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Abstract

The research on morphology and dimensions of the skulls of recent brown bear (Ursus arctos Linnaeus,
1758) showed the morphological and metric variability between intraspecific populations as well as the
determination of sexual dimorphism. For the purpose of this study were analyzed 18 recent skulls from
the territory of the Republic of North Macedonia and 1 recent skull of the territory of the Republic of
Bulgaria. Up to date, published records indicated that the size of the bears from southern part of Europe
were smaller, compared to the species of other parts of Europe. For this purpose, were analyzed the
bones of the skull and was made the complete description of dentation. The sexual dimorphism accord-
ing to the morphometry of ectoorbital bone and canines, were studied and confirmed too. Herein, is set
the hypothesis concerning the cannines differences between male and female individuals too. Further-
more, was determined that the studded brown bear population belongs to the typical Ursus arctos. In
future, the presented tables and forms will contribute to further studies to compare the skulls of bears
from Republic of North Macedonia, the Balkans and beyond.

Key words: Skull morphometry, Holocene bears, sex dimorphism.

Introduction

This paper consists part of results obtained in the
master thesis ,,Comparative morphometric characteris-
tics of cave bear (Ursus spelaeus Rosenmiiller, 1794)
and brown bears (Ursus arctos Linnaeus, 1758) of Mac-
edonia”. Herein, will point out only the results of met-
ric analysis of recent bears which are in correlation
with age and sex dimorphism. In general, Ursidae
family represent a small group of 8 species that are
classified according to arctoid characteristics and it is
believed that their evolution began 15-20 million years
ago (Thenius, 1959). Brown bears in south part of Eu-
rope origin from late Pleistocene (Spassov, 2003).

Concerning its species variability in the morphology
of the skull and teeth makes it difficult to compare the
description of the species, especially because of strong
relationship between canines (Kurten, 1953). The great
confusion in taxonomy of brown bear is mainly because
of intraspecific differences such as color of the fur,
form of the skull, form of the teeth and growth
(Erdbrink, 1953). This refers to the Balkan species as
well where Spassov (1990, 2003) and Spassov et al.

(2015) proved that many brown bears have a “golden”
coat color especially evident in females individual. It is
also noted that some activities concerning non-native
bear migration from different regions were evident in
the past, where brown bears from different habitats/
regions were introduced in new habitats (Misumachi et
al., 2020). Population of Balkan brown bears are frag-
mented, so the south line of bears is adapted on high
mountains (Spassov, 2003) and morphologically and
genetically differ from north-west European popula-
tions and are closer to its Mediterranean populations
(Taberlet et Bouvet, 1994; Misumachi et al., 2020).

The study of the skull
morphometry of the brown bear from Republic of

morphology and

North Macedonia and the Balkans in general are
important because recent genetic studies, show that
the southern European bear populations from the
Apennine to the Balkan Peninsula area, differs from the
population of more northern Europe (Misumachi et al.,
2020). In this respect, the manuscript in question is of
interest and provides some useful information, for
example on sexual dimorphism, which vary in the
different of brown bear

geographical groups
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(Baryshnikov et al. 2003). According to Baryshnikov et
al. (2003) sexual dimorphism is not so expressed in
canines at recent bears, raise the question to set the
following hypothesis: if their width is greater than 14
mm, it belongs to a male, i.e. if it is less than 13 mm it
is a female.

Bearing in mind all this features, the aim of this pa-
per is to provide information about anatomical differ-
ences in the skull and teeth which is in connection with
the sex dimorphism within Ursus arctos species from
Republic of North Macedonia and other brown bears
from Europe.

Material and methods

The research is based on the morphology and meas-
urement of the separate bones of the skull and teeth of
recent bears. Used measurement methods are accord-
ing to: Couturier (1954) and Von Den Driesch (1976).
The nomenclature of the elements of dentation are
according to the methods of Dufour (1989) and Barysh-
nikov et al. (2003, 2007). Methods and principles in
zoology as taxonomic procedure and steps in identifica-
tion used in this study are according to the recommen-
dations from Mayr et al. (1953). The taxonomy deter-
mination is according to Grey (1825 in Gromova, 1962).
Measurement was done with a shaft with an accuracy
of 0.02 mm, the results are rounded to 1 mm for values
greater than 50 mm and a tenth of a millimeter for val-
ues less than 50 mm. The performed analysis are based
on the research carried out on 18 brown bears Ursus
arctos skulls originating from various localities of
Republic of North Macedonia (stored at National
Museum of Natural History — Skopje and Faculty of
Forest Sciences - Skopje) and 1 found in a cave from
Mountain Pirin — Bulgaria (stored at National Museum
of Natural History — Sofia). Gained results are then
compared with species of the genus Ursus found across
Europe.

Results

The general features of the brown bear skulls, stud-
ied in this paper are listed in Tab. 1. Herein, the ob-
tained morphological similarities relevant for this study
are presented. The largest morphological differences
occur in the third upper incisor, which is well
developed at recent specimens. Greatest feature in the
teeth derives from the upper third premolars present

in all studied specimens in the form of a tooth or
alveolus, which indicates their presence. Tab. 2 con-
tains the metrical results of studied skulls. Further-
more, the analyzes of the obtained parameters (Tab. 2)
are compared according to recommendations by Ba-
ryshnikov et al. (2003) and Couturier (1954) and further
the main measured ratios are pointed out in the
Figs.1,2.

Table 1. Main characteristics of Ursus arctos. Abbre-

1,2,3,4
234 _ upper pre-

. . 1 2 . .
viations: I, I, - upper incisors ce; p
. 1 2
molars; C - canines; M~, M* - upper molars; Iy, I, I3 -
. . 1 2
lower incisors; Py,34 - lower premolars; M°, M~, M3 -

lower molars.

Ursus arctos

skull Completely developed

glabella Absent

It Mid developed

I” Mid developed

P Caniniform

Upper C Mid developed mesial furrow

[ present / primitivity

p* Paracon without ridges, placement of
deuterocon posterior without accessory
tubercles

m! 4 tubercles, poorly developed parastyl
and metastyl without accessory tuber-
cles

m? 4 tubercles without accessory tubercles,
the posterior field is not grooved

Lower Obliquely placed coronoid outgrowth

jaw

I, Mesial worn out

I, Mesial worn out

I3 Caniniform

Lower C Poorly developed anterior and posterior
boundary line of the surface

P13 present / primitivity

A Paraconid without secondary tubercles

M, Double lingual tubercles (metaconid and

entoconid) without secondary tubercles
central to the tooth

M, Double lingual tubercles (metaconid and
entoconid) without secondary tubercles
central to the tooth

M; Ovoid form with smooth surface

Cement Absent
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Table 2. Comparative cranial dimensions of brown bear (Ursus arctos) from Republic of North Macedonia. Used
abbreviations: TD — Total length — incisive to sagittal crest; EC — ectoorbital width; KD — Condylobasal length — incisive
to condyles occipitalis; BD — Basal length — incisive to foramen magnum; ZG — Zygomatic width.

—Ursus arctos (mm)

Specimen TD KD BD G EC $E / :g / _T_s / _IIE_;/ zg / g /
Mk 1 284 268 250 152 76 0.94 0.88 0.535 | 0.267 | 0.5 ®
Mk 15 322 314 294 184 92.5 0.97 0.91 0.554 | 0.287 [ 0502 | @
Mk 17 315 301 287 166 90 0.95 0.91 0.526 | 0.285 [ 0.542 | @
Mk 19 254 / / 186 99 / / / / 0532 | @
Mk 21 308 299 281 178 88 0.97 0.91 0.577 | 0.285 | 0.494 | @
Mk 23 252 246 229 143 62 0.97 0.9 0.567 | 0.246 | 0.433 | @
Mk 27 253 235 223 137 75 0.92 0.88 0.541 [ 0.296 | 0.547 | @
Mk 29 256 229 222 146 78 0.89 0.86 0.57 0.304 [ 0534 | @
Bg 35 321 303.5 286 188 92.5 0.94 0.89 0.585 | 0.288 | 0.492 | @
Mk 3 307 290 290 182 97.5 0.94 0.94 0.592 | 0.317 | 0.535 | @
Mk 5 290 278 262 167 91.5 0.95 0.9 0.575 | 0.315 | 0.547 | @
Mk 7 320 273 250 212 109 0.85 0.78 0.662 | 0.34 0.514 | @
Mk 9 332 330 308 206 114 0.99 0.92 0.62 0.343 | 0.553 | @/
Mk 11 357 334 313 219 111 0.93 0.87 0.613 | 0.31 0.506 | @
Mk 13 296 280 258 187 111 0.94 0.87 0.631 | 0.357 | 0.587 | @
Mk 20 260 / / 225 122 / / / / 0.542 | @
Mk 25 302 267 263 175 97 0.88 0.87 0.579 | 0.321 | 0.554 | @
Mk 31 380 335 321 232 126 0.88 0.84 0.552 | 0.331 | 0.543 | @
Mk 33 357 321 301 210 128 0.89 0.84 0.588 | 0.358 | 0.609 | @
SD 39.1 36.4 325 28.2 204 / / / / / /
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According to the ratio of the width of the EC/TD (Tab. 2) for determining the sexual dimorphism as the maximum
value is 0.304 mm with a ratio in the range of 0.25 - 0.30 mm for female individuals of the species Ursus arctos (Fig.
1a). The ectoorbital/total length ratio (Tab. 2) for determining sexual dimorphism has a maximum value of 0.358 mm
with a range of 0.31 - 0.36 for male Ursus arctos (Fig. 1b). The ratio of zygomatic arches width/forehead width for
female Ursus arctos has a range of 0.42 - 0.54 mm (Fig. 1c) with a maximum value of 0.547 mm. The ratio ZG/EC for
male Ursus arctos has a range of 0.5 - 0.61 mm (Fig. 1d) with a maximum value of 0.609 mm.

EC/TD (mm) ZG/EC (mm)
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EC/TD {mm) ZG/EC (mm)
037 07
036
035 o8 ,,__.\_'/o\/\.——J
034 05
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03 02
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028 o
b) me33d mes3d me73 mxod me11d mxi3d me2s S me31d me3sd d) Mx3d Mesd Mx7d Mxed Mx11d Mx13 3 Mx203 Mx2s § Mx313 Mx33 3

Figure 1. a) Correlation of ectoorbital width/total length (EC/TD) of female bears (Ursus arctos); b) Correlation
ectoorbital width/total length (EC/TD) at male bears; c) Correlation width of zygomatic arch/ectoorbital width (ZG/
EC) for female bears; d) Correlation zygomatic arch/ectoorbital width (ZG/EC) for male bears.

Table 3. Metrical results of mandibles of brown bear (Ursus arctos). Used abbreviations: RM — Length of lower
jaw Incisive to proc. angularis; Hma/Hmb — Height of lower jaw - under P, and M,; PMa — Length P, u Mj; DD — Dia-
stema C - P4; AC — Height of lower jaw - proc. angulare to proc. coronoideus; CPa - Length C—P4; CM - Length C - MZ;
CMa - Length C - M3; MC — Distance between mandibular condyles; CCb — External width C- C.

Ursus arctos (mm)

_ H | Hm ™M cc [AC/ |Ac/ | &/

Specimen RM PMa DD AC CPa MC

ma | b a b RM Hmb | @
MK 2 205 36 | 33 77 16 78 62 123 | 129 | 35 0.38 0423 | @
MK 16 232 42 | 40 77 33 90 73 140 | 160 | 43 0.387 | 0.444 | @
Mk 18 224 39 |35 86 19 89 69 141 | 144 | 43 0.397 | 0393 | @
MK 22 220 40 | 38 77 21 36 67 131 | O 0 0.163 | 1.055 | @
Mk 24 187 33 |31 71 17 80 51 115 | 123 | 37 0.427 | 0387 | @
MK 28 180 30 | 28 75 17 70 55 119 | 122 | 37 0.388 | 0.4 ®
Mk 30 190 36 | 33 79 19 74 58 126 | 126 | 42 0.389 | 0.445 | @
Bg 36 250 44 | 45 78,5 0 98 71 132 | 155 | 44 0.392 | 0459 | @
MK 26 208 37 | 35 69 25 87 67 129 | 142 | 39 0.418 | 0.402 | @/
MK 32 259 51 |51 72 35 116 81 143 | 184 | 55 0.447 | 0.439 | @
Mk 34 244 45 | 46 71 35 102 75 138 | 175 | 42 0.418 | 0.451 | @/
MK 4 208 36 | 35 72 0 86 65 127 | 147 | 36 0.413 | 0.406 | @
MK 6 207 41 | 41 70 26 86 66 128 | 134 | 37 0.415 | 0.476 | &/
MK 8 236 50 |51 82 18 117 76 147 | 168 | 45 0.495 | 0.435 | @
Mk 10 245 49 51 82 22 115 79 146 169 47 0.469 | 0.443 | ¢
MK 12 247 46 | 44 76 32 106 76 142 | 189 | 47 0.429 | 0.415 | @/
SD 239 |63 | 7.7 5.3 7.4 20 8.5 10 219 | 5.1 |/ / /
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In Tab. 3, are presented the rele-
vant measurements for comparative
analyzes. The calculated ratio AC/RM
(Tab. 3, Fig. 2) has a range of 0.38-0.5
abrupt drop of the curve in the lower
jaw Mk 22 which is a result of present
deformities in its development, which
was obvious before measuring.

The calculated ratio AC/Hmb
(Tab.3, Fig. 3) has a range of 0.4-0.55
mm. This sudden growth of the curve
of the lower jaw Mk 22 is a result of
present deformities in the develop-
ment of the jaw. The lower jaw of the
mandibulae Mk 32 (Tab. 3) has maxi-
mum values of all measured dimen-
sions, i.e. deviates from other meas-
urements for Ursus arctos. Sex dimor-
phism according to the ratios present-
ed in Tab. 3 coincides with the one
determined according to ratios in Tab.
2. Only the jaw Mk 24 has larger val-
ues.

AC/RM (mm)

06
05
0A
03

02

M2 Mx16 9 Mx18 O Mx22 9 Mx24 9 Mx28  Mx30 VBg36 ) Mxsd Mx6 Mx8d Mx10 I Mx12 I Mx14 M 26 M 32 S M 34

Figure 2. Correlation height of lower jaw - proc. angulare to proc.
Coronoideus/length of lower jaw Incisive to proc. Angularis (AC/RM).

AC/Hmb (mm)

038
06
04
02

o
Mx2 ) Mx16 9 Mx18 O Mx22 9 Mx24 O Mx28 Q Mx30 VBg36 ) Mxad Mx63 Mx8J Mx103 Mx12 3 Mx14 3 Mx26 S Mx32 S mx34 3

Figure 3. Correlation height of lower jaw - proc. angulare to proc.
Coronoideus/height of lower jaw - under M, (AC/Hmb).

Table. 4: Metrical results of the teeth at brown bear (Ursus arctos). Used abbreviations: C sup. — upper canines; P*

— fourth upper premolar; M* - first upper molar; M?>— second upper molar; L — length; W - Width.

Ursus arctos (mm)
Specime Csup. p m* m?

n L w L W L W L W
Mk 1 18.22 11.32 15.60 10.68 22.28 16.76 32.30 16.22
MK 3 17.06 14.40 14.06 9.98 21.68 14.80 31.00 16.44
Mk 5 21.40 14.38 16.46 11.72 22.40 16.70 31.72 16.48
Mk 7 29.20 17.12 16.60 13.88 22.42 16.88 35.10 18.58
MK 9 26.20 16.02 15.60 11.28 21.16 18.60 37.24 18.54
Mk 11 24.52 16,58 14.06 11.88 21.60 16.11 35.80 17.86
Mk 13 24.1 14.4 11.1 8.9 17.5 13.4 27.8 16.0
Mk 15 21.04 13.24 14.94 11.42 22.00 15.26 37.64 17.52
Mk 17 21.12 13.08 16.54 9.96 21.58 16.50 39.00 18.50
Mk 19 / / 15.44 10.58 21.52 15.05 32.86 16.96
Mk 20 / / / / 21.86 16.88 35.74 18.52
Mk 21 24.14 15.16 12.32 10.04 20.86 14.02 34.28 19.06
Mk 23 18.10 11.42 14.92 11.18 20.40 14.92 31.74 16.46
Mk 25 20.88 14.04 13.80 11.58 19.42 16.54 31.68 17.14
Mk 27 16.60 11.18 15.78 9.76 20.38 14.76 33.24 16.42
Mk 29 20.84 13.44 16.68 13.48 24.76 17.56 35.30 18.78
Mk 31 22.56 16.12 16.34 12.44 20.68 15.12 34.88 17.00
Mk 33 22.04 15.24 13.58 10.04 20.24 14.66 35.54 15.32
Bg35 19.54 12.48 15.08 12.44 22.32 12.62 21.68 10.18
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The measurements present in Tab. 4, were used to test the settled hypothesis for male and female units accord-
ing dimensions of upper canines. At the Tbls. 4 and 5 are listed measurements of upper and lower the teeth that will
potentially allow to further set the taxonomic status of the researched species.

Table 5. Metrical results of teeth of brown bear (Ursus arctos). Used abbreviations: C inf. — lower canines; P*—
fourth lower premolar; M* — first lower molar; M? — second lower molar; M? — third lower molar; L — length; W —
Width.

Ursus arctos (mm)

Speci Cinf. P, M, M, M;
men L W L W L W L W L W
Mk 2 / / / / / / / / / /

Mk 4 16.26 13.02 11.48 6.68 21.50 7.24 22.52 12.48 17.70 12.24

Mk 6 19.36 13.94 12.28 6.14 21.60 9.46 22.60 14.06 15.88 13.44

Mk 8 28.10 15.04 14.06 7.84 24.36 12.02 24.88 15.74 19.60 14.64

Mk 10 20.00 12.34 14.50 6.94 23.00 12.04 25.68 16.28 20.60 16.24

Mk 12 22.20 12.42 12.14 5.88 21.52 10.14 23/34 14.88 19.00 15.04

Mk 16 23.78 11.50 10.94 5.98 21.70 9.98 23.78 12.06 19.86 13.64

Mk 18 23.50 15.10 12.90 7.00 22.80 11.88 25.10 15.20 22.40 12.72

Mk 22 24.06 17.20 13.00 7.76 22.76 9.96 24.18 13.74 19.12 13.58

Mk 24 19.24 11.22 11.90 6.66 20.38 9.48 23.32 13.68 16.48 13.46

Mk 26 19.18 12.78 10.78 5.96 21.38 10.00 23.08 12.98 16.58 14.16

Mk 28 15.32 11.52 12.76 6.70 21.90 10.26 23.70 13.88 19.50 13.62

Mk 30 21.04 14.82 12.68 7.74 24.26 11.88 25.40 16.66 17.02 15.14

Mk 32 23.12 14.56 13.22 5.08 19.24 9.48 22.08 13.74 23.88 14.16

Mk 34 23.08 12.68 9.14 6.82 19.18 9.66 22.56 13.12 16.44 12.24

Bg 36 19.32 14.42 12.46 6.62 22.88 12.56 22.28 13.66 19.76 15.32

Table 6. Metrical results of skulls of brown bear (Ursus arctos). Used abbreviations: CC — Canine width; PA —
Width of palatinum between M%-M?% PM — Length P*-M?; CP - Length C-P* CM - Length C-M?; CCa - Internal width C-
C; Il — Length of incisive; FT/FV — Transversal and vertical width of foramen magnum; PP — Internal width P4—P4; ocC-
Distance of condyles occipitalis.

Ursus arctos (mm)

Specimen CcC PA PM CP CM CCa Il FV FT PP 0oC
Mk 1 56 39 69 57 111 31 37 20 34 38 63
Mk 3 62 42 62 60 111 36 36 / / 40 /

Mk 5 61 41 67 61 113 34 33 18 28 40 66
Mk 7 77 44 73 71 127 44 / / / 48 /

Mk 9 72 49 74 70 129 42 43 26 35 49 70
Mk 11 71 50 69 67 124 42 43 27 31 45 66
Mk 13 66 39 56 51 102 39 38 23 28 42 61
Mk 15 62 44 73 67 127 39 41 25 31 45 64
Mk 17 68 44 77 63 127 34 40 22 31 41 69
Mk 19 / 49 69 / / / / / / 47 /

Mk 20 / / / / / / / 26 34 / 71
Mk 21 63 42 74 64 119 36 40 19 33 41 61
Mk 23 57 37 64 51 105 33 37 18 30 34 58
Mk 25 63 41 65 61 115 37 37 28 31 40 /

Mk 27 57 37 68 51 105 35 36 19 31 33 60
Mk 29 67 42 74 55 114 35 36 / / 33 /

Mk 31 77 53 81 73 126 43 45 23 30 47 67
Mk 33 72 48 74 57 123 42 39 22 33 46 67
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Bg 35 69 43 71 61.5 122 40 41.5 21 31 43 65

SD 6.6 4.6 5.9 7.2 8.8 3.9 3.3 3.3 2.1 5 3.9

Table 7. Metrical results of skulls at brown bear (Ursus arctos). Used abbreviations: OO — Width of skull behind
orbits; EC — Ectoorbital width; SP — Height between foramen magnum to sagittal crest; OT — Width between of bulla
tympani; DN — Length of nasal bones; NN — Width of nasal bones.

Ursus arctos (mm)

Specimen 0]0) EC 00/ EC SP oT SP/OT DN NN g:::/ &/
Mk 1 63 76 0.82 70 74 0.945 82 26 0.317 ®
Mk 15 71 92.5 0.76 83 136 0.61 80 31 0.387 ®
Mk 17 65 90 0.72 81 133 0.609 87 36 0.413 ®
Mk 19 69 99 0.69 80 130 0.615 / / / ®
Mk 21 69 88 0.78 83 128 0.648 89 32 0.359 ®
Mk 23 65 62 1.04 66 110 0.6 65 29 0.446 ®
Mk 27 62 75 0.82 64 104 0.615 67 29 0.432 ®
Mk 29 70 78 0.89 84 115 0.73 71 22 0.309 @
Bg 35 82 92.5 0.88 95 140 0.678 87 32 0.367 ®
Mk 3 72 97.5 0.73 71 132 0.537 84 32 0.38 &
Mk 5 66 915 0.72 74 121 0.338 84 32 0.38 &
Mk 7 71 109 0.65 100 131 0.496 55 38 0.69 04
Mk 9 79 114 0.69 74 149 0.496 75 32 0.581 &
Mk 11 73 111 0.65 96 170 0.564 91 36 0.395 )
Mk 13 83 111 0.74 85 86 0.988 32 37 1.156 T
Mk 20 68 122 0.55 106 165 0.642 / / / &
Mk 25 72 97 0.74 79 129 0.612 72 31 0,430 &
Mk 31 84 126 0.66 100 181 0.552 99 41 0.414 )
Mk 33 74 128 0.57 91 180 0.505 65 40 0.615 )
SD 6.5 204 / 12.7 29.8 |/ 6.6 4.9 / /

Table 8. Comparative metric analysis of Ursus arctos from Europe. Used abbreviations: TD — total length; KD -
Condylobasal length; BD - Basal length; ZG — Zygomatic width; PA — Width of palatinum between MZ-MZ; OC - Dis-
tance of condyles occipitalis; EC — Ectoorbital width; CC — Canine width; RM — Length of lower jaw Incisive to proc.
Angularis; AC — Height of lower jaw - proc. angulare to proc. coronoideus; Hma— Height of lower jaw - under P,; CP -
Length C-P*; CPa - Length C—P,; PM — Length P*-M?% PMa — Length P, u M3; CM - Length C - M% CMa - Length C - Mj;
00 — Width of skull behind orbits; PP — Internal width P*-P*; CCa - Internal width C-C; Il — Length of incisive; FT/FV —
Transversal and vertical width of foramen magnum; DN — Length of nasal bones; NN — Width of nasal bones; MC —
Distance between mandibular condyles; CCb — External width C - C.
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Specimen N° 1 2 3 4 5
Measure- Ursus arctos L. Ursus arctos L., Ursus arctos L., Ursus arctos L., Ursus arctos L.,
ments From R. of N. | Couturier, (1954) Martino, (1939) - Heptner et al., Ruskov and Mar-
(mm) Macedonia - France Serbia (1967) - USSR kov (1974) - Bul-
garia
D 252-380 141-351 / S m 277-350
275-397 f
KD 235-335 131-324 270 201418 m 269-330
258-373 f
BD 222-321 119-304 / / 252-310
ZG 143-232 87-217 179 175277 m 166-214
147-217 f
PA 37-53 30-52
ocC 58-70 34-68
EC 62-126 33-79
CC 56-77 37-78
RM 180-250 91-233 194 189-237
AC 36-117 /
Hma 21-58 18-48
cp 51-73 13-40
CPa 51-81 14-39
pt- M 72-101 81-95
Pi- M; 97-121 96-114
PM 63-78 62-72
PMa 67-86 69-82
M 105-129 96-120
CMa 115-147 109-138
00 62-84 64-70 61-72
PP 33-49 31-51
CCa 31-43 26-43
FV 18-28 16-24
FT 28-35 23-34
NN 22-41 19-37 88
MC 123-189 81-180
I 33-45 23-46
DN 55-100 35-91 66-85
CCb 36-55 25-45

In Tabls. 6, 7 and 8 are presented measurements used for the comparative metric analysis of Ursus arctos from
Republic of North Macedonia and Europe. Herein, is evident that the specimen number 4 has the largest dimensions,
while specimen used in this study (specimen 1) has second larger dimensions and all the rest specimens 2, 3 and 5
has lower dimensions than our analyzed one.
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Discussion

Morphologic features of the Ursus arctos

In the research itself, as part of the considered
problem, the study of the morphology and dimensions
of the teeth was imposed, which showed certain
anatomical and phylogenetic characteristics of the
species.

When analyzing the results of the skulls of the
recent brown bear, we can conclude that a similar
morphology has been recorded, especially in the wide-
open zygomatic arcs and the presence of premolars as
characteristics of the species Ursus arctos (Tab. 1).

Presence of P**3

at examined skulls is a primitive fea-
ture, typical for the species. Baryshnikov et al. (2004)
concluded that U. arctos has a number of archaic fea-
tures which are closer to its ancestor. Deviations in the
description, differences in the appearance and size of
the skulls are related to sexual dimorphism, individual
age and evolutionary development of bears indicate on
clear heterogeneity in the skull size and cheek teeth
dimensions (Baryshnikov et al., 2004a).

It is characteristic to amplify that there are
dimensions that overlap in the examined specimens.
From the measured values of the respective quantities
and the calculated values for the standard deviation it
can be concluded that it is small, but important to say
that the measured values are close to the average val-
ue of the measurement (Tab. 2). Herein, it is evident
that there are three skulls (Mk 23, Mk 27 and Mk 29)
that make an outlier, i.e. significantly affect the
calculations. As a conclusion about this skulls, we can
say that they belong to younger individuals.

Sexual dimorphism of Ursus arctos

The sexual dimorphism is important from the as-
pect that its study can determine the sex of the studied
individuals, which indicates a certain percentage or
dominance within a population. The measured
differences in the dimensions of certain skulls are result
of the present sexual dimorphism in this family, so that
the size values of a number of metric features are larg-
er in the male individuals (Cregut et al., 2001). In the
past and until last decade, determination of sexual
dimorphism is based on external appearance such as
development of ridges and measurements of the skull
(Farkash et al., 2009). Also, the sexual dimorphism at

examined units can be determinate according to
development and metric size of the forehead
(ectoorbital bone) (Spassov, pers. comm.). Obtained
(EC/TD and ZG/EC)
determination of sex with the studied

correlations enable the
recent
individuals (Fig. 1).The growth of the curve is due to the
fact that males have a higher ratio than females.

The results showed that out of the total 19
examined skulls, 10 belong to male, and 9 belong to
female bears (Tbls. 2, 3). The finding of sexual
dimorphism was also, confirmed by calculated ratios of
the dimensions showed in Tab. 2. The ratios presented
in graphs allow easier observation of the differences in
dimensions between males and females of the species
Ursus arctos.

Using the methods by Kurten (1955) and
Baryshnikov et al. (2003, 2010) to determine sexual
dimorphism at cave bears according to different
dimensions of canines, the researched dimensions from
the recent bears in the study for the upper canine
enabled the establishment of the reported hypothesis
for sex differentiation in the researched subjects.

When
determining the sexual dimorphism according to the

comparing the obtained results for
dimensions of the canines in recent species, the
following hypothesis was taken into consideration: if
their width is greater than 14 mm, it belongs to a male,
i.e. if it is less than 13 mm it is a female. The obtained
results (Tab. 4) showed that 9 individuals were males
and 8 females, which confirmed the hypothesis with
89% accuracy, since two skulls (Mk 19 and Mk 20) lack
the front parts of the skull. For now, this statement will
remain at the level of a hypothesis, since for its
complete confirmation it is necessary to process at
least 30 skulls.

Taxonomic status of researched species

This study also made it possible to determine the
taxonomic status of the species, i.e. whether the bears
living in the Republic of North Macedonia belongs to
the typical Ursus arctos arctos and by what
characteristics it differs from the other populations of
brown bears living in Europe. According to Barishnikov
(2007) and Mizumachi et al. (2020) brown bears from
North West Europe and Balkan belong to typical Ursus
arctos arctos, but the Balkan bears are very close to the
South European population (especially to the Italian
one) and differ from the bears from Central and North-
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ern Europe. Mizumachi et al. (2020) amplify on the
possibility that the Balkan Peninsula (Bulgaria) act as a
corridor for coexisting of 2 clades.

For determining the examined species and whether
belongs to the typical Ursus arctos arctos, was used the
key of Gray (1825, in Gromova 1962), which is based on
the morphology of the skull and the dimensions of the
teeth. The expressed percentage of some findings is
less than 100% due to small deviations in dimensions or
the absence of the corresponding element in the units:
(1) The profile of the skull is slightly concave, weakly
expressed glabella which is 100% confirmed; (2) Nose
opening is round with frame width and height 100%
confirmed; (3) P* short without parastyl, confirmed
with 90% accuracy; (4) M' is longer than its width
confirmed with 100% accuracy; (5) M? is longer twice
than its width confirmed with 90% accuracy; (6) The
length of M? is less or not much less than P* + M" - the
accuracy is 89%; (7) P, - the gable is narrow, its width
not much more than half of the length - accuracy of
100%; (8) M; length almost similar to M, - 89%
accuracy; (9) M3 almost two times longer than P, -
accuracy of 85%. The obtained results (Tbls. 1, 4, 5) for
now confirm that the examined recent skulls belong to
the typical Ursus arctos arctos. Metric results helped to
determine the taxonomic status of the species and
whether it belonged to the typical Ursus arctos arctos,
using Gromova's (1962) determinant based on the
morphology of the skull and the dimensions of the
teeth.

Comparative results with other European studies
of the recent bear (Ursus arctos)

When processing the results of the comparative
analysis shown in Tabls. 6, 7 and 8 it can be concluded
that the skulls from Republic of North Macedonia have
larger dimensions compared to those from the Pyre-
nees (Couturier, 1954), and those researched from
Martino (1939) from the Rugovski mountains and by
Ruskov and Markov (1974) from Bulgaria. According to
Heptner at al. (1967) bears in the territory of the for-
mer SSSR are the largest. On the other hand, differ-
ences can also be seen in proportions of the skulls at
specimens which belong to Southern group of bears
which in general are smaller than bears from former
SSSR (Baryshnikov et al. 2004). From the results pre-
sent in Tab. 8 it is noted that bears from territory of

Republic of North Macedonia has decreased in skull
size as indicated by Baryshnikov et al. (2004).

Conclusions

In summary, within this paper was concluded that
male bears are with larger dimensions of the sculls in
general. Observed sex dimorphism of the recent
species was determined by the development of the
ectorbital bone showed that out of a total of 19
examined skulls, 10 belong to male and 9 to female,
respectively. The hypothesis for determining the sex
dimorphism according to the dimensions of the canine
teeth in recent bear has been confirmed with 89%
accuracy, but due to insufficient number of researched
units, the conclusion remains at the level of a
hypothesis at the moment.

Determination of the taxonomic status of the
recent brown bears compared with bears from North
West Europe and Balkan belongs to typical Ursus arctos
arctos. Being assumed that within the newest genetic
studies from the territory of Bulgaria, act as a corridor
were was confirmed that 2 bear clades coexist, we do
not exclude the possibility that and in the territory of
Republic of North Macedonia this could be a case. So,
in further studies is highly recommend further research
besides morphology features and the genetics too. The
measured dimensions of bears in this research will
make easier to see the differences in size, and that the
geographical distribution and type of available food
influence the development of Ursus arctos.

The analyzed material is relevant to study the mor-
phological value of the skull features of Ursus arctos
and to determine the metric variability, providing an
opportunity to further compare the species of Ursidae
family, amplifying on importance for certain findings
from individual teeth morphology.
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Abstract

In the present paper, one new and four rare species of the genus Orobanche, in the flora of the Republic
of North Macedonia, are presented. O. flava is a new species, the other that are rare, are with only one
(0. pubescens, O. hederae) or two literature data (O. serbica). There are also two literature data for O.
cumana, but one is with certain location while the other is just a name on a list of weeds with major eco-
nomic impact on agriculture in the Republic of Macedonia. Descriptions of the plants from the alleged
locations are given. Photos of all species are also taken. Literature and new data are given in the distribu-

tion maps.

Key words: Orobanche, flora, host plant, Republic of North Macedonia.

Introduction

The genus Orobanche (incl. Phelipanche Pomel) is
the largest genus of the family Orobanchaceae with
150 (Kreutz, 1995) to 170 species (Uhlich & al., 1995).
The most of the Broomrape taxa grow in the temperate
and warm regions of Europe, in some parts of western
and eastern Asia and in northern Africa (Kreuz, 1995).
In Europe, the Mediterranean countries are the richest
with Orobanche taxa. Some of the species of this ge-
nus, encountered in America, eastern Africa, Australia
and New Zealand, are supposed to be introduced by
human activities (Kreutz, 1995).

The genus Orobanche consists of only obligate root
parasites. The lack of chlorophyll and well-developed
root system made the species of this genus completely
dependent on water and nutrients of the host plants.
Instead of root, a system of haustoria is developed.

The holoparasitic way of life, that led Orobanche
taxa to lack or strong reduction of leaves and absence
of roots, accompanied with intraspecific variation of
corolla’s color and corolla’s dorsal line as well as the
color of the stigma, make the taxonomy of Orobanche
species extremely difficult.

So far, systematic researches of the genus Oroban-
che, on the territory of the Republic of North Macedo-

nia, are not carried out. Only sporadic data, for differ-
ent species of this genus, appeared in some floristic or
vegetation works that concerned parts of this territory
like Grisebach (1844), Grecescu (1899), Dimitrov
(1909), Vandas (1909), Stojanov (1921, 1928), Jurisi¢
(1923), Urumov (1923), Bornmiller (1928), Beck
(1930), Soska (1937; 1938/39a; 1953), Petrovi¢ (1941),
Cernjavski (1943), Rudski (1943), Micevski (=Micev,
1952), Grupce (1958), Matvejeva (1965; 1968); Dren-
kovski (1969), Teofilovski (2011).

The work on the project “Taxonomy and chorology
of the genus Orobanche in the Republic of Macedonia”,
conducted between 2011 and 2013, made an im-
portant contribution to the knowledge of this genus, in
the flora of the Republic of North Macedonia.

According to the available literature data, the genus
Orobanche, in the flora of the Republic of North Mace-
donia, is represented with 23 species. Orobanche pic-
ridis F.W. Schultz and Orobanche loricata Rchb. are
given as separate species on the basis of the alleged
literature data.

Materials and methods

Voucher specimens are deposited in the Herbarium
of the Natural History Museum of the Republic of
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North Macedonia. Relevant and reliable literature
sources were used for determination of the material:
Beck (1890;1930), Hayek (1929), Chater & Webb
(1972), Parabuéski (1974), Gilli (1982), Buia (1985),
Delipavlov (1995), Kreutz (1995), Uhlich & al. (1995),
Pujadas Salva & Velasco (2000), Pujadas Salva, A.J.
(2003), Pusch & Glinther (2009), Piwowarczyk (2014).
Photos of all species, from their natural habitats, were
taken. Literature and new data for the species are giv-
en on the distribution maps.

Results and discussion

1. Orobanche cumana Wallr. (Or. Gen.: 58. 1925).

(Syn. O. cernua var. cumana, Beck, Bibl. Bothanica,
19:143. 1890; O. cernua subsp. cumana (Wallr.) Sod,
Fedes Repert., 83:187. 1972).

Literature data

Mt. Galicica (Cernjavski, 1943).

New data

Kumanovo (village Romanovce): along the black

road that leads from the highway to the locality
"Krasta", sunflower crops, 300 m a.s.l., 26.06.2017
(Leg./Det. Z. Nikolov).

Fig.1. Orobanche cumana Wallr. - Habitus, with the
host plant Helianthus annuus L.

Description

Stem erect, 25-58 cm, simple. Inflorescence lax, 12-
39 c¢cm. Calyx up to 8 mm long, deeply bifid, the seg-
ments entire. The bracts up to 10 mm long, oval-
lanceolate, deflexed at the apex. Corolla 14-17 mm
long, yellowish-white at the base and somewhat blue-
violet toward the apex of the upper lip, curved at the
first third forward, then in the middle almost straight,
and again light curved downward at the apex of the
upper lip. Stamens inserted at approximately 5 mm
from the corolla base. The style, in the upper part, with
rare glandular hairs. The two spherical lobes of the stig-
ma are whitish.

The taxonomic status of Orobanche cumana (Fig. 1,
2) is still uncertain. This species, described by Wallroth
(1845) had been, for a long time, in the works of vari-
ous authors, taxonomically different evaluated: as vari-
ety of Orobanche cernua Loefl. (Beck, 1890, 1930; Hay-
ek, 1929), sub-species of O. cernua (So06, 1972), conspe-
cific species with O. cernua (Chater & Webb, 1972;
Pusch, 2009) or synonym of O. cernua (Pignanti, 1982).
Contrary to these allegations, in the papers of other
authors, these two taxa are given as separate species
(Kreutz, 1995; Uhlich & al., 1995; Pujadas-Salva & Ve-
lasco, 2000). Delipavlov (1995), for Bulgaria, and Para-
buéski (1974), for Serbia, recorded O. cumana with O.
cernua, as its synonym.

This discrepancy, in the taxonomical evaluation of
0. cumana, exists even to nowadays. In one of the
most relevant sources: Euro+Med Plantbase (Domina &
Raab-Straube, 2010+), O. cumana and O. cernua are
accepted as separate species. But, in another also rele-
vant source - the Plantlist, O. cumana is recorded as
synonym of O. cernua.

Although O. cernua and O. cumana are closely relat-
ed species yet, there are certain morphological, ecolog-
ical and biochemical differences that make clear dis-
tinction between them and justify their species level.
That is, in the best way, confirmed in the work of Puja-
das-Salva & Velasco (2000), for the Iberian Peninsula.
0. cumana is taller, the inflorescence is laxer and long-
er. There are also deviations in the bending of the dor-
sal line as well as of the color and the length of the co-
rolla. Markedly longer and more curved-down are the
flowers by O. cumana. Differences also appear in the
view of habitats as well as in the seed oil content and
fatty acid composition.
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Fig. 2. Orobanche cumana Wallr. - Inflorescence

The flowering period doesn’t overlap, for O. cernua
takes part from March to June, for 0. cumana, from
June to August.

The distribution area of O. cumana spans from the
entire Mediterranean region of Europe to China, Asia
Minor and Central Asia, also northern Africa and Aus-
tralia, while O. cernua inhabits mainly western Medi-
terranean region of Europe, then through Bulgaria, Asia
Minor and central Asia, to China, also in eastern India,
northern Africa and Australia (Kreutz, 1995).

The only data, for the presence of O. cumana, on
the territory of the Republic of Macedonia, we find in
Cernjavski (1943), for the Mt. Gali¢ica (Suvopolje: Pol-
jce). The data by Kostov & Pacanoski (2007) is only a
name on a list of weeds with major economic impact

on agriculture in the R. of Macedonia. The new finding
is along the black road that leads from the highway to
the locality “Krasta” (village Romanovce, town Kuma-
novo), at altitude of approximately 300 m a.s.l. (Fig. 3).

The plants of our population match the description
given by Kreutz (1995), Uhlich & al. (1995) and Pujadas-
Salva & Velasco (2000). The only deviation concerns the
length of the corolla. By our plants, the corolla length
(14-17 mm) is almost the same with the one, given by
Kreutz [(1994) (15-18 mm)] and Uhlich & al. [(1995) (15
-18 mm)], but shorter, in average, in compare to the
length, recorded by Pujadas-Salva & Velasco [(2000)
(16)19-22 mm)].

Despite to the allegations of Kreutz (1995), Pujadas-
Salva & Velasco (2000), Parker (2013), that O. cumana
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Fig. 3. Orobanche cumana Wallr.

parasitizes exclusively on sunflower (Helianthus annuus
L.), while O. cernua mainly on Artemisia species or on
Solanaceae crops, another authors (Buia, 1985; Uhlich
& al., 1995; Pineda-Markos & al., 2014) recorded, be-
yond the sunflower, other species of Asteraceae and
Solanaceae, as host plants for O. cumana.

0. cumama, in the alleged locality, in an immense
number, parasitizes on sunflower crops (Fig. 1).

2. Orobanche hederae Duby (Bot. Gall., ed. 2,
1:350. 1828).

Literature data

Mt. Belasica: village Banjsko (Rudski, 1943).

New data

1. Matka (Skopje): in the vicinity of the dam
“Matka”, along the narrow path that leads to the caves,
343 m a.s.l., 10.06.2011 (N: 422 00’ 37.8”; E: 0212 30’
46.9”) (Leg./Det.: Z. Nikolov),

2. Debar (village Modric): in the valley of the river
Crn Drim, 594 m.a.s.l.,, 22.06.2012 (Leg./Det.: Z. Ni-
kolov).

Description

Stem erect, (13)16-34(41) cm, simple, yellowish to
yellowish-brown or even brown, with long, glandular
hairs. Inflorescence lax, many-flowered (4)6-15(25) cm.
The bracts with the same length as the corolla or even
longer, oval-lanceolate, with glandular hairs, deflexed
at the apex. Calyx segments with glandular hairs, entire
or unequally bidentate, connate at the base. Corolla 14
-20 mm long, yellowish to yellowish-brown, with glan-
dular hairs. The dorsal line of the corolla is nearly
curved from the base, then almost straight (even) and

Figure 4. Orobanche hederae Duby
a) Habitus b) O. hederae parasitic on Hedera helix L. c) inflorescence detail
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Fig. 5. Orobanche hederae Duby

somewhat raised at the upper lip. Stamens inserted at
3-4 mm from the corolla base. The style glabrous or
with rare glandular hairs. The stigma consisted of two
elongated, globular lobes, yellowish.

The distribution area of O. hederae extends from
southern Europe (especially the Mediterranean region)
to Asia Minor (Turkey), Caucasus countries and Iran,
also in western, central and rarely, in eastern Europa
(Crimea) and countries from North Africa - Morocco,
Algeria (Uhlich & al., 1995; Kreutz, 1995; Pusch & Giin-
ther, 2009; Domina & Raab-Straube, 2010+).

The only data, for the presence of O. hederae, in the
flora of the Republic of North Macedonia, comes from
Rudski (1943), for village Banjsko (Mt. Belasica). New
findings (Fig. 5.), revealed during the work on the pro-
ject “Taxonomy and horology of the genus Orobanche
in the flora of the Republic of Macedonia” (2011-2013),

are Matka (dam in the gorge of the river Treska, city of
Skopje) and the valley of the river Crn Drim (village Mo-
dri¢, town Debar).

O. hederae parasitizes mostly on the root of Hedera
helix L. (Fig. 4 a, b), rarely on other Hedera-species.
Also, other Araliaceae are possible host plants for O.
hederae (Pusch & Giinther, 2009) as well as Pelargoni-
um and other ornamental plants (Kreutz, 1995).

The population at the locality “Matka” is developed
on the edge of the dam, on moist and shady site (Fig. 4,
a,b). Along the road, in the valley of the river Crn Drim,
occurs another population of O. hederae.

3. Orobanche pubescens D’Urv. (Enum. Pl. Ins. Eux.
76.1822)

(Syn. 0. versicolor F.W.
(Regensburg) 26:129. 1843.)

Literature data

Beck (1930): Mazedonien: “bei Lundzi, naechste
Gjevgjeli” (Dimonie).

Schultz in Flora

New data

Matka (Skopje): in the vicinity of the church “Sv.
Nedela”, 757 m a.s.l, 10.06.2011 (Leg./Det.: Z. Ni-
kolov).

Description

Stem 35 cm, simple, reddish, with long, white glan-
dular hairs, bellow rich, upper scare scale-leafy. Inflo-
rescence 16 cm, cylindrical, upper dense-flowered, bel-
low rather lax, villous. Scale leaves up to 16 mm, linear-
lanceolate, with white- glandular-villous base. The
bracts reach the corolla length, lanceolate, white- glan-
dular-villous. Calyx-segments evenly bidentate, teeth

Figure 6. Orobanche pubescens D’Urv.
a) Habitus b) O. pubescens with the host plant Lamium maculatum L.
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Figure 7. Orobanche pubescens D’Urv. - Inflorescence

long-acuminate, white-glandular-villous. Corolla 16
mm, tubular, yellowish-white at the basis, reddish to
the lips, long lanate-pilose outside, mostly on the upper
lip; the dorsal line, from the curved base, almost
straight. Stamens inserted et 3-4 mm from the base of
the corolla. Stigma 2-lobed, reddish.

0. pubescens (Fig. 6, 7) belongs to the Mediterrane-
an elements spread from Spain, France, Italy, Balkans
to Crimea and Transcaucasia, also in N.W. Africa (Gilli,
1982; Kreutz, 1995; Uhlich & al., 1995; Domina & Raab-
Straube, 2010+).

The only data, for the presence of O. pubescens, on
the territory of the Republic of North Macedonia,
comes from the comprehensive monograph of Beck

d i
@ Literature data @ New data

Fig. 8. Orobanche pubescens D'Urv.
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(1930), for the surrounding of the town Gjevgjelia. On
the locality “Matka” (Skopje valley), not far from the
dam (Fig. 8), in the vicinity of the church “Sv. Nedela”,
only one plant of this species that parasitizes on Lami-
um maculatum L. (Fig. 6, b), was found. Although L.
maculatum is so far unknown to be host plant for this
or any other Orobanche, another one, of the same ge-
nus Lamium — L. garganicum L. subsp. striatum (Sm.)
Hayek (Syn. L. striatum Sm.) is already known to be
host plant, for O. pubescens (sec. Bornmdiiller, in Beck,
1930; Uhlich & al., 1995). Otherwise, O. pubescens is
parasitic on various species, mostly of Asteraceae, Um-
belliferae and Fabaceae, rarely on Lamiaceae and Gera-
niaceae (Uhlich & al., 1995).

4. Orobanche flava F.W. Schultz

Literature data

So far, there are no data for the presence of this
species, in the flora of the Republic of North Macedo-
nia.

New data

Jablanica (village Gorna Belica): nearby the village,
along the road and Belicka river, 1200 m a.s.l,
19.07.2006 (Leg./Det.: Z. Nikolov).

Description

Plants usually in groups, stem (15)23-39 cm, orange
-yellowish, glandular-pubescent; scale-leaves up to 20
mm, numerous in the lower, rare in the upper part of
the stem; the lower triangular to lanceolate, the upper

Fig. 9. Orobanche flava F.W. Schultz
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Fig. 10. Orobanche flava F.W. Schultz

scale-leaves lanceolate. Inflorescence (4)5-10 cm, many
-flowered, dense at first, later, elongated and lax; brac-
teoles absent; calyx segments usually free, mostly une-
qually bidentate, rarely entire, glandular-pubescent;
corolla up to 23 mm, yellowish, glandular-pubescent,
relatively uniformly curved; the upper lip 2-lobbed, the
lower 3-lobed, the middle one larger than the side
lobes; stamens inserted 4-6 mm from the base of the
corolla tube; stigma 2-lobed, yellow.

Orobanche flava (Fig. 9) grows in Central and East-
ern Europe: France, Switzerland, Germany, Austria,
Czech Republic, Slovakia, southern Poland, Hungary,
Romania, Former Yugoslavia and northern Italy (Kreuz,
1995). Later, the presence of this species was con-
firmed for Spain (Pujadas Salva, 2003). Domina & Raab-
Straube (2010), beyond the countries alleged by Kreuz
(1995) and Pujadas-Salva (2003), extends the distribu-
tion area with Azerbaijan, Armenia, Georgia (A D G),
Morocco, R(CS) and Ukraine.

0. flava is a mountain species that parasitizes main-
ly on species of the following genera of the fam. Aster-
aceae: Adenostyles, Petasites, Senecio and Tussilago,
and probably on these species of the genus Aconitum
(fam. Ranunculaceae) — A. napellus L. and A. ly-
coctonum L. (Kreutz, 1995; Uhlich & al., 1995; Pusch &
Gunther, 2009).

The habitat on the Mt. Jablanica (village Gorna Beli-
ca), where O. flava grows, completely matches the
“preferred habitats” for this species, described by
Piwowarczyk (2014). Namely, the plants occurred in the
tall-herb stands of Petasites sp., on stony, wet place,
sporadically flooded by the waters of Beli¢ka river, at
approximately of 1200 m a.s.l. (Fig. 10).

-. New data

Hitherto, O. flava hasn’t been recorded for the terri-
tory of the Republic of North Macedonia.

5. Orobanche serbica Beck & Petrovic

(Syn. Orobanche ozanonis F.W. Schultz. ex G. Beck.
Biblioth. Bot., 19:249. Stuttgart. 1890).

Literature data

Belasica: village Bansko (Stojanov, 1921); Mt. Galici-
ca (Cernjavski, 1943).

New data

Kozjak (village Nova Breznica, city of Skopje), 1107
m.a.s.l.; 03.07.2013. N: 4192 53' 40.6" E: 0212 53'
28.6" (Leg./Det.: Z. Nikolov).

Description

Stem (12)14-23(28) cm, swollen at the base, glandu-
lar-pubescent, yellowish, rarely purple. Scale-leaves
ovate-lanceolate, 10-15(18) mm long, dense bellow,
gradually rare up. Inflorescence rather dense, many
flowered, 5-8 cm long. Bracts lanceolate, glandular-
pubescent, slight shorter than the corolla. Calyx seg-
ments free, mostly unequally bidentate. Corolla 16-18
mm long, whitish with purplish nuance to the lips, glan-

Fig. 11. Orobanche serbica Beck & Petrovic¢

- Habitus of the plant, parasitic on Artemisia cam-
pestris L.
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Fig. 12. Orobanche serbica Beck & Petrovi¢ - Inflorescence

dular-ciliate, curved at the base, straight in the middle
and curved down to the lips; the upper lip subentire,
the lower three-lobed, the lobes equal, glandular-
ciliate at the margins. Filaments inserted at 4 mm from
the corolla-base. Stigma 2-lobed, yellow.

Until recently, Orobanche serbica (Fig. 11, 12) was
considered to be Balkan endemic species confined to
Serbia (Beck, 1890), Serbia and Macedonia (Hayek,
1929), Serbia and Bulgaria (Beck, 1930, Uhlich & al.,
1995), Bulgaria and former Yugoslavia (Chater & Webb,
1972), Serbia, Macedonia and Bulgaria (Parabudski,
1974; Delipavlov, 1995). But, as a result of the conclu-
sion of Carlon & al. (2008) that Orobanche ozanonis
F.W. Schultz is actually a synonym of O. serbica, the
distribution area of the latest was widened to France

and Spain. This solution was soon accepted by Domina
& Raab-Straube (2010). In the distribution area of O.
serbica, given by the later authors, the territory of the
Republic of North Macedonia is not included.

In the locality “Kozjak” (village Nova Breznica, Fig.
13), where O. serbica grows “dominate rocky, dry
grasslands on the calcareous bedrocks, rarely dry
meadows and clearings in the oak belt or the rests of
Pinus nigra forests” (Nikolov, 2019). The plants of this,
not numerous population, match (without deviations)
the descriptions given by Beck & Petrovic (1885), Beck
(1890, 1930), Hayek (1929), Chater & Webb (1972),
Parabuéski (1974), Delipavlov (1995), Uhlich & al.
(1995). The whitish corolla, with purplish nuance to the
lips, the yellow, 2-lobed stigma and the ovate-
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Fig. 13. Orobanche serbica Beck & Petrovic

lanceolate scale-leaves make this species in the field
easy recognizable.

O. serbica is parasitic only on species of the genus
Artemisia (Beck & Petrovic, 1885; Beck, 1890, 1930;
Chater & Webb, 1972; Parabucski, 1974; Uhlich et al.,
1995; Carlon & al., 2005). In the locality “Kozjak” O.
serbica parasitizes on the root of A. campestris (Fig.
11.), the same host species alleged by Parabuéski
(1974).

Conclusion

The result of the work on the material of the genus
Orobanche, collected from 2006-2017, mostly from
2011-2013, is as following:

1. Orobanche flava — first record of the flora of the
Republic of North Macedonia, new species, parasitic on
Petasites sp., discovered on the Mt. Jablanica (village
Gorna Belica),

2. Orobanche cumana - rare species, parasitic on
Helianthus annuus, registered on a locality nearby the
village Romanovce (town Kumanovo),

3. Orobanche hederae - rare species, parasitic on
Hedera helix, encountered on the localities Matka (city
of Skopje), valley of the river Crn Drim (village Modric,
town Debar),

4. Orobanche pubescens - rare species, parasitic on
Laminum maculatum, found on the locality Matka (city
of Skopje), and

5. Orobanche serbica - rare species, parasitic on
Artemisia campestris, discovered on the locality Kozjak
(village Nova Breznica, city of Skopje).

@ New data
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Abstract

One species and one subspecies which were not reported and three species which remained uncon-
firmed in the edition “The flora of the Republic of Macedonia” (Micevski 1985-2005), are reported in this
paper. Aethionema arabicum and Dianthus superbus subsp. superbus are reported for the first time in

the flora of the Republic of North Macedonia while the occurrence of the following doubtfully known

species is confirmed with exact herbarium specimens: Anemone sylvestris, Peucedanum cervaria and P.

longifolium. The phytogeographic importance of the recorded locality of the mainly SW Asian species

Aethionema arabicum, near Stip, is discussed. Distribution of each taxa is mapped.

Key words: Aethionema arabicum, Dianthus superbus subsp. superbus, first record, confirmation, flora,

species, Republic of North Macedonia.

Introduction

During the author’s floristic excursions in the recent
years, in the frame of the personal floristic studies, pro-
fessional work and some applicative projects, floristic
data from various parts of the country were collected.
A wide range of terrestrial habitat types were included
in the mentioned field studies: stony and rocky places,
wet places, meadows, pastures, forests, ruderal places
etc. In this paper is presented a selection of some note-
worthy floristic data referring to taxa belonging to the
genera which are treated in the so far published vol-
umes of “The flora of the Republic of Macedo-
nia” (Micevski 1985-2005, Matevski 2010).

Material and methods

During the field work appropriate herbarium speci-
mens were collected and stored in the private herbari-
um of the author. Photographs of live specimens and
their habitats are also taken in the field. Identification
of the collected plants was conducted according to: The
flora of the Republic of Macedonia (Micevski 1985-
2005), Flora Europaea (Tutin & al., 1964 -1980), as well
as some other relevant regional and national floras and
monographic works. Relevant floristic literature is used

to provide the chorological data (if present) for each of
the treated taxa.

Results and discussion

Aethionema arabicum (L.) Andrz. ex DC. (Figs. 1, 2)

Stip: 0.9 km E of Jamularci village, open stony place,
230 m, 41°43'55.77"N, 22° 3'6.85"E, 9.5.2020, leg. A.
Teofilovski & D. Mandzukovski, det. A. Teofilovski.

This is a new species in the flora of the Republic of
North Macedonia.

Description: Annual with slender, simple or
branched stems 10-15 cm. Lower leaves c. 15 mm,
ovate, acute, the upper ovate, acute, cordate-
amplexicaul at the base. Petals 2-3 mm, purplish. Silicu-
la 6-12 mm, suborbicular, emarginated at the apex,
with up to 6 seeds, very densely crowded, imbricate;
style 0-5-1 mm, shorter than notch (Chater & Akeroyd
1993).

Aethionema W. T. Aiton is a genus of 75 species,
with Turkey, which flora includes 56 species (of which
31 endemic), representing a center of its diversity
(Ceter & al. 2018). In the flora of Balkan Peninsula
(including Aegean Islands) seven species of this genus
are present, of which three endemic to Greece and one
to Bulgaria (Chater & Akeroyd 1993, Marhold 2011). In
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Fig. 1. Aethionema arabicum
(Stip, Jamularci village, photo. A. Teofilovski)

the Republic of North Macedonia, the only other repre-
sentative of this genus known to occur is A. saxatile (L.)
W. T. Aiton which has a frequent occurrence in stony
and rocky limestone areas of the country (Micevski &
Matevski 1995). The latter species is easily distin-
guished from A. arabicum by its perennial habitus,
leaves not cordate-amplexicaul at the base and fruits
not densely crowded and imbricate.

The range of distribution of A. arabicum includes:
Iran, Transcaucasia, Syria, Anatolia, East Aegean islands
(Rodos) and the east part of Balkan Peninsula (Stojanoff
& Stefanoff 1923, Hedge 1965, Tan & Suda 2002). In
the mainland of Europe it was confirmed only on a sin-
gle locality in the east part of Bulgaria (Sliven, Sotirya
village) (Stojanoff & Stefanoff 1923, Stanev 2015) while
the reported presence in Thrace and European part of
Turkey (Hayek 1924, Chater 1964, Chater & Akeroyd
1993), according to the available data seems not to be
confirmed (Hedge 1965, Velev 1970, Tan & Suda 2002).
Nevertheless, Hedge (1965) reported this species quite
close to the European part of Turkey, on the Asiatic
coast of Dardanelles (Canakkale).

On the locality near Jamularci village, A. arabicum
grows as a pioneer species on shallow eroded soil, be-
tween more or less loose stones. It is a pronounced
xero-thermophytic habitat, with a poor herbaceous
plant cover. The recorded population is very small, with
not more than 25 specimens observed, occupying an

< ". "~ = 13 - ., .\ A Noo 1)
Fig. 2. Distribution of Aethionema arabicum
in the Republic of North Macedonia

area of about 50 m’. On the locality near Sliven in E
Bulgaria, where the total population has been estimat-
ed to 50-60 individuals, the species grows on open or
shrubby eroded stony terrains and screes, on limestone
(Stanev 2015), in Turkey on fields and stony slopes
(Hedge 1965), while on the island of Rodos (Greece) on
ophiolitic rocks (Tan & Suda 2002).

From a phytogeographical point of view, the new
locality of A. arabicum in the central part of the Repub-
lic of North Macedonia, is an interesting finding of an
isolated miniature disjunction and a new easternmost
point of the species range. The distances from the clos-
est confirmed localities in E Bulgaria (Sliven) and NW
part of Asiatic Turkey (Canakkale) are 375 and 400 km,
respectively.

The population of A. arabicum in the Republic of
North Macedonia is an important point in its general
distributional range, requiring an urgent valorization of
the threats and appropriate conservation measures.
The current conservation status of this species in Bul-
garia is Critically Endangered (Stanev 2015).

Anemone sylvestris L. (Figs. 3, 4)

Delcevo: 1.1 km E of Zvegor village, black pine for-
est, limestone, 870 m, 41°57'50.72"N, 22°49'6.47"E,
24.6.2020, leg. A. Teofilovski & D. Mandzukovski, det.
A. Teofilovski.

A rare species, which presence in the flora of the
Republic of North Macedonia was obscurely known
from a single report referring to Dub Mt., in the south-
eastern part of the country (Cirimoti¢ 1958). This data
was not confirmed in “The flora of S.R. Macedo-
nia” (Micevski 1985).
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Fig. 4. Distribution of Anemone sylvestris
in the Republic of North Macedonia. The underlined
symbol is new locality.

Peninsula. Among the country neighboring the Republic
of North Macedonia, in Serbia it is restricted to south-

ern part of Vojvodina and the vicinity of Belgrade (Gaji¢
Fig. 3. Anemone sylvestris

. . . . 1992), distributed in most of the floristic regions in Bul-
(Delcevo, Zvegor village, photo A. Teofilovski)

garia (Assyov 2012), while missing from the flora of
Kosovo, Greece and Albania (Gaji¢ 1992, Strid 2002,

A. sylvestris is an Eurasian species with a restricted Barina & al. 2018).
distribution in the southern part of Europe and Balkan

Dianthus superbus L. subsp. superbus (Figs. 5, 6)

Berovo: 1 km south of Avramski Kolibi, meadows,
1025 m, 41°37'11.41"N, 22°50'44.65"E, 2.8.2017, leg. &
det. A. Teofilovski.

This is the first report of this subspecies in the flora
of the Republic of North Macedonia. About 20 individu-
als were recorded growing in a somewhat moist mead-
ow, on deep silicate soil.

Fig. 5. Dianthus superbus subsp. superbus Fig. 6. Distribution of Dianthus superbus subsp. superbus
(Berovo, Avramski Kolibi, photo A. Teofilovski) in the the Republic of North Macedonia
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Fig. 7. Peucedanum cervaria, parts of herbarium speci-  Fig. 8. Distribution of Peucedanum cervaria in the Repub-

men (Tetovo, Rogacevo village, photo A. Teofilovski)

The collected specimens are entirely green plants
with petal limbs ca. 20 mm long, therewith clearly
matching to D. superbus subsp. superbus. The only oth-
er subspecies of D. superbus also occurring in the Re-
public of North Macedonia, the high mountain taxa
subsp. alpestris Celak, is recognized by its, in general,
glaucous appearance and longer petal-limbs (30 mm).
Micevski [1993, sub D. superbus subsp. speciosus
(Reichenb.) Pawl.] reported subsp. alpestris only from
Sar Mountains (Elak) in the same time referring to it all
literature reports of D. superbus s.I. The latters origi-
nate from the high parts of Sar Mountains (Rudoka,
Vraca) (Horvat 1936) and Osogovo Mt. (Carev Vrv)
(Urumov 1923).

Peucedanum cervaria (L.) Lapeyr. (Figs. 7, 8)

Tetovo: Sar Mountains, near the road to Rogacevo
village, grassy place, 740 m, 42°8'50.80"N, 21°
9'27.88"E, 11.7.2018, leg. & det. A. Teofilovski.

This is the first confirmation of this species in the
Republic of North Macedonia. The only report in the
literature, referring to Strumica (Kosovi Nivi) (Rudski
1943), was not considered a reliable data in “The flora
of the Republic of Macedonia”, and thereby, the spe-
cies was not included in the checklist of the genus Peu-
cedanum L. (Matevski 2005).

On the locality near Rogacevo village, only one
specimen was recorded growing in a grassy place near
the road to Staro Selo village. The additional efforts to
find more individuals along the mentioned road ap-
peared unsuccessful.

lic of North Macedonia. The underlined symbol is new
locality

The range of P. cervaria encompasses much of C& S
Europe and Algeria, including all Balkan countries ex-
cept Greece, Kosovo and European part of Turkey
(Hand 2011, Nikoli¢ 1973). In the flora of Albania and
Bulgaria, according to the available data it has only a
restricted distribution (Assyov & al. 2012, Barina & al.
2017) while its occurrence in some parts of Serbia is
very common (M. Niketi¢ 2020, pers. comm.)

P. cervaria is easily distinguished from the other
European Peucedanum species by its characteristic

Fig. 9. Peucedanum longifolium
(Stip, Bogoslovec, photo. A. Teofilovski)
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Fig. 10. Distribution of Peucedanum longifolium in the
Republic of North Macedonia. The underlined symbol is
new locality.

ovate to ovate-oblong leaf lobes which length is 12-30
(50) mm.

Peucedanum longifolium Waldst. & Kit. (Fig. 9, 10)

Stip: Bogoslovec, stony and shrubby places, S
slopes, 480-570 m, 41°45'6.23"N, 22°2'26.88"E,
20.5.2019, leg. A. Teofilovski & D. Mandzukovski, det.
A. Teofilovski.

This is a first confirmation of the species occurrence
in the flora of the Republic of North Macedonia. It was
included in the treatment of the genus Peucedanum L.
in “The flora of the Republic of Macedonia” (Matevski
2005) on a base of the only literature report from the
vicinity of Prilep (Dren) (Stojanoff 1928).

The distributional area of this species includes: Tur-
key, Transcaucasia, Georgia and all Balkan countries
(Hand 2011). It belongs to the taxonomically difficult P.
officinale complex, represented in Balkan Peninsula
also by the S, C & W European species P. officinale. The
latter was reported only recently for the first time in
the Republic of North Macedonia, from the serpentine
and limestone areas northwest of Skopje (Radusa,
Orasje) (Teofilovski 2015).

P. longifolium differs from P. officinale generally by
the narrower, up to 1 mm wide and keeled leaf-lobes
and shorter fruit pedicels. Having in consideration the
difficulties in delimitation, Frey (1989) in his mono-
graphic work of some sections in the genus Peuceda-
num, proposed a subspecific rank of P. longifolium in
the frame of P. officinale. However, this proposal was
not accepted in the recent synthetic floristic works and

broader databases (Hand 2011, Assyov & al. 2012,
Dimopoulos & al. 2013, Barina & al. 2018, The Plant
List). Waiting to a modern taxonomic study, all the so
far treatments of P. officinale complex seem to be con-
sidered only provisional.

On Bogoslovec hill, P. longifolium occurs abundantly
on an area of .10 ha, on dry shrubby and stony places.
All the examined individuals have keeled and narrow
leafs lobes (0.5 mm), umbellules with less than 25 flow-
ers and relatively short and strait fruiting pedicels (10-
14 mm), therewith satisfactorily matching to P. longifo-
lium (see Tutin 1968, Hartvig 1986).

Conclusions

Aethionema arabicum, a species with a main distri-
bution in SW Asia and only a single previously known
locality in the mainland of Europe (Sliven, E Bulgaria), is
recorded for the first time in the flora of the Republic
of North Macedonia. Ca. 25 individuals were recorded
in a small area in the vicinity of Jamularci village (Stip).
The new record is of significant phytogeographic im-
portance, representing a new easternmost disjunction
of the species range, with the closest known locality
Sotirya village (Sliven, E Bulgaria) being situated 375 km
northwest — west.

Dianthus superbus subsp. superbus, a lowland sub-
species of D. superbus, is recorded for the first time in
the flora of the Republic of North Macedonia, near Av-
ramski Kolibi (Berovo).

The following three species, known from a single
old literature report but not confirmed in the edition
“The flora of the Republic of Macedonia” (Micevski
1985-2005), were confirmed with specific herbarium
specimens:

- Anemone sylvestris, previously known only from a
single report from Dub Mt. (Cirimoti¢ 1958), is recorded
near Zvegor village (Delcevo).

- Peucedanum cervaria, reported only from Strumi-
ca (Kosovi Nivi) (Rudski 1943), is recorded at the foot-
hill of Sar Mountains, near Rogacevo village (Tetovo).

- Peucedanum longifolium, reported only from Dren
village (Prilep) (Stojnoff 1928), is recorded on Bo-
goslovec hill (Stip).
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Dianthus pallidiflorus Ser., another steppe-element in the flora of the Republic of North Mace-

donia
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North Macedonia,
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Abstract

Dianthus pallidiflorus, a steppe-element described from southern Russia, is recorded for first time, for
the flora of the Republic of North Macedonia. The only, so far, known locality is “Tekijski rid”, nearby the
village Tekija (Skopje valley). A survey of different approaches and solutions, in the works of many au-
thors, for the existence and taxonomic rank of another species — Dianthus aridus (described from Bulgar-
ia) that concerns D. pallidifiorus (as separate species, synonym or included to D. pallidiflorus), is also giv-
en. Photos of the plants and the locality as well as drawings of taxonomic important parts of the flower

are also presented.

Key words: Dianthus pallidiflorus, steppe-species, “steppe-like” vegetation, Flora, Republic of North

Macedonia.

Introduction

Dianthus pallidiflorus is a steppe species, described
by Seringe (1824) from southern Russia - in herbidis ad
Volgam [(in Krasnoarmeisk (Sarepta), Shishkin, 1935)].

The appearance of “steppe” and steppe elements,
in the flora of the Republic of North Macedonia, has
caused attention for a long time (KoSanin, 1924,
Cernjavski & al., 1937; Micevski, 1971, 1978, 2001; Mi-
cevski & Matevski, 1987; Matevski & al., 2008). Wheth-
er “natural steppe” or not, was questionable for the
vegetation that develops in the central part of the
country, between the towns Veles, Stip and Negotino.
Based on comparison and lack of some key elements
that characterized the real, natural steppe, Micevski
(1971) suggested the term “steppe-like” vegetation, as
the most proper. Nevertheless, it didn’t diminish the
significance of this vegetation because of the presence
of steppe species or species with semi-desert origin as
relicts of the former steppe vegetation that developed
on this territory (Micevski, 1971, 1978; Matevski & al.,
2008). Within the steppe region, Matevski et al. (2008)
recorded the following endemic and relict species: Tuli-
pa mariannae Lindner, Astragalus cernjavskii Stoj.,
Heptaptera macedonica Micevski and Salvia jurisicii

KoSanin, with very restricted distribution. Four more
species, Hedysarum macedonicum Bornm., Ferulago
macedonica Micevski, Onobrychis megalophylla Gris.
and Potentilla tridentula Vel., are with somewhat wider
distribution, but still limited to the territory of the Re-
public of North Macedonia (Matevski et al., 2008). Be-
sides, two other steppe species: Cardopatium corymbo-
sum (L.) Pers. and Galatella villosa (L.) Rchb. fil. are
found only in this central steppe region in the Republic
of North Macedonia, but are also distributed in other
countries. The list of the species found only in the
steppe-like region is supplemented by the following
halophytes: Artemisia maritima L., Krascheninikovia
ceratoides (L.) Gueldenst. Camphorosma monspeliaca
L. and Camphorosma annua Pall. (Matevski et al, 2008).
In the survey of the steppe species, the same authors
recorded also Astragalus parnassi Boiss., Morina persi-
ca L. and Convolvulus holosericeus M.B. To this list of
species of steppe origin, Astragalus gracaninii Micevski,
found in the steppe-like locality “Krasta” (v. PCinja, Ku-
manovo) should be added (Micevski, 1971, 2001).

Here we present the finding of another steppe spe-
cies of plant, Dianthus pallidiflorus Ser., which is the
first record for the flora of the Republic of North Mace-
donia.
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Fig. 1. Dianthus pallidiflorus Ser.

a) Habitus

b) Flower with longer epicalyx scales (c. % as long as
the calyx)

c) Flower, with shorter epicalyx scales (c. ¥ as long as
the calyx)

Materials and methods

The plants were collected from the locality “Tekijski
rid”, in the vicinity of the village Tekija, eastern part of
Skopje valley, c. 20 km from the capital. Voucher speci-
mens are deposited in the herbarium of the Natural
History Museum of the Republic of North Macedonia.
Relevant literature sources were used for the determi-
nation of the material (Hayek, 1924; Shishkin, 1935;
Stojanov, 1966; Petrova, 1992; Tutin & Walters, 1993).

Taxonomic status

Taxonomic status of D. pallidiflorus is stable, only
the rank is different, by different authors. Seringe
(1824) described this taxa as D. pallidifiorus sp. n. that
was later accepted in the works of many authors: Les-
sing (1835), Boissier (1867), Shishkin (1936), Grossgeim
(1945), Petrova (1992), Tutin & Walters (1993),

Fedoroncuk & Cornei (2005), Petrova & Vladimirov
(2009), Marhold (2011). Schmalhausen (1895), who
changed the species-rank of D. pallidiflorus to subspe-
cies of Dianthus campestris Bieb. (D. campestris subsp.
pallidiflorus), found his followers in the works of
Stojanov & Achtarov (1935), Stojanov (1966), Dimitrov
(2002), Urusak & al. (2013).

Dianthus aridus Griseb., separate species or?

Grisebach (1873 ex Janka) described Dianthus
aridus sp. n. from the territory of Bulgaria (Sliven). The
appearance of this species didn’t question the exist-
ence nor the taxonomic rank of D. pallidiflorus, but the
dilemma whether this species should be treated as a
separate (Hayek, 1924; Petrova, A., 1992; Zarkos & al.,
2018), be included to D. pallidiflorus (Tutin & Walters,
1993) or synonymized (Marhold, 2011), still exists. The
comparation of the original descriptions of D. pallidiflo-
rus (Seringe, 1824) and D. aridus (Grisebach, ex Janka,
1873), even the one of Seringe is really short, reveals
that the only reliable difference that actually separate
these two species is the layout of the flowers. Namely,
Seringe (1824) alleged “floribus solitaries”, while in
Grisebach’s diagnosis (1873) stands “flores fasciculati,
fasciculi 3-4flori”. The solitary flowers stand on longer,
the flowers in clusters, on shorter pedicels.

The existence or the taxonomic rank of D. aridus
was treated differently, in the works of many authors
that primarily concerned the flora from the Balkan Pen-
insula (Hayek, 1924; Stojanoff & Achtarov, 1935;
Stojanov, 1966; Petrova, 1992; Tutin & Walters, 1993;
Dimitrov, 2002; Assyov, Petrova, Dimitrov & Vasilev,
2012).

Hayek (1924), in his capitol work, alleged D. aridus
for Bulgaria, Thracian and Macedonia. Regarding the
layout and the color of the flowers, Hayek (1924) no-
ticed: “flowers solitary vel 2-4-ni” and “lamina
ochroleuca”. In Grisebach’s original description, the
flowers are “fasciculati: fasciculi 3-4 flori” and the lami-
na is “leucantha”. Consequently, plants with solitary
flowers as well as plants with flowers in groups of 2-4
can be considered as D. aridus.

Stojanoff & Achtaroff (1935), in the detailed study
of the genus Dianthus, for the territory of Bulgaria, al-
leged D. pallidiflorus as a subspecies of D. campestris.
In spite of the data for the epicalyx length by Seringe
(1824), the authors noticed that the epicalyx scales in
subsp. pallidiflorus, that usually reach the half of the
calyx, can sometimes reach even the base of the calyx
teeth. In the frame of this subspecies, they separated
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Fig. 2. Dianthus pallidiflorus Ser.
a) Habitus b) Flower (light-greenish below) c) Flowers (pale-pink below)

two varieties: pseudoramosissimus Stoj & Acht., with
“solitary flowers, rarely 2-3; epicalyx scales 4; calyx 13-
15 mm; flowers white to pale pink”, and var. aridus
(Jka) Stoj. & Acht. (D. aridus Janka), with “flowers most-
ly 2-4; epicalyx scales 4-6; calyx 10-13 mm long; flowers
white”. Apparently, the layout of the flowers is the
main difference between these two varieties.

Stojanov later (1966) kept the same combination —
D. campestris subsp. pallidiflorus, but this time he
treated D. aridus, D. aridus var. puberulus and D. cam-
pestris var. pseudoramosissimus as synonyms of the
subspecies pallidiflorus.

Petrova (1992), on the base of the habitus, layout of
the flowers and the length of the pedicels, alleged D.
pallidiflorus and D. aridus as separate species, for the
territory of Bulgaria.

Tutin & Walters (1993) also recorded D. pallidiflo-
rus, but they included D. aridus to D. pallidiflorus. The
description of some characteristics is as following: flow-
ers usually long-pedicilate; epicalyx-scales usually 4, % -
% as long as calyx; calyx 10-14 mm; petal-limb 4-6 mm,
white or pale-pink.

Dimitrov (2002), following the line of Stojanov
(1966), recorded D. campestris subsp. pallidiflorus. But,
in spite of Stojanov (1966), who synonymized D. aridus,
Dimitrov included D. aridus to subsp. pallidiflorus.

Marhold (2011) accepted D. pallidiflorus and synon-
ymized D. aridus Janka, D. moeticus Klokov and D. cam-
pestris subsp. pallidiflorus (Ser.) Schmal. In the distribu-
tion area of the species, he included Bu, Gr, Tu, U (K,U).

Urusak & al. (2013), alleged D. campestris subsp.
pallidiflorus, for the territory of European Turkey.

Finally, the data for the presence of D. aridus in
Greece (Zarkos, Christodoulou, Tan & Vold., 2018), ac-
tualizes again the existence and the species rank of this
taxa.

Description of the plants from the locality Tekijski
rid (village Tekija), Skopje valley

Multicaulis, herbaceous perennial, with stout stock.
Stem up to 60 cm, branched above, puberulent in the
lower part. Basal leaves absent at anthesis, cauline 2-5
cm long, liniear, acute, serrulate, glabrous, shorter than
internodes. Leaf-sheaths, in the lower part of the stem
c. 4 mm long. Flowers solitary, long pedicelate. Epicalyx
scales 4, ovate-lanceolate with scarious margins, c. %,
very rare % of the calyx length, the inner scales shorter
aristate, the outer varying, from shorter to longer aris-
tate, sometimes reaching almost the base of the calyx
teeth. Calyx (12)13-14(15) mm, glabrous, calyx teeth up
to 6 mm, with scarious-ciliate margins. Petal-limbs den-
tate, bearded, white above and light greenish or rarely
pale-pink, bellow.

Distribution

D. pallidiflorus is a steppe element, described by
Seringe (1824), from southern Russia. Tutin & Walters
(1993), extend the distribution area of D. pallidiflorus
(including D. aridus) from S. E. Europe to S.E. Russia,
including Bu,? Gr Rs (?C. W. K. E.). Data for the pres-
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ence of D. pallidiflorus, on several localities in Ukraine,
we find in the work of Fedoronéuk & Cornei (2005).
According to Marhold, (2011), the distribution area of
this species (Syn. D. aridus) includes the territories of
Greece, Bulgaria, Ukraine and Turkey.

Results and discussion

Dianthus pallidiflorus Ser. in DC. Prodr. 1: 358
(1824).

[Syn. D. campestris subsp. pallidiflorus (Ser.)
Scmalh. in Ledeb., Fl. Ross. 1: 447. (1895); D. maeoticus
Klok. in Scient. Magaz. of Biology:13 (1927)].

— Skopje: village Tekija, locality “Tekijski rid”, 300-
350 m.a.s.l.,, 26.06.2015; Leg./Det.: Z. Nikolov.

— Skopje: village Tekija, locality “Tekijski rid”, 373
m.a.s.l., 28.07.2020; N: 41959.850' E: 021940.638'.
Leg./Det.: Z. Nikolov.

The plants, collected from the locality “Tekijski
rid” (village Tekija), match the description of D. pallidi-
florus given by Seringe (1824), Boissier (1867), Shishkin
(1935), Tutin & Walters (1993). The flowers are domi-
nantly solitary (Fig. 1, a; Fig. 2, a,b), the corolla is white
above, greenish or rarely pale-pink below (Fig. 2, a,b,c),
calyx + cylindrical (Fig. 3, a), epicalyx scales that are

;?F
}
b

A~
—

sometimes with different length (Fig. 3, d,e), usually
reach the half of the calyx length (Fig. 3, b), rarely the
base of the calyx teeth (Fig. 3, c). The petals have tuft
of hairs at the base (Fig. 3, f).

Vital and numerous population of D. pallidiflorus
grows on dry grasslands (Fig. 4, a) with Paliurus spina-
christi Mill. and Quercus pubescens Willd. as well as on
former arable lands, following often the edges and the
middle line of black roads. The flowering period lasts
from the end of June to the end of August.

D. pallidifiorus is a new species for the flora of the
Republic of North Macedonia and “Tekijski rid” (village
Tekija) is so far, the only known locality (Fig. 4, b).

Micevski (1993), among the species of the genus
Dianthus recorded in the literature but not confirmed
during the researches for the Flora of the Republic of
North Macedonia, alleged Hayek’s data for D. aridus
Griseb. ex Janka (1924). Nevertheless, the match of
our plants with the diagnosis of Seringe (1824), Boissier
(1867), Shishkin (1935), Tutin & Walters (1993) allows
us, without any doubt, to stay confirm that the popula-
tion that grows on this locality belongs to D. pallidifio-
rus. The latest data from Greece (Zarkos, Christodou-
lou, Tan & Vold., 2018) that brought back D. aridus in
focus of interest, will surely initiate new researches in

d e f

Fig. 3. a) Calyx b) Calyx with epicalyx (c %) c) Calyx with epicalyx (c. 24) d,
e) Epicalyx (different length of outer and inner scales) f) Petal with tuft of hairs
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Fig. 4. Dianthus pallidiflorus Ser.
a) Locality “Tekijski rid” (village Tekija) b) Distribution map

order to justify or eventually dispute its status, as a
separate species.

This finding of D. pallidiflorus, in the eastern part of
Skopje valley (village Tekija), elongated the already
existed list of steppe species and enriched the flora of
the Republic of North Macedonia with one interesting
flora’s element, from the Russian steppes.
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Abstract:

This paper provides first data of the species Cucujus cinnaberinus in the Republic of North Macedonia
and Montenegro, with notes on its ecology and habitat preference. The material includes specimens

collected by four experts on separate field trips on three mountains on the south, east and west parts in

the Republic of North Macedonia, and in the central parts of Montenegro.

All of the records originate from mountain forested areas — four are from beech forests and two from

Molika pine forests. Three of the records include larval specimens while single adult specimen was found

in each of the remaining four localities.

The research suggests that the species inhabits broad-leaved forests and pine forests at higher alti-
tudes in investigated area, but the possibility of its presence in other habitats should be considered also.

These records of Cucujus cinnaberinus will contribute to the identification of Special Areas of Conser-

vation within the future Natura 2000 network in two countries.

Key words: Cucujus cinnaberinus, habitats, Montenegro, Republic of North Macedonia

Introduction

The establishment of the Natura 2000 network and
the transposition of the EU Bird and Habitats Directives
into national legislation are one of the key goals that
EU associate countries need to achieve in the process
of approaching the EU. Among tasks to be fulfilled is to
determine the presence, population status and distri-
bution of species of the community interest. For the
Republic of North Macedonia and Montenegro, as can-
didate countries for accession to EU, seven saproxylic
beetle species: Cerambyx cerdo Linnaeus, 1758,
Lucanus cervus (Linnaeus, 1758), Morimus funereus
Mulsant, 1862, Osmoderma eremita (Scopoli, 1763),
Rosalia alpina (Linnaeus, 1758), Buprestis splendens
Fabricius, 1775 and Cucujus cinnaberinus (Scopoli,
1763) are considered as priority in identification of

Natura 2000 sites and management of forests. These
species are tightly associated with the old-growth and
well preserved forests, and many of them are with lim-
ited abilities to colonise other types of habitats.

Among them, Cucujus cinnaberinus is found
throughout much of Europe but it is largely absent in
the south and west. The strongest populations are in
central Europe, expanding in central-eastern Europe
but declining in the surrounding areas (Nieto et al.
2010). Nieto et al. (2010) even considered that Cucujus
cinnaberinus may be extinct from the following coun-
tries: Bosnia and Herzegovina, Bulgaria, Croatia, Mon-
tenegro, Serbia, and Spain mainland. However, recent
publications confirm its presence in the following Bal-
kan countries: Albania, Bosnia and Herzegovina, Bulgar-
ia and Croatia (Guéorguiev et al. 2008; Kovacs et al.
2012; Sag et al. 2016; Kulijer & Miljevi¢ 2017).
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This European endemic is listed in the following
international legal instruments and agreements: Annex
Il and IV of the Habitats Directive; Appendix Il of the
Bern Convention and Appendix | of the Resolution 6 of
the Bern Convention; International Union for Conserva-
tion of Nature (IUCN) Red List of Threatened Species
with Near Threatened (NT) status on global level; as
well as European Red List of saproxylic beetles with
Near Threatened (NT) status. It was considered that
fragmentation and degradation of forests are main
factors causing the decrease of a long-term survival for
most saproxylic beetles, including C. cinnaberinus. As a
result of their stenotopic behavior, limited dispersal
ability and microhabitat specialization, it has been
listed as vulnerable (VU) (IUCN 2009), but many new
records suggest that this species is more common and
probably less threatened in Europe, or even going
through a phase of expansion (Mazzei et al. 2011), thus
the status is downlisted from Vulnerable to Near
Threatened. The species was listed as Not Evaluated in
the Red List of saproxylic mediterranean beetles
(Garcia et al. 2018), and its distribution in the Mediter-
ranean region was considered marginal with more than
25% of its global population occurring outside the re-
gion.

This paper provides first data about the presence
and distribution of Cucujus cinnaberinus in the Republic
of North Macedonia and Montenegro with notes on its
ecology and habitat preference.

Materials and methods:

The material includes specimens collected during
separate field trips on three mountains (Bukovik,
Malesh and Pelister) in the Republic of North Macedo-
nia and in ancient Black Pine Nature Reserve Crna Poda
in Montenegro.

The field trips carried out on Bukovik Mt. were in
the scope of the project ,Achieving Biodiversity Conser-
vation through Creation and Effective Management of
Protected Areas and Mainstreaming Biodiversity into
Land Use Planning”, implemented by the Macedonian
Ecological Society.

The research on Malesevski Mt. was conducted as
part of the project for Nature Conservation Programme
in Republic of North Macedonia — related to the im-
provement of the status of natural values of Bregalnica
region and defining areas of conservation importance -

Natura 2000, organized by Macedonian Ecological Soci-
ety and Farmahem.

The research carried out on Pelister Mt. was part of
the EU Twinning project ,Strengthening the capacities
for effective implementation of the acquis in the field
of nature protection”, led by the Finnish Environment
Institute.

Findings from the Nature Reserve Crna Poda, Dur-
mitor National Park were result of EU project
“Establishment of NATURA 2000 network - Montene-
gro “

Beetle fauna was collected manually with active
searching under bark of the dead tree trunks.

The material is deposited in the personal collection
of J. Mattila from Helsinki, Finland (specimens from
Pelister Mt.), and the National Collection of Inverte-
brates at the Institute of Biology, Faculty of Natural
Sciences and Mathematics in Skopje (specimens from
Maleshevo Mt. and Bukovik Mt.).

Research area:

Pelister Mt. (2601 m a.s.l.) is located in the south-
western part of Republic of North Macedonia. In 1948,
due to the special natural beauties, historical and scien-
tific significance of forest areas, part of Pelister Mt. was
declared as a National Park and covers an area of
17150 hectares. Forests of the Macedonian five-needle
pine - Molika Pinus peuce Griseb. are remarkable value
of the Pelister National Park. Beech Fagus sylvatica L.
forests are also dominant forest habitat on Pelister Mt.

Bukovik Mt. (1528 m a.s.l.) is situated in the west-
ern part of the country. This is a small mountain (98
km?) that borders with high mountains of Suva Gora,
Dobra Voda and Bistra. The mountain is dominated by
climazonal vegetation of mountain beech forest (as.
Calamintho grandiflorae-Fagetum Em), and is recog-
nized as core of corridor areas in the national ecological
network.

The Maleshevski Planini or Maleshevo Mt. (1748 m
a.s.l.) occupies the eastern part of Republic of North
Macedonia and comprise the upper watershed of the
Bregalnica River. Dominant forest vegetation is beech,
Black pine Pinus nigra J.F.Arnold and Scots pine Pinus
sylvestris L. forest.

Nature Reserve ,Crna Poda“ is part of the Durmitor
National Park in Montenegro. On the other hand, Dur-
mitor National Park is core zone of the Tara Biosphere
Reserve. Old-growth stand of European black pine for-
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est dominates the Reserve.

Results and discussion

The first records of very rare saproxylic beetle Cu-
cujus cinnaberinus from the territory of the Republic of
North Macedonia and Montenegro are presented.

Republic of North Macedonia

Records on Pelister Mountain:

Locality: Baba Mountain, Pelister National Park;
41.026693°, 21.181050°; 1610 m a.s.l.

Habitat: managed mountain forest dominated
by Molika pine Pinus peuce, near the road to Mt. Pe-
lister. This forest had very few dead trees, at least in
the vicinity of mountain road. The beetle was regis-
tered under the bark of dead standing Pinus peuce with
diameter approximately 40 cm. Most of the bark had
already fallen on the upper parts of the trunk and spec-
imen was found on the base of the tree, where there
was still some bark left. Tree was partially exposed to
sunlight.

Date: 16.5.2018

Collecting method: active searching

Material: 1 adult specimen

Leg. & det.: Jaakko Mattila

Figure 1. Molika pine forest on Pelister Mt. (photo
Jaakko Mattila)

Locality: Nizhepole, Pelister National Park;
40.978980°, 21.252964°; 1372 m a.s.l.

Habitat: close to alpine ski center in open landscape
with very few trees. Under the bark of dead standing

fire damaged Pinus peuce, diameter 15 cm. Tree was

completely exposed to sunlight. This particular trunk
was a real surprise, as it did not seem to be suitable
for Cucujus. It was already very dry and small diameter
of tree did not suggest that it could be habitat for this
species. Location was also open and only scarce grow-
ing small pine trees occurred there, while more dense
forests were nearby in the west of the mountain.

Date: 20.5.2018

Collecting method: active searching

Material: 1 fragment of dead adult specimen

Leg. & det.: Jaakko Mattila

Larvae were not recorded in Pelister National Park,
so it is not clear if specimens actually developed in Pi-
nus peuce trunks they were found. However, Pinus
peuce is the dominant tree species in both locations,
and as such, most probable larval host tree. More in-
vestigations are needed to confirm this host relation-
ship.

Records on Malesevski Mt.

Locality: Zamenicka River, Malesevski Mt.
41.657332°,22.912396°, 1005 m a.s.l.

Habitat: Beech forest near Zamenicka River, under a
bark of a fallen beech tree. The narrow riparian belt is
represented by old beech trees. The surrounding was
also mature beech forest without old trees. Cucujus
larva was found under bark of large beech stump.

Date: 15.07.2020

Collecting method: active searching

Material: 1 larval specimen

Leg. & det.: S. Hristovski and A.C. Gjorgjievska

Locality: Studena Voda, Malesevski Mt.,
41.693529°, 22.990575°, 1520 m a.s.l.

Habitat: The locality is a managed beech forest with
presence of some very old beech and aspen trees Pop-
ulus tremula L. (Fig. 2). There were a considerable num-
ber of dead trunks of beech and aspen. All of the larvae
were found on a fallen dead tree of aspen with a diam-
eter of approximately 40 cm.

Date: 16.07.2020

Collecting method: active searching

Material: adult and 21 larval specimens

Leg. & det.: S. Hristovski and A.C. Gjorgjievska

Notes: The adult specimen was missing its left
antenna.
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Figure 2. Studena Voda on Maleshevski Mt. (photo

Slavco Hristovski)

Locality: Strednjacka River, Malesevski Mt.,
41.700951°, 22.996936°, 1400 m a.s.l.

Habitat: A pile of beech trunks (several years old) in
a mountain meadow surrounded by a beech forest. The
beech forest was under intensive logging. The single
adult specimen was found under the bark of a fallen
beech tree next to the river.

Date: 16.07.2020

Collecting method: active searching

Material: 1 adult specimen

Leg. & det.: S. Hristovski and A.C. Gjorgjievska

Notes: The species was collected with other
saproxylic beetles (Sinodendron cylindricum (Linnaeus,
1758) - Lucanidae, Melasis buprestoides (Linnaeus,
1761) - Eucnemidae, Morimus funereus Mulsant, 1862
and Leptura quadrifasciata Linnaeus, 1758 — Ceramby-
cidae). All of these specimens of other species were
collected by air-traps placed on logs.

Records on Bukovik Mt.:

Locality: Bukovik Mt.; 41.672171°, 20.877628°; 1360
m a.s.l.

Habitat: Old-growth beech forest. The forest was
intensively logged during the field research. The adult
specimen was found on a fallen beech tree with a di-
ameter of approximately 60 cm.

Date: 11.07.2020

Collecting method: active searching

Material: 1 adult specimen

Leg. & det.: S. Hristovski

Notes: The specimen was missing its left metatibia.

Montenegro
Records from Crna Poda:

Locality: Crna_Poda, Mojkovac, Montenegro;
43.0086903°, 19.4233063°; 883,74 m a.s.l.

Habitat: Under the bark of couple of large fallen

trunks of Black pine Pinus nigra diameter over 50 cm.
This forest stand was rather open and sun exposed. It
had suffered from the forest fire, which had killed sev-
eral trees.

Date: 7.05.2017

Collecting method: active searching

Material: several larvae and few pupae

Leg. & det.: Jaakko Mattila, Tapio Kujala and Petri
Ahlroth, photographed by Tapio Kujala.

This paper presents the first confirmed records of
the species Cucujus cinnaberinus from the Republic of
North Macedonia and Montenegro. In the Republic of
North Macedonia it was found on three mountains on
the south, east and west parts (Fig. 3). The record from
Montenegro is situated in the central parts of the coun-
try (Fig. 4).

All of the records are from mountain forested areas
— four are from beech forests and two from Molika
pine forests. Three of the records are based on larval
specimens while single adult specimen was found in
each of the remaining four localities (Fig. 5).

The species prefers broad-leaved forests and pine
forests at higher altitudes, but the possibility of its
presence in a riverine willow and poplar forests in low-
land areas should be considered as well.

In the Republic of North Macedonia and Montene-
gro this species was registered in localities with high
ecological importance. All of them are Nature Reserve,
nationally protected areas (or proposed for protection),
proposed Emerald sites, Important Plant Areas
(Brajanoska et al. 2009), etc. We hope that the present-
ed records of Cucujus cinnaberinus will also contribute
to the identification of Special Areas of Conservation
within the future Natura 2000 network in both coun-
tries.
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Figure 3. Distribution of Cucujus cinnaberinus in the
Republic of North Macedonia (1. Pelister National Park,
Pelister Mt., 2. Pelister National Park, Nizhepole,

3. Malesevski Mt., Zamenicka River, 4. Malesevski Mt.,
Studena Voda, 5. Malesevski Mt., Strednjacka River,
6. Bukovik Mt.)

Figure 4. Distribution of Cucujus cinnaberinus in
Montenegro

Figure 5. Cucujus cinnaberinus larva from Studena Voda, Maleshevo Mt., photo Slav¢o Hristovski (right) and ima-
go from Pelister Mt., photo Olli Pihlajamaa (left)
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Abstract

This paper summarizes published records contributing to our knowledge regarding the Ephemeroptera
fauna from the territory of the Republic of North Macedonia. Based on this comprehensive review the
recent mayflies’ fauna of North Macedonia consists of 80 species that belongs to 20 subgenera, 28 gene-
ra and 15 families. As the presence of two of those species (Palingenia longicauda (Olivier, 1791) and
Neoephemera maxima (Joly, 1870)) is doubtful, we could assume that the more accurate number of spe-
cies is 78. A further increase in the number of recorded species could be expected, as some taxa
(Ecdyonurus and Rhithrogena, for example) are insufficiently studied at the moment

Key words: Ephemeroptera, review of literature, nomenclature, taxonomy.

Introduction

The earliest known reference of the ephemeropter-
an fauna from the territory of North Macedonia dates
back from 100 years ago and is attributed to Ulmer
(1920), who mentioned the first mayfly record, the
adult form of Neoephemera maxima (Joly, 1870). Samal
(1935) studding the mayfly larvae stated 12 more spe-
cies, including description of one new species, so by the
end of 1940's a total of 14 mayfly species were known
(lkonomov, 1951). The most significant breakthrough
considering mayflies’ taxonomy and diversity from the
region came with Ikonomov (1951; 1953; 1954a,b,c;
1958; 1960; 1961a,b,c; 1962a,b,c,d; 1963a,b; 1964;
1970). During his extensive research lkonomov noted a
total of 55 species and 4 subspecies (lkonomov 1960).
(Baetis (Baetis)
meridionalis lkonomov, 1954, B. (B.) vardarensis

From that number 9 species

Ikonomov, 1962, B. (B.) kozufensis lkonomov, 1962,
Centroptilum pirinense |lkonomov 1962, Electrogena

mazedonica (Ikonomov, 1954), Choroterpes
(Euthraulus) balcanica (lkonomov 1961),
Paraleptophlebia lacustris Ikonomov, 1962,

Ephemerella maculocaudata (lkonomov, 1961), and
Caenis strugaensis lkonomov, 1961) were previously

unknown, thus being described for the first time by
lkonomov (lkonomov 1954b,c; 1961a,b,c; 1962c,d;
1963a). The complete check list of species recorded by
lkonomov, with the valid (updated) taxonomy (based
on Bauernfeind and Soldan 2012), is presented in Ta-
ble 1.

By the end of 1970's the mayfly fauna is enriched by
5 species (Ecdyonurus (Helvetoraeticus) zelleri (Eaton,
1885), E. (Ecdyonurus) aurantiacus (Burmeister, 1839),
E. (E.) dispar (Curtis, 1834), Baetis (Baetis) lutheri Ml-
ler-Liebenau, 1967, Siphlonurus (Siphlonurus) armatus
(Eaton, 1870)) (Puthz 1980). More than 20 years later,
6 more species (Paraleptophlebia ruffoi Biancheri,
1956, Baetis (B.) melanonyx (Pictet, 1843), Ecdyonurus
(H.) picteti (Meyer-Diir, 1864), Rhithrogena savoiensis
Alba-Tercedor & Sowa, 1987, Rh. gr. hybrida Eaton,
1885, Rh. braaschi Jacob, 1974) were added to the
mayfly fauna of North Macedonia (Tanasijevi¢ 1981;
Vidinova 1998; Memeti et al. 1999). Most recently,
(2003) note the first
(Labiobaetis) balcanicus Miller-Liebenau & Soldan,
1981, Bauernfeind and Soldan (2012) enriched with
another three species (Metreletus balcanicus (Ulmer,
1920), Paraleptophlebia cincta (Retzius, 1783), P.
werneri Ulmer, 1920) and Slavevska-Stamenkovi¢ et al.

Jacob record of Baetis
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Table 1. List of Ephemeropteran species described and reported by Ikonomov (1959), and corrected valid names

according Bauernfeind and Soldan (2012).

Old name

Valid name

Ameletus inopinatus
Siphlonurus aestivalis
Pseudocloeon hyalopterum
Baetis carpatica

Baetis venustulus

Baetis bioculatus

Baetis meridionalis

Baetis vardarensis n. sp.
Baetis kozufensis n. sp.
Baetis tenax

Baetis vernus

Baetis tricolor
Pseudocentroptillum sp. strugaensis
Baetis pumilus

Baetis niger

Baetis rhodani
Centroptilum luteolum
Centroptilym pirinense n. sp.
Cloeon dipterum

Cloeon praetextum
Centroptiloides ambigua
Procleon lychnidensis
Isonychia ignota
Oligoneuriella poecile
Oligoneuriella rhenana
Ecdyonurus insignis
*Ecdyonurus flumminum
Ecdyonurus venosus
Ecdyonurus epeorides
Heptagenia trimaculata
Heptagenia macedonican. sp.
Heptagenia coerulans
Heptagenia flavipes
Epeorus assimilis

Iron yougoslavicus

Rhithrogena aurantiaca

Ameletus inopinatus Eaton, 1887

Siphlonurus (Siphlonurus) aestivalis (Eaton, 1903)
Baetis (Acentrella) hyalopterum (Bogoescu, 1951)
Baetis (Baetis) alpinus (Pictet, 1843)

Baetis (B.) fuscatus (Linnaeus, 1761)

Baetis (B.) fuscatus (Linnaeus, 1761)

Baetis (B.) meridionalis Ilkonomov, 1954

Baetis (B.) vardarensis lkonomov, 1962

Baetis (B.) kozufensis lkonomov, 1962

Baetis (B.) vernus Curtis, 1834

Baetis (B.) vernus Curtis, 1834

Baetis (Labiobaetis) tricolor Tshernova, 1928
Baetis (Nigrobaetis) digitatus Bengtsson, 1912
Baetis (N.) muticus (Linnaeus, 1758)

Baetis (N.) niger (Linnaeus, 1761)

Baetis (Rhodobaetis) rhodani (Pictet, 1843)
Centroptilum luteolum (Miiller, 1776)
Centroptilum pirinense lkonomov 1962

Cloeon (Cloeon) dipterum (Linnaeus, 1761)

Cloeon (Similicloeon) praetextum Bengtsson, 1914
Cloeon (S.) simile Eaton, 1870

Procloeon (Procloeon) bifidum (Bengtsson, 1912)
Isonychia (Isonychia) ignota (Walker, 1853)
Oligoneuriella pallida (Hagen, 1855)
Oligoneuriella rhenana (Imhoff, 1852)

Ecdyonurus (Ecdyonurus) insignis (Eaton, 1870)
Ecdyonurus (E.) submontanus Landa, 1969
Ecdyonurus (E.) venosus (Fabricius, 1775)
Ecdyonurus (Helvetoraeticus) epeorides Demoulin, 1955
Electrogena affinis (Eaton, 1887)

Electrogena mazedonica (lkonomov, 1954)
Heptagenia (Dacnogenia) coerulans Rostock, 1878
Heptagenia (Heptagenia) longicauda (Stephens, 1836)
Epeorus (Epeorus) assimilis Eaton, 1885

Epeorus (Ironopsis) yougoslavicus (Samal, 1935)

Rhithrogena diaphana species group.
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Rhithrogena semicolorata
Euthraulus balcanicus
Habroleptoides robusta
Habroleptides modesta
Habrophlebia konjarensis

Habrophlebia lauta

Paraleptophlebia lacustris n. sp.

Paraleptophlebia submarginata
Ephemera lineata

Ephemera hellenica

Palingenia longicauda
Polymitarcis virgo
Potamanthus luteus
Ephemerella ignita

Ephemerella maculocaudata

Chitonophora sp. nympha unicolorata

Ephemerella notata
Ephemerella spinosa n. sp.
Torleya major

Caenis macrura

Orelanthus macedonicus

Rhithrogena semicolorata (Curtis, 1834)
Choroterpes (Euthraulus) balcanica (lkonomov, 1961)
Habroleptoides confusa Sartori & Jacob, 1986
Habroleptoides confusa Sartori & Jacob, 1986
Habrophlebia fusca (Curtis, 1834)

Habrophlebia lauta Eaton, 1884
**Pparaleptophlebia lacustris lkonomov, 1962
Paraleptophlebia submarginata (Stephens, 1836)
Ephemera (Ephemera) lineata Eaton, 1870
Ephemera (E.) hellenica Demoulin, 1955
Palingenia longicauda (Olivier, 1791)

Ephoron virgo (Olivier, 1791)

Potamanthus luteus (Linnaeus, 1767)
Ephemerella ignita (Poda, 1761)

Ephemerella maculocaudata (lkonomov, 1961)
Ephemerella mucronata (Bengtsson, 1909)
Ephemerella notata Eaton, 1887

Serratella ikonomovi (Puthz, 1971)

Torleya major (Klapalek, 1905)

Caenis macrura Stephens, 1835

Caenis horaria (Linnaeus, 1758)

Caenis lycnidensis

Prosopistoma foliaceum

Caenis strugaensis lkonomov, 1961

Prosopistoma pennigerum (Miiller, 1785)

Legend: *According to illustrations provided by Ikonomov (1959), the Ecdyonurus flumminum resembles most the

Ecdyonurus (E.) submontanus description; **According to Bauernfeind and Soldan (2012) Paraleptophlebia lacustris

is omitted from species list, amplifying on misidentification (listed as synonym of Paraleptophlebia cincta (Retzuis,

1783)). In Fauna Europaea taxa list this species exist as species so far known from 2 countries (Belfiore and Thomas,

2013, https://fauna-eu.org).

(2016) confirmed the presence of Caenis
pseudorivulorum Keffermiiller, 1960. The full relevant
taxa records are listed in Table 2, where summarizes all
available literature sources.

The newest relevant publications include the report
of M. balcanicus (larva and imago) (Rimcheska and
Vidinova 2018) and partial contribution with Ephemer-
optera records concerning some streams from Ohrid
Lake watershed is given in Trajanovski et al. (2019).

Presolska (2014) explained why the misidentifica-
tion (Table 2) of the Epeorus sylvicola records from
some Balkan countries occur, as pointing out on the
proposed synonym, E. sylvicolus (Pictet) for two differ-

ent species (E. assimilis Eaton, 1885 and E. sylvicolus
(Pictet, 1865)) proposed by Puthz (1973), and as later
stated by Thomas et al. (2000) this proposed synonym
mentioned by numerous European specialist is not val-
id. Furthermore, Presolska (2014) also revised the ma-
terial from her institutional collection and confirmed
that these materials belong to E. assimilis species. In
addition to this finding also all collections of the recent
larval materials from different sites from territory of
North Macedonia refer to E. assimilis (Rimcheska, Vidi-
nova, unpublished data). Thereafter, all the mentions
(Puthz 1980; Memeti et al. 1999) of E. sylvicola for the
territory of North Macedonia are not valid as well
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Ephemerella notata Eaton, 1887
Serratella ikonomovi (Puthz, 1971)

Torleya major (Klapalek, 1905)

Caenis horaria (Linnaeus, 1758)

Caenis macrura Stephens, 1835

Caenis pseudorivulorum Keffermiiller, 1960

Caenis strugaensis lkonomov, 1961

Neoephemera maxima (Joly, 1870)

Prosopistoma pennigerum (Miiller, 1785)

(Table 2). These doubts are mention and by
Bauernfeind and Soldan (2012) where besides Epeorus
(Epeorus) sylvicola and Baetis (Rhodobaetis) gemellus
are subject of misidentification. Concerning reported
misidentification  of  Paraleptophlebia  lacustris
(proposed as synonym of P. cincta) in Bauernfeind and
Soldan (2012) in this review will be listed as a relevant
species (lkonomov 1960) as long as the comparison
between the available material from southern Balkan
and central Europe will be proceeded for further ana-
lyzes. Besides this two misidentified species, in the
book of Mayflies, Bauernfeind and Soldan (2012) ampli-
fy that the previously recorded mayfly species
Neoephemera maxima and Palingenia longicauda,
nowadays are listed as extinct species from North Mac-
edonia. In that order can be concluded that the current
recorded taxa are down to 78 existing species (Table 2).

The presence of Rhithrogena gorganica
Klapalek, 1907 (Belfiore and Thomas, 2013, https://
fauna-eu.org.) should be discussed further. Most likely
this record has been taken from Samal (1935) and it
could be a subject of misidentification, because this
species is endemic, and probably restricted to Carpathi-
an Mountains (Bauernfeind and Soldan 2012). In addi-
tion to these misidentifications, Ikonomov (1970) stat-
ed, he visited all sites listed in Samal (1935, 1939), and
40 years later he confirmed the presence/or correct
determination of only 9 species from previously report-
ed 13 by Samal (Table 2). The published records of
Rhithrogena goeldlini Sartori & Sowa 1988 (gr.
diaphana), Rh. degrangei Sowa 1969, Rh.
gratianopolitana Sowa, Degrange & Sartori 1986 and
Rh. hercynia Landa 1969 (gr. hybrida) (Vidinova 1998),
due to doubtful presence of recorded Rhithrogena spe-
cies in the region (Bauernfeind and Soldan 2012) will be
re-evaluated and revised further (Vidinova pers.
comm.).

In the near future an extensive research focus-
ing on Ephemeroptera fauna is needed in order to pro-
vide a more relevant data, and to clarify noted contro-
versies. A further increase in the number of recorded
species could be expected, as some taxa (Ecdyonurus
and Rhithrogena, for example) are insufficiently studied
at the moment. Providing more accurate knowledge on
the diversity and presence of mayflies in North Mace-
donia is significant because many of those species are
valuable indicators for water quality, and should be
included in all competent hydroecological studies of its
habitats.
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