akademisk Athandling, Uppsala, 21 pp.

TuLLBERG T. 1871. Forteckning 6fver Svenska Podurider.
Ofversigt af Kongliga Vetenskaps-Akademiens Forhandlingar,
28: 143-155.

TUuLLBERG T. 1877. Collembola borealia. Ofversigt af Kongliga
Vetenskaps-Akademiens Férhandlingar (1876), 5: 23-42.

UzeL J. 1891 Thysanura Bohemiae. Sitzungsberichte der
Koniglich béhmischen Gesellschaft der Wissenschaften in
Prag, 2: 3-82. [in Czech].

WEINER, M. W. (1981) Collembola of the Pieniny National Park
in Poland. Acta zoologica cracoviensia, 25: 417-500.

WEINER W. M., BusMacHIU G. 2018. New records of Collembola
(Hexapoda) from Vila Nisporeni Protected Area. International
Symposium “Functional Ecology of Animals”. Dedicated to
the 70th Anniversary from the birth of Academician I. Toderas.
Chisinau, Republica Moldova: 364-366.
https://ibn.idsi.md/sites/default/files/imag_file/364-366 0%20
%281%29.pdf

WILLEM V. 1900. Un type nouveau de Sminthuride: Megalothorax.
Annales de la Société Entomologique de Belgique, 44: 7-10.

Yosi R. 1966. On some Collembola of Afghanistan, India and
Ceylon, collected by the Kuphe—Expedition, 1960. Results of
the Kyoto University Scientific Expedition to the Karakorama
and Hindukush 1955, 8: 333-405.


https://doi.org/10.1111/j.1365-2311.1838.tb00147.x
https://ibn.idsi.md/sites/default/files/imag_file/364-366_0 %281%29.pdf
https://ibn.idsi.md/sites/default/files/imag_file/364-366_0 %281%29.pdf
https://www.researchgate.net/publication/346579465_vegan_community_ecology_package_version_25-7_November_2020
https://www.researchgate.net/publication/346579465_vegan_community_ecology_package_version_25-7_November_2020
https://www.researchgate.net/publication/346579465_vegan_community_ecology_package_version_25-7_November_2020
https://doi.org/10.1139/z76-003

24 G. BusMACHIU et al.

APPENDIX

List of Collembola from Vila Nisporeni with the number of individuals collected, biogeographic distribution
(BD) and life forms. Abbreviations for the habitats: NF — natural forest, RP —acacia plantation; C — cosmopoli-
tan, E — European, H — Holarctic, P — Palaearctic, M — Mediterranean, R — known from the type locality only;
e — epiedaphic, h — hemiedaphic, eu — euedaphic; * — species new to Moldova, ** — species probably new for
science

Taxa Habitat BD Life forms
NF RP

Hypogastruridae
Ceratophysella engadinensis (GISIN, 1949) 1 2 C e
Hypogastrura manubrialis (TULLBERG, 1869) 0 1 C e
Xenylla mediterranea Gama, 1964 2 0 M h
Xenylla corticalis BORNER, 1901; in: BORNER 1901b 9 0 P h
Xenylla uniseta GAMA, 1963 0 2 M h
Willemia intermedia MiLLs,1934 2 1 H eu
Willemia scandinavica STACH, 1949 0 6 H eu
Neanuridae
Deutonura albella (Stach, 1920) 14 20 E h
Thaumanura carolii (STACH, 1920) 9 0 E h
Micranurida pygmaea BORNER, 1901; in: BORNER 1901b 0 13 C h
Pseudachorutes dubius KRAUSBAUER, 1898; in: Krausbauer 1901b 7 0 P e
Pseudachorutes parvulus BORNER, 1901; in: BORNER 1901b 25 3 P e
Pseudachorutes sp.** 1 0 e
Odontellidae
Superodontella montemaceli ARBEA & WEINER, 1992 8 0 E h
Superdontella sp.** 1 0 h
Onychiuridae
Deuteraphorura silvaria (GiSIN, 1952) 7 0 R eu
Protaphorura pannonica (HAYBACH, 1960) 2 2 E eu
Protaphorura sakatoi (Yosl, 1966) 336 526 E eu
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Taxa Habitat BD Life forms
NF RP
Tullbergiidae
Doutnacia xerophila RUSEK, 1974 31 51 E eu
Jevania weinerae RUSEK, 1978 5 0 E eu
Mesaphorura critica ELL1S, 1976 101 78 P eu
Mesaphorura hylophila RUSEK, 1982 51 71 P eu
Mesaphorura krausbaueri BORNER, 1901; in: BORNER 1901a 12 0 C eu
Mesaphorura macrochaeta RUSEK, 1976 4 0 C eu
Mesaphorura sylvatica (RUSEK, 1971) 6 0 P eu
Isotomidae
Desoria intermedia (SCHOTT, 1902) 3 4 P e
Desoria propinqua (AXELSON, 1902) 14 5 H e
Desoria violacea (TULLBERG, 1877) 1 0 E e
Folsomia dovrensis FIELLBERG, 1976 * 2 7 H h
Folsomia fimetaria (LINNAEUS, 1758)* 4 0 H eu
Folsomia quadrioculata (TULLBERG, 1871) 146 43 H h
Folsomia manolachei BAGNALL, 1939 112 10 P h
Jesenikia filiformis RUSEK, 1997 * 2 1 P eu
Isotoma caerulea BOURLET, 1839 3 2 H e
Isotoma viridis BOURLET, 1839 14 39 H €
Isotomiella minor (SCHAFFER, 1896) 236 63 H eu
Parisotoma notabilis (SCHAFFER, 1896) 204 176 C h
Proisotoma minima (ABSOLON, 1901) 0 1 H h
Proisotomodes bipunctatus (AXELSON, 1903) 12 16 H h
Tetracanthella pilosa SCHOTT, 1891 117 0 P e
Vertagopus haagvari FIELLBERG, 1996 * 1 0 P e
Entomobryidae
Entomobrya marginata (TULLBERG, 1871) 4 1 E e
Entomobrya muscorum (NICOLET,1842) 1 2 H e
Orchesella bulgarica STACH, 1960 5 1 E e
Orchesella spectabilis TULLBERG, 1871 7 0 E e
Orchesella pannonica STACH, 1960* 1 0 E e
Orchesella multifasciata SCHERBAKOV, 1898 24 24 E e
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Habitat .
Taxa BD Life forms
NF RP
Lepidocyrtus lignorum (FABRICIUS, 1775) 191 54 H e
Lepidocyrtus paradoxus UzZEL, 1891 0 1 H e
Lepidocyrtus violaceus (GEOFFROY in FOURCROY, 1785) LuBBoCK 1873 7 1 H e
Pseudosinella albida (StacH, 1930) 31 18 M e
Pseudosinella horaki RUSEK, 1985 176 137 E h
Pseudosinella moldavica GAMA & BusMmacHIu, 2002 3 5 E h
Pseudosinella pygmaea GAMA & BusMmacHIU, 2004 10 0 R h
Pseudosinella variabilis GaAMA & BusmacHIU, 2004 9 2 R h
Heteromurus major (MONIEZ, 1890) 3 56 M h
Heteromurus nitidus (TEMPLETON, 1836) 14 39 C h
Tomoceridae
Tomocerus vulgaris (TULLBERG, 1871) 1 2 C h
Cyphoderidae
Cyphoderus bidenticulatus (PARONA, 1888) 3 4 M eu
Arrhopalitidae
Pygmarrhopalites secundarius (GISIN, 1958) 0 1 P eu
Pygmarrhopalites terricola (GisIN, 1958) 1 3 E eu
Neelidae
Neelus murinus FoLsoMm, 1896 10 31 C eu
Megalothorax minimus WILLEM, 1900 6 18 C eu
Sminthurididae
Sphaeridia pumilis (KRAUSBAUER, 1898) ; in: Krausbauer 1901a 3 16 C h
Katiannidae
Sminthurinus aureus (LUBBOCK, 1862) 11 33 P e
Gisianus flammeolus (GISIN, 1957) 18 11 P e
Dicyrtomidae
Dicyrtoma fusca (LUBBOCK, 1873) 0 1 H e
Sminthuridae
Sminthurus wahlgreni juv. STACH, 1920 0 15 P e
Total abundance 2044 1610




