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Peucedanum arenarium subsp. arenarium — a critically endangered
species of the Slovak flora (morphometry, distribution, biology)
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Abstract: The species Peucedanum arenarium WALDST. et KIT. has a single contemporary occurrence in the Czech
and Slovak Republics at present, on several microlocalities on the south-western and southern slopes of Sandberg hill
(National Nature Reserve Devinska Kobyla) near Bratislava — municipal part Devinska Novéd Ves. The vegetation with this
species belongs to the class Festuco-Brometea, a closer phytosociological classification of the community is problematic.
The species is a monocarpic perennial with a sterile life span of about three years. The plant comes to flower in the fourth
year, produces ca 8,500 mericarps, and dies. Individual years of its development can be differentiated according to the
number and diameter of leaves in the rosette at the soil level. The viable mericarps develop mainly on the circumference
of the terminal inflorescences (compound umbels) of the minor branches. In laboratory conditions they germinate poorly
(scarification is probably necessary).

A relatively large number of various insects was found on the plants (86 species of five orders), mostly phytophagous.
The P. arenarium population might be endangered when fructophagous insect species (Tingis clavicorne, Copium teucrii,
Graphosoma lineatum) enormously increase in number, as it reproduces exclusively in the generative way, by mericarps.
Results of the first sketch may be used for Recovery Programme of P. arenarium in NNR Devinska Kobyla.
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Introduction land communities (DOSTAL, 1950, 1989; KARPATIOVA

et al., 1961; GRULICH, 1997; FERAKOVA & GRULICH,

Peucedanum arenarium WALDST. et KIT., Apiaceae
family, is a monoecious species with hermaphrodite
flowers, hemicryptophyte, diploid, 2n = 22 (FERAKOVA
& MURIN, 1976; KuzMANOV et al., 1977; VASILYEVA
et al., 1981). It is a representative of the nominate sec-
tion Peucedanum. Flowering time July — August, re-
production exclusively generative (DOSTAL, 1950, 1989;
HLAVACEK et al., 1984; GRULICH, 1997). Population
dynamics of this monocarpic perennial has been stud-
ied by SERA & KOCIANOVA (2000) and SERA et al.
(2000).

Peucedanum arenarium is spread mainly in the
Pannonian region, vertically usually in lowland, where
it is often a part of the associations of the alliance Festu-
cion vaginatae S06 1940 and other thermophilous grass-

1999). It needs sandy or dry, deeper basic soil with un-
closed vegetation.

In the past its occurrence in the Czech Republic
was mentioned in single locality in south Moravia, Dol-
nomoravsky uval — Rohatec (at northwest limit of its
distribution area), however at present this species is
considered extinct (PROCHAZKA, 2001). Its occurrence
in the Slovak Republic was more frequent. In the past it
was often found on several localities in the south-west
of the territory. Now its presence is confirmed only on
Sandberg hill near Devinska Nova Ves (National Na-
ture Reserve Devinska Kobyla, further NNR), and it
was included in the list of endangered taxa of the Slo-
vak flora (FERAKOVA et al., 2001). The species can be
considered phytogeographically significant, as well as a
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border element of the Slovak flora.

Biological research of this species is at the mar-
gin of botanical interest, but P. arenarium has an
interesting and not common life history (monocarpic
perennial). In addition this species probably grows only
in one place in the Slovak Republic (NNR Devinska
Kobyla). Are the slopes of Sandberg hill the last local-
ities of its occurrence? Which morphological and bio-
logical characteristics are connected with this species?
All these information are important for a convenient
management, that may be used for its populations on
the Sandberg hill. This papers brings more information
about distribution, morphometrics, and first of all new
knowledge about the life history of P. arenarium.

Material and methods

In early nineties within the Recovery programme of P. are-
narium historical records of its occurrence in Slovakia were
checked in the field. The only one contemporary site of the
species theSandberg hill in NNR Devinska Kobyla near De-
vinska Nova Ves has been found recently (VAGENKNECHT,
1993; KOCIANOVA, 1995, 1999; FERAKOVA et al., 1994,
FERAKOVA & KOCIANOVA, 1997). An autecological inves-
tigation of P. arenarium has been running there since 1994,
with emphasis on morphometric evaluation and population
dynamics.

Under the project “Partial monitoring system Biota”
a basic permanent plot 20 x 20 m? with 400 squares 1 x 1
m? was marked off in 1994 In 2000 and 2001 for every fer-
tile individual the following parameters were recorded: plant
height, number of leaves in the rosette at soil level, diame-
ter of the rosette, number of compound inflorescences (IP),
number of rays in terminal inflorescence (SUU), and num-
ber of flowers in secondary umbels (FSU). The data about
the number of generative organs were used for assessing the
potentia number of mericarps (SP) produced by one plant
during its life time: SP=IP*SUU*FSU*2. Four plants out
of the total number of 237 fertile individuals (35 in the
year 2000, 202 in 2001) could not be used, mostly due to
dry rosette or inflorescence (all four found in 2001). Nei-
ther plants with broken leaves were included into the data
set, as after the removal of branches or terminal, the plant
increases the number of flowers (as shown with Heracleum
mantegazzianum by PYSEK et al., 1995).

Fruits were collected separately from the terminal com-
pound umbels and from the lateral ones on randomly chosen
plants out of the permanent square. Fruits from inner and
outer secondary umbels were always carefully distinguished.
Then they were dried for 24 h at 80°C, and individual meri-
carps were weighed on analytical scales (SARTOURIOUS).
In 2001 and 2002 seed germination of one hundred randomly
chosen fruits was tested in a standard way (room tempera-
ture, half of the mericarps after chilling and scarification).
For other details see Reproductive strategy. Three sterile
growth phases were determined on the area: a seedling (I),
a small sterile plant (II), and a big sterile plant (III). In
2000 and 2002 for all the sterile individuals on the square of
16 m? the number of leaves per rosette was counted, and for
sterile plants II and III the diameters of the rosettes were
measured.

In 2001 one phytocoenologic relevé of the stands with
P. arenarium has been carried out in Braun-Blanquet scale.
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A bionomical-ecological study performed from July to
September 2001 was aimed at the correlation between the
plants and insects. Insects occurring close to P. arenarium
were caught by hand, and from the plants flowers they were
removed with an exhauster. A soil sample from the roots
of the plants was taken in a way avoiding the disturbance
of the plants rhizosphere. The occurrence of larvae in the
stems was not studied.

The whole the biological investigation of P. arenar-
ium on Sandberg was based on a non-destructive attitude,
no individuals of this species were removed from the lo-
cality, and the plants were not disturbed in their develop-
ment. The nomenclature of idiotaxa was unified according
to MARHOLD & HINDAK (1998) and that of syntaxa accord-
ing to MORAVEC et al. (1995). The acronyms of herbarium
collections studied follow HOLMGREN et al. (1990). All the
mathematical elaborations were carried out in standardised
procedures (MILTON, 1992; MELOUN & MILITKY, 1994),
using the statistical programme STATISTICA (’99) [e.g.
Tukey honest significant difference (HSD) test].

Results and discussion

General distribution and variability

Peucedanum arenarium is considered as a Pontic-
Pannonian species, with a restricted occurrence in Eu-
rope. Its distribution area spreads among Slovakia, Al-
bania, and Ukraine. The main centre of its occurrence
is in the countries: Hungary, Bulgaria, Serbia, Roma-
nia (Transylvania, Black Sea coast and inland). In the
Slovak Republic only the south-east European P. are-
narium subsp. arenarium grows. The distribution area
of the nominate subspecies is identical with that of
the species as a whole, with the exception of Alba-
nia and the southern and western part of the former
Yugoslavia with only the subspecies neumayeri (Vis.)
STOJ. et STEFANOV present. The parallel occurrence of
both subspecies is recorded only in Bulgaria (mainly the
north-western part). They have the same chromosome
numer (2n = 22) as established by KuzMANOV et al.
(1977). Outside Europe the endemic subspecies subsp.
urbanit (FREYN et SINT. ex WOLFF) D. F. CHAMB.
from Turkey is given (CHAMBERLAIN, 1972), which
according to the cited author appears to be fairly close
to subsp. neumayeri. The subspecies arenarium differs
from both subspecies in its wider ultimate segment and
5—-14-rayed umbels. Based on material from Romania,
in P. arenarium two forms are recognized by TODOR
(1958) the form angustisectum (PRODAN) TODOR with
leaf segments of the last division up to 0.5 mm wide,
and f. latisectum TODOR with leaf segments of the last
division about 4 mm wide. The segments of plants from
the locality Sandberg (NNR Devinska Kobyla) were 2
mm wide in average. The infraspecific variability of P.
arenarium was not studied in detail in this work.

Distribution in Slovakia and in the Czech Republic
The species was recorded in three phytogeographic dis-
tricts: Zéhorska nizina Lowland, Devinska Kobyla, and
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Podunajska nizina Lowland.

Zahorskd nizina Lowland: Borsky Peter, Sokold
— Cerveny Kriz (DEGEN et al. 1923: 98; TAUBER,
1935 BRNM). — Borsky Mikulas (MIKES, 1938: 166).
— Sajdikove Humence (WEBER, 1930 PR). Devinska
Kobyla: Devin (SABRANSKY, 1891 BP; PTACOVSKY,
1928 SAV). — Sandberg (SABRANSKY, 1873 BRNM,
1888 PRC; FuTAK, 1945 SLO; FERAKOVA & MURIN,
1976; FERAKOVA, 1975 SLO). Podunajska nizina Low-
land: Bratislava (ESCHFALLER, s. d. PRC, BP). -
Cenkov — Muzla, Jursky chlm (KARPATIOVA et al.,
1961).

The occurrence on the localities Borsky Peter and
Sokold — Cerveny Kriz was revised, but without positive
result (VAGENKNECHT, 1993); the occurrence of the
species in the protected area Cenkov has not been con-
firmed for a long time (SVOBODOVA, 1988). The records
from Bratislava and Devin (former a separate village,
today a municipal part of Bratislava) are probably in-
accurately localised. The data from Devin were proba-
bly referred to Sandberg, Devinska Kobyla, a southern
slope above the vineyard FUTAK 1947 (SLO).

The locality Devinska Kobyla — Sandberg is the
historically oldest and best supported by evidence. In
the course of our revision, this species has been con-
firmed at four sites within the sandy slopes of Sandberg
(VAGENKNECHT, 1993; FERAKOVA & KOCIANOVA,
1997).

Peucedanum arenarium is ranked among protected
endangered species of the flora of Slovakia by the
Act of the National Council of the Slovak Republic
No. 543/2002 on nature and landscape conservation
and the corresponding Order No. 24/2003, it appears
in the Order No. 36/1993 of the Hungary, and it is
mentioned in the Red Lists of Slovakia and Romania)
(FERAKOVA et al., 2001; DIHORU & DIHORU, 1994). In
the Czech Republic, which was the westernmost part
of its distribution area, the species was found only
in South Moravia, in the phytogeographic subdivision
Dolnomoravsky tval, Rohatec locality. An undoubted
record represented by a herbarium sheet comes from
Stanék (STANEK, 1925 BRNM). It has never been con-
firmed since that time (GRULICH, 1997). At present this
species is considered as extinct in the Czech Republic
(FERAKOVA & GRULICH, 1999; PROCHAZKA, 2001).

Remarks on phytosociology
The phytocoenoses settling warm, dry, sandy, and
sunny habitats, are usually classified to the class Fes-
tucetea vaginatae SO0 1968 em. VICHEREK 1972, order
Festuco-Astragaletalia arenarii VICHEREK 1972, and
alliances: Koelerion glaucae VOLK. 1931 in the Sar-
mat region, Festucion beckerii VICHEREK 1972 in the
Pontic region, and Festucion vaginatae SO0 1940 in
the Pannonian region (MUCINA & MAGLOCKY, 1985;
MORAVEC et al., 1995; MUCINA et al., 1993).
MuciNA et KOLBEK (1993) classify psammo-
phytic thermophilous grassland communities to the
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Table 1. Phytosociological relevé from the locality Sandberg
(NNR) Devinska Kobyla.

orientation: SW

Slope gradient: 200

Elevation: cca 190 m above sea level
Area: 25 m?

Date: September 21, 2001

Cover: E = 85%

E1 (80%):

Festuca pallens 3, Sanguisorba minor subsp. polygama 3,
Peucedanum arenarium 2-3, Teucrium chamaedrys 2-3, Petror-
hagia saxifraga 2, Thymus praecox 2, Botriochloa ischaemum
1-2, Orthantha lutea 2, Achillea collina 2, c. f. Stellaria me-
dia juv. 2, Koeleria macrantha 1, Hypericum perforatum 1,
Artemisia campestris 1, Chondrilla juncea 1, Dorycnium ger-
manicum 1, Acetosella vulgaris 1, Verbascum lychnitis 1, Silene
otites ssp. hungarica 1, Tithymalus cyparissias 1, Poa bulbosa
ssp. vivipara +, Crataegus monogyna juv. +, Plantago lanceolata
ssp. sphaerostachya +, Acosta rhenana +, Hieracium sabaudum
+, Alyssum montanum subsp.gmelinii +, Linaria genistifolia
+, Astragalus onobrychis 4+, Eryngium campestre +, Chamae-
cytisus austriacus +, Stipa capillata +, Allium flavum +, Aspe-
rula cynanchica +, Erysimum diffusum +, Crinitaria linosyris
+, Orobanche alba r, Jurinea mollis r

Eo (max.10%):

Ceratodon purpureus 2, Tortula ruralis +,

class Festuco-Brometea BR.-BL. et R. TX. ex KLIKA
et HADAC 1944, the order Festucetalia vaginatae SO0
1957, and the alliance Festucion vaginatae SO0 1940.
They consider the order Festuco-Astragaletalia arenarii
described by VICHEREK to be a synonym of the order
Festucetalia vaginatae. The transfer of the above men-
tioned order to the higher syntaxonomic unit was car-
ried out on the basis of the floristic composition of the
corresponding phytocoenoses.

Peucedanum arenarium is considered as an im-
portant species of the alliances Festucion wvaginatae
So6 1940, Festucion wvalesiacae KLIKA 1931, and
Danthonio-Stipion SO0 1947 (DOSTAL, 1989), commu-
nities of alliances Dicrano-Pinion LIBBERT 1933, Quer-
cion pubescenti-petraeae BR.-BL. 1931. It is observed
in Geranion sanguinei R. TX. in TH. MULLER 1961
(GRULICH, 1997), and in the communities of light pine
and oak forests with Festuca dominii (HLAVACEK et al.,
1984). On the last site of this species in Slovakia outside
Sandberg, the community was classified to the associa-
tion Junipero-Populetum albae festucetosum vaginatae
ZoLyoMI ap. SO0 1957 (KARPATIOVA et al., 1961).
Peucedanum arenarium was present in only one relevé
with + value.

The classification of the thermophilous grass-
land community on Sandberg, in which Peuceda-
num arenarium is relatively abundant, is not un-
ambiguous (Tab. 1). The community includes a lot
of diagnostic species of the class Festuco-Brometea:
Festuca pallens, Alyssum montanum subsp. gmelinii,
Asperula cynanchica, Crinitaria linosyris, Teucrium
chamaedrys, Thymus praecox, Stipa capillata, Eryn-
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Table 2. Selected morphometric characteristics of the Peucedanum arenarium species on the locality Sandberg (NNR Devinska Kobyla).

II — a small sterile plant, III — a big sterile plant.

No. Mean Median  Minimum Maximum Std.Dev.
Sterile plant Number of leaves of lyear-old seedling 12 1.25 1.00 1.00 2.00 0.45
Number of leaves of plant II 50 1.84 2.00 1.00 4.00 0.71
Number of leaves of plant III 94 3.09 3.00 1.00 6.00 0.95
Rosette diameter of plant II (cm) 8 17.63 16.50 13.00 23.00 3.38
Rosette diameter of plant III (cm) 94 39.50 37.50 20.00 80.00 11.52
Fertile plant Number of leaves in rosette 224 3.63 4.00 1.00 6.00 0.74
Rosette diameter (cm) 223 49.21 50.00 18.00 95.00 13.21
Plant height (cm) 233 82.90 79.00 18.00 168.00 28.95
Number of inflorescences per plant (compound umbels) 231 25.28 21.00 3.00 116.00 16.11
Number of secondary umbels in terminal inflorescence 226 10.50 10.00 1.00 29.00 4.21
Number of flowers in umbels of terminal inflorescence 202 16.15 16.40 8.50 22.44 3.52
Hypothetical number of seeds per plant 202 8419.32 6187.13 1536.00 39270.40 5418.83
Fruit length (mm) 410 6.63 6.65 4.00 9.20 0.93
Fruit width (mm) 410 3.84 3.90 2.10 5.90 0.74
Mericarp weight (mg) 2329 6.19 6.37 2.00 15.12 2.57

gium campestre, Tithymalus cyparissias, Hypericum
perforatum, Koeleria macrantha, Linaria genistifolia,
Artemisia campestris, Allium flavum and others. On
the contrary, from the species, that are typical for the
class Festucetea vaginatae, the order Festucetalia vagi-
natae, or the alliance Festucion vaginatae, in the per-
manent square only Peucedanum arenarium has been
found, and outside the area rarely the protected Gyp-
sophila paniculata. On the square also the species Fes-
tuca pallens, Sanguisorba minor subsp. polygama, and
Teucrium chamaedrys, which prefer the rocky sites to
the sandy ones occur. Therefore, on the basis of the
only one phytosociological relevé and contemporary lit-
erature knowledge, it is not possible to classify the
vegetation with Peucedanum arenarium on Sandberg
into the known syntaxonomic units. Though, based on
the floristic structure, the vegetation is the most close
to the communities of the alliance Festucion valesia-
cae KLIKA 1931. Except of the taxa of vascular plants
shown in Table 1, there occur also other accompany-
ing species: Crepis foetida subsp. rhoeadifolia, Cyn-
odon dactylon, Minuartia glaucina, Peucedanum ore-
oselinum, and Tithymalus seguierianus subsp. minor
(FERAKOVA & GRULICH, 1999). The following mosses,
lichens, and fungi were found: Brachythecium albicans,
Tortula intermedia, T. tortuosa, Geastrum schmidelii,
Lentinus tigrinus, Marasmius oreades, Uromyces pisi,
Cladonia fimbriata, Fungensia fungens (SERA et al.,
2000), Lycoperdon perlatum, and Tulostoma brumale
(RIPKOVA, 2001, in litt.).

Morphology and life cycle
The results of the morphometric measurements of the
observed species (Tab. 2) correlate with the data from
floras (DosTAL, 1950, 1989; HLAVACEK et al., 1984;
GRULICH 1997), and show a relatively low variability
(except of the number of produced mericarps).

It was possible to distinguish three age stages of
the sterile plants (Fig. 1). There is a probability that
the number of leaves in the rosette rises by one leaf

Fig. 1. Sterile growth phases of Peucedanum arenarium WALDST.
et K1T. I one year old seedling, IT small sterile plant — usually with
two leaves, III sterile plant — usually with three leaves, one year
before flowering.

per year. A seedling in the first year of its life has one
real leaf, a small sterile plant two, a big sterile plant
three, and a fertile plant has four leaves (Tab. 2). The
life cycle is probably four-years long. This is probably
a new information as the length of life was mentioned
neither in the quoted floras from the region of former
Czechoslovakia, or Yugoslavia, nor from Hungary, Bul-
garia, Serbia, and Romania.

Reproductive strategy

In the last year of its life, a monocarpic perennial comes
to flower, and produces fruits. A big number of pro-
duced mericarps ,compensates“ the preceding sterile
years (FENNER, 1985). The reproductive capacity of the
species P. arenarium of 202 fertile plants growing out-
side the permanent plot, was assessed at 8,419+ 5,419
(mean + SD) mericarps per plant. This number is hy-
pothetical and expresses the maximum number of meri-
carps that can be produced by one fertile plant per year.
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Table 3. Parametric analyses variance with multiple comparison
among mericarp weight, which derivable from fruit terminal inflo-
rescence (periphery, insite) and terminal inflorescence of lateral
branches (periphery, insite) for Peucedanum arenarium. Tukey
HSD test, data logarithmic calculation, significant differences are
displayed in bold, P < 0.001.

TP
Terminal Periphery TP  1.000 TI
Insite TI ~ 0.848 1.000 LP
Lateral Periphery LP 0.001 0.000 1.000 LI
Insite LI 0.854  0.997 0.009 1.000

In case of P. arenarium it is the number of mericarps for
the whole life, as the species is monocarpic. The num-
ber of mericarps is generally considered very variable
(e.g. SALISBURY, 1942).

The weight of mericarps of this species is also very
variable (Tab. 2); the more light mericarps were prob-
ably insufficiently developed. A significant difference
(F = 5.508, P < 0.001) was found in the average
weight of mericarps of differently situated compound
inflorescences (terminal inflorescences vs. end inflores-
cences of the minor branch), and also within one inflo-
rescence (inner secondary umbels vs. outer ones). The
heaviest mericarps were produced on the circumference
of the terminal inflorescence of the minor branch (ca
6 mg). They contained vital seeds, and differed signifi-
cantly from the weights of differently situated mericarps
(Tab. 3). Mericarps from inner parts of the compound
umbels were usually dead. This fact is probably con-
nected with centripetal blooming of a compound um-
bel; the outer fruits maturing sooner. The sizes and
maturity of mericarps in the fruit were all the same.

The seed material for germination experiment was
collected at the site Sandberg always in September and
October P. arenarium is luxuriantly fertile here. Since
the end of October the dry stems bearing fruits break
off, they are driven by wind (anemochory), and the
fruits are gradually loosened. The mericarp germination
was examined in the laboratory under various temper-
ature conditions: after chilling, and after scarification.
The abundance and speed of germination slightly in-
creases after the scarification, which is similar as chill-
ing generally recommended by e.g. HENDRY & GRIME
(1993). Due to the very low percentage of germinating
seeds (about 2%) no statistical evaluation was made.
With regard to immaturity of embryos, the mericarps
of the Apiaceae family germinate in only a narrow inter-
val of temperatures (e.g. Heracleum mantegazzianum —
LHOTSKA et al., 1987). Some pathogens and predators
may be important factors for the production of viable
mericarps and seed germination in the natural condi-
tions. Further observations both in field and experimen-
tal conditions are necessary; e.g. the fruits often become
attacked by mildew (BACIGALOVA & ZLOCHOVA, 2002,
in litt.).
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Table 4. Insects found on the plants of Peucedanum arenarium
at the locality Sandberg (NNR Devinska Kobyla) in 2001.

Heteroptera: Tingis clavicorne (k), Copium teucrii (k), Rhinoco-
ris iracundus (k), Piesma quadrata (k), Peritrechus geniculatus
(k), Megalonotus chiragra (r),Graphosoma lineatum (k,s), Scio-
coris cursitans (k), Holcostethus vernalis (k).
Auchenorrhyncha: Philaenus spumarius (S).

Coleoptera: Eusphalerum longipenne (k), Anthophagus caraboi-
des (k), Chaetopteroplia segetum (k), Cetonia aurata (k), Cidno-
pus pilosus (k, s), Rhagonycha fulva (k), Dermestes frischi
(k), Anthrenus pimpinellae (k), Anthrenus verbasci (k), Tri-
chodes apiarius (k), Celidus fasciatus (k), Meligethes aeneus (k),
Olibrus aeneus (k), Phalacrus corruscus (k), Stilbus testaceus
(k), Scymnus rubromaculatus (k),Propylea quatuordecimpunc-
tata (k), Psyllobora vigintiduopunctata (k), Tomozia bucephala
(k), Variimorda mendaz (k), Mordella aculeata (k), Mordellis-
tena brevicauda (k), Morrdelochroa abdominalis (k), Oedemera
podagrariae (k), Anthicus antherinus (k), Gonodera luperus (k),
Isomira antennata (k), Podonta nigrita (k), Stenopterus flavicor-
nis (k), Molorchus minor (k), Chlorophorus varius (k, s), Clytus
arietis (k), Pachytodes cerambyciformis (k), Dorcadion ful-
vum (r),Dorcadion aethiops (r),Phytoecia cylindrica (s), Oulema
gallaeciana (k), Gynandrophthalma affinis (k), Coptocephala
rubicunda (k), Cryptocephalus sericeus (k), Cryptocephalus
hypochoeridis (k), Timarcha goettingensis (r), Chrysolina sturmi
(r),Chaetocnema concinna (k), Cassida nebulosa (s), Sperme-
ophagus sericeus (k), Otiorhynchus raucus (r),Simo variega-
tus (r),Omias globulus (r),Trachyphloeus alternans (r),Trachy-
phloeus bifoveolatus (r),Trachyphloeus parallelus (r),Eusomus
ovulum (s), Sciaphilus asperatus (r),Ceutorhynchus floralis (k),
Ceutorhynchus obstrictus (k).

Hymenoptera: Formica pratensis (s, k), Priocnemis sulci (k),
Priocnemis parvula (k), Arachnospila trivialis (k), Evagetes sub-
nudus (k), Chrysis ignita (k), Chrysis cyanea (k), Chrysis iris
(k), Chrysis gracilima (k), Omalus auratus (k), Cleptes splen-
dens (k), Holopyga imflamata (k), Hedychridium lampadum (k),
Tiphia femorata (k), Polystes gallicus (k).

Diptera: Cheilosia ilustrata (k), Epistrophe bifasciata (k), Chry-
sotozum bicinctum (k), Graphomyia maculata (k), Rhodogyne
rotundatum (k).

Note: the species were found on flowers and fruits (k), stems and
leaves (s), and at the roots (r).

Relationship to insects (visitors and pollinators)

In various stages of development 86 species of 5 orders
of insects were found on the plants. Out of this num-
ber, 70 species were recorded on the flowers, 8 species
on the stems and leaves, and 12 species in the rhizo-
sphere (Tab. 4). Species of mainly Curculionidae fam-
ily (7 species) were found associated with the roots.
Regarding the fact that some species are polyphagous
(Otiorhynchus raucus, Sciaphilus asperatus), their feed-
ing on the roots of P. arenarium is probable. Unfortu-
nately it was not possible to show a direct relation be-
tween the damage of the root system and these species.
For the sucking species of cicadas (Philaenus spumar-
ius) parasiting on the stems and leaves it is not possible
to exclude the transfer of virus diseases. On the shoots
of P. arenarium the species Phytorcia cylindrica was
found. The development of the larvae of this species
is possible inside the stalks of the plant, with regard
to their occurrence on species of other genera of the
Apiaceae family (e.g. Chaerophyllum, Anthriscus, Her-



22

acleum, Bupleurum, Daucus). Larvae of this species
were not identified from the stalks, but there were
mining pupas found in the winter season. The ma-
jority of insect species were found on the flowers and
partly on past flowering inflorescences. Fructophagous
species (feeding on mericarps) of the Heteroptera order:
Tingis clavicorne, Copium teucrii and Graphosoma lin-
eatum were dominant. Generally, these species prefer-
ably suck on fruits. The majority of other species were
polinophagous (feeding on pollen); mainly the repre-
sentatives of the order Coleoptera: Rhagonycha fulva,
Coptocephala rubicunda. For the majority of these indi-
viduals, the transfer of pollen from one plant to another
one can be expected.

A specific group comprised zoophagous species
that occasionally feed on nectar. This group includes
mainly the family Chrysididae, that favour flowers of
the Apiaceae family. On the inflorescences of P. are-
narium the occurrence of the following genera was
recorded: Priocnemis, Arachnospila, Evagetes, Chrysis,
Omalus, Cleptes, Holopygia, and Hedychridium. Tiphia
femorata, feeding on flowers, was a dominating species.
Fauna of the soil insects at the locality Devinska Kobyla
was treated in detail by KORBEL et al. (1997).
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So far published volumes of Flora Nordica are part of a large
and ambitious project covering all wild-occurring vascular
plants of Northern Europe (“Norden”) including Denmark,
Faroes Islands, Finland, Iceland, Norway, Sweden and arctic
islands (Bear Island, island of Jan Mayen and Svalbard).
The General volume, published as the third one in or-
der, deals with several general topics. In the chapter Flora
written in Norden you find interesting information on his-
torical background: firsts herbals and forerunners, Carl Lin-
naeus, first floras in each particular country / region, im-
portant taxonomic and phytogeographical studies. Among
many outstanding people studied the Norden flora from
many aspects (geography, ecology, taxonomy) you would
find the name of famous Czech botanist and ecologist, EMIL
HADAC (1914-2003). He carried out his pioneer works on
flora and vegetation of SW Iceland and Svalbard in 1930s
and 1940s and he was the first who introduced the method
of Ziirrich-Montpellier phytosociological school into the Arc-

tic. Concerning the name of HADAC, there is one minor mis-
take. An incorrectly included text “Franziskov Lazne” is in
the Index of personal names (pp. 34-36) after HADAC's sur-
name. It is not a part of his name, nor a place of birth. But
the fact is that HADAC was a director of the State institute
for peloids research in the city of Frantiskovy Lazné, Czech
Republic from 1948-1953 (cf. REJMANEK et al. 2004).
Second chapter is the general overview of environmen-
tal and vegetation features of Norden (climate, bedrock,
calcareous sites, seashores, inland water biotopes, mires,
forests, mountain and alpine vegetation, floristic elements,
regional zonation). A good attention is paid to the ma-
jor phenomenon influencing the present state distribution
of vascular plant flora in Fennoscandia — the Pleistocene
glaciation. A special part is devoted to men’s impact on
variety of biotopes (peat lands, forests, etc.), introduction
of alien plants and genetic contamination. Surveys of plant
protection within each country are briefly included in the
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following chapter. The focus is on the species protection,
while the habitat preservation is discussed in lesser extent.
Some important legislation sources, red lists, red books, and
interestingly the data on some non-governmental organisa-
tions are also given. Only the last ca 10000 years in Norden
was favourable for vegetation development. In this respect,
the flora of this region is very young which is documented
by very low level of endemism (in the chapter named En-
demic vascular plants in Norden). Just 2 taxa at species
level are considered as good examples of highly distinct,
non-hybrid endemic taxa (Euprasia bottnica and Puccinelia
finmarchica). Most part of listed taxa belong to the lower
ranks (subspecies, or even variety), or to the agamosper-
mic groups (e.g. Alchemilla, Potentilla, Sorbus, the largest
groups like Hieracium, Ranunculus auricomus agg., Tarax-
acum were excluded). Surprisingly, some hybrids of recent
origin are also evaluated as endemic, which is more excep-
tion than a rule in recent national floras or checklists. In
following chapter (Principles and conventions) main princi-
ples used in special taxonomic volumes 1 and 2 are briefly
described and explicated. An outline of recent standard lit-
erature (checklists, floras, field keys, maps, chromosome at-
las) used in each particular country / region, and detailed
account on Nordic herbaria (altogether 40 public herbar-
ium collections) are given in separate parts. As a rule in
modern flora, the botanical terms with short definition, and
the equivalents in the Nordic languages are added also. In
the whole book there is high number of well-prepared maps
and high quality black-white or colour photographs which
makes the general volume very illustrative. The general vol-
ume as well as the special volumes 1 and 2 are concluded
by comprehensive list of cited literature.

Two special volumes published up to now covers ca 800
species belonging to 52 families. All wild occurring taxa, as
well as the most important cultivated plants (in agricul-
ture, forestry or as ornamental plants) are included. The
strictly dichotomous keys for genera and species based on
main diagnostic characters are applied. The most important
information is linked with species entries. The nomenclature
contains the accepted name, basionym with a direct refer-
ence to the place of original publication, synonyms used in
different Nordic floras, common vernacular names used in
focused countries / regions. The information on type mate-
rial originated from Norden is very valuable: an indication

P. Mraz

of herbarium, herbarium number and the exact publication
of the place of selected type are given. In the case of ex-
tra Nordic material, the name of a country from where the
taxon was described is usually included. After the nomen-
clatural part, a description necessary for accurate identifica-
tion with the indication of life form according to Raunikiaer
and flowering / sporulation time follows. The chromosome
numbers based on Nordic plant material are given with the
code of country and province and the counts made on extra
Nordic material are given in brackets. Distribution (both
in Norden and general) is shown in the text part and for
many taxa illustrative dot maps (status and occurrence)
are displayed in 88 Nordic provinces also. Further impor-
tant notes concern the habitat preferences and variation,
and if necessary the biology, taxonomy, hybridisation and
hybrids are discussed also. It should be stressed that the
information in above-mentioned characteristics is usually
very detailed with many peculiarities, opening new views,
hypothesis, stimulating discussion. Where it is useful, the
descriptions are supplemented by high quality black-white
drawings. In some cases the plant parts carrying impor-
tant diagnostic characters are presented in photos, e.g. from
scanning electron microscopy: spores — Cystopteris or seed
of selected Chenopodium, Montia and Stellaria taxa.

Editor in chief, BENGT JONSELL, editorial committee
representing by prominent botanists from relevant coun-
tries, national advisors, editorial staff, authors and illustra-
tors contributed much to the exceptional scientific quality
of presented volumes. In my opinion, the so far published
part of Flora Nordica, is one of the top European books in
flora considering the amount and quality of information and
the quality of formal presentation, which is all in English.
Because the long term Flora Nordica project is planned in
14 volumes (!), I wish all the best for the editor and all
the people who will contribute in various ways to the next
volumes, to complete the Flora Nordica as soon as possible
and ... to have enough financial sources. It is not so easy
in present, because the botanists are pushed to publish the
results of their research in impact journals and monographic
works like floras seem to be a marginal product. However,
the floras, field keys or checklists at various levels (regional,
national, supranational) have their own stable and not al-
ternative position in documenting biodiversity as any other
type of work.



