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The bryophyte flora in the settlement Selina and the surrounding area (western Istria) was
surveyed during the vegetation season of 2014. Altogether 66 mosses and 6 liverworts were recorded.
Phytogeographically, the most abundant species are of the temperate zonobiome, i.e. circumpolar
species, with respect to eastern limit categories. Analysis of bryophyte flora through habitat types
shows that the highest species richness occurs by shaded rocks and in crevices, while the lowest
richness occurs on arable land and occasionally the flooded banks of ponds. Regarding species
composition, habitat types are clustered in four basic groups. Based on Ellenberg’s ecological indicator
values for light, moisture, reaction of substrate and amount of nutrients, the differences between
bryophyte floras of different habitats are explained using methods of descriptive and multivariate
statistics.

Key words: mosses, liverworts, biogeographical elements, habitats, ecological indicator values

Babi¢, D. & Alegro, A.: Flora mahovina na podrucju naselja Selina (Istra, Hrvatska). at. Croat.
Vol. 28, No. 1., 73-88, 2019, Zagreb.

Flora mahovina istrazivana je na podrucju naselja Selina i okolici (zapadna Istra) tokom vegetacijske
sezone 2014. Ukupno je zabiljezeno 66 vrsta pravih mahovina i 6 vrsta jetrenjaca. Fitogeografski,
najbrojnije su vrste umjerenih zonobioma, odnosno cirkumpolarne vrste s obzirom na istonu
granicu areala. Analiza vrsta prema staniStima ukazala je na najvece bogatstvo vrsta na zasjenjenim
stijenama i pukotinama stijena, dok najmanje bogatstvo vrsta imaju obradive povrsine i povremeno
plavljene obale lokvi. S obzirom na sastav vrsta staniSta su se grupirala u cetiri skupine. Na temelju
Ellenbergovih ekoloskih indikatorskih vrijednosti za svjetlost, vlagu, reakciju tla i koli¢inu hranjivih
tvari objaSnjene su razlike u flori razli¢itih staniSta metodama deskriptivne i multivarijatne statistike.

Kljuéne rijeci: prave mahovine, jetrenjace, biogeografski elementi, stanista, ekoloSke indikatorske
vrijednosti

INTRODUCTION

Bryological investigations in Istria have a long, but sporadic history, starting at
the beginning of the 19" century (Horpe & Hornschun, 1817-18) and continuing
through the century (Host, 1831; RaBENHORsT, 1844-53; SENDTNER, 1857; WEIss,
1866, 1867; Tommasini in FReYN, 1877; Sorra, 1891; and Kern, 1896), although
some of the cited authors quoted very low number of species. A very fruitful
period for bryological research was the beginning of the 20™ century, when a
significant number of papers were published (Growacki, 1902; LOITLESBERGER,
1905, 1909; MarouscHek, 1900, 1901, 1904, 1905). The most important researchers
of this period were ScuiFrNER (1909, 1915) and ]. Baumgartner. The latter collected
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a huge amount of herbarium material but did not publish the data; therefore, these
data are scattered throughout the papers of other authors (e.g. Onno, 1948) or still
unpublished. Pavieri¢ (1955) summarised all the available bryological data of
the whole of the former Yugoslavia and his work became an important source of
historical data for Istria as well. Unfortunately, after this work, bryological research
in Istria almost completely ceased. The only further published notes are those
from BiscHLER & JovET-AsT (1973) who reported some findings of liverworts, DULL
(1999) who reported findings from several field trips, and PEriciN & HORLIMAN
(2001) who published the microdistribution of bryophytes in one karst doline.
More popularly, BErRG in ROTTENSTEINER (2018) quoted the commonest bryophyte
species through the different habitat types. Hence, our research is one of the first
detailed bryological surveys in Istria after many decades.

The objectives of this research were to collect herbarium material and use it as
a basis to create a complete list of bryophyte flora in the settlement of Selina. This
list was then used to perform a phytogeographic analysis of the flora, to analyse
the flora according to the occupied habitat, and to perform an ecological analysis
based on Ellenberg’s ecological indicator values.

Study area

Selina (240 m a.s.l.) is a settlement situated in the western part of Istria, 4 km
northwest from the head of Lim Channel between the towns Poreé¢, Pazin and
Rovinj (Fig. 1). The geological bedrock belongs to Lower Cretaceous limestones
with small intrusions of breccia, dolomite and feldspars covered mostly by terra
rossa (POL3AK & S1ki¢, 1969, 1975). The relief is rolling and covered with numerous
karst dolines. According Kdppen’s climate classification and in line with the
geographic distribution of climate types in Croatia, the predominant climate in
Selina is Cfb — a moderate, warm, moist climate with warm summers (FiLip¢ic,
1998). The mean annual temperature in neighbouring towns is 13.4 °C in Rovinj
(13 km to the SW), and 11.3 °C in Pazin (16 km to the NE), and the annual amount
of precipitation is 811.5 mm in Rovinj and 1086.4 mm in Pazin for the climatic
period 1961-1990 (Zaninovic et al., 2008). Phytogeographically, Selina belongs to
the sub-Mediterranean zone of the Mediterranean region (Nixori¢ & Tor1¢, 2005)
characterised by thermophilic downy oak forests (Quercetea pubescentis Doing-
Kraft ex Scamoni et Passarge 1959) represented by the association with eastern
hornbeam (Carpinus orientalis Mill.), Querco pubescenti-Carpinetum orientalis
Horvati¢ 1939, characteristic for the lower Submediterranean belt (Vukeric, 2012).
In the area of Selina however, this community is rarely present as a fully developed
forest due to long-term anthropogenic influence. Instead, formations of coppiced
woodland and scrubland belonging to the same association are more commonly
present in the landscape. The grasslands of the area are seminatural, belonging
to the Amphiadriatic dry steppic sub-Mediterranean grasslands of the Prealpine,
Illyrian and Dinaric regions (Scorzoneretalia villosae Kovacevi¢ 1959), represented
by meadows (Scorzonerion villosae Horvati¢ ex Kovacevic¢ 1959) and rocky pastures
(Chrysopogono grylli-Koelerion splendentis Horvati¢ 1973 and Saturejion subspicatae
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Tomié-Stankovic¢ 1970) HorvAT et. al., 1974; SuGAR, 1984; KALIGARIC, 1997; TERZI,
2011; Mucina et al., 2016; Skvorc et al., 2017). Apart from these main vegetation
formations however, many other habitats like arable fields, vineyards, olive-
groves, orchards, paths, ponds, rocks, stone-pits, dolines and drystone walls are
present in the area.
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Fig. 1. Area of research: position of the settlement of Selina in Istria.

MATERIALS AND METHODS

Field research into bryophyte flora was carried out during the vegetation
season 2014, from May to September. Multiple visits of all habitat types were
carried out to record bryophyte species and their distribution (Tab. 1, Fig. 2). All
species were collected and herbarized for subsequent identification. Standard
determination keys and iconographies were used to identify the species: ATHERTON
et al. (2010), Fraum & Frey (2004), Frey et al. (2006), Smita (1990), SmrtH (2004),
IenaTov & IenaTOvA (2003-2004), MAater (2009), Casas et al. (2006), GUERRA et al.
(2006), ERZBERGER & SCHRODER (2013) and LitH (2006-2011). The nomenclature of
bryophytes was aligned with Ros et al. (2007, 2013).

The system of biogeographic elements (floristic elements or geoelements)
groups the taxa according to the similarity of their distribution ranges. In this
paper, each taxon is associated with the category of floristic elements according
to Hirw ef al. (2007), composed of distribution type regarding major biomes and
eastern limit categories.

For each taxon, the associated habitat type was also recorded. The habitat types
were grouped as follows: forest (including scrubland) ground and dead wood
(stl), grasslands (st2), arable fields (st3), ruderal habitats (st4), rocks exposed to
sunlight and rock crevices (st5), shaded rocks and rock crevices (st6), epiphytes on
trees (st7), artificial substrata (st8) and periodically flooded banks of ponds (st9).
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Furthermore, Ellenberg’s indicator values (Hiiv et al., 2007) for light (L),
moisture (F), environmental acidity (R) and nitrogen or general fertility (N) were
assigned to each taxon.

To compare different habitat types regarding the composition of bryophyte
flora, cluster analysis with the UPGMA (unweighted pair group method with
arithmetic mean) clustering method was performed. Statistical significance
of branchings in the dendrogram was tested using Simproff test with 100
permutations. NMDS analysis (non metric multidimensional scaling) with
passively projected vectors representing ecological indicator values was used to
explain ecological requirements of species through habitats. In both analyses, the
Bray-Curtis index of similarity was used.

Cluster analysis was performed using the program package Primer 6.0 (CLARKE
& GorLey, 2006) while NMDS was performed using NMDS in PcOrd 6.0 (McCune
etal., 2011).

Tab. 1. Geographical position of collecting sites.

Locality of collection ¢ A
1 | Courtyard in the settlement 45.15705 13.77165
2 | Courtyard in the settlement 45.15796 13.77379
3 | Scrublands dominated by Juniperus oxycedrus 45.15986 13.77767
4 | Grassland 45.16197 13.78296
5 | Forest of Quercus pubescens 45.16428 13.78307
6 | Drystone wall and rocks along a pathway 45.16484 13.78428
7 | Edges of a macadam pathway 45.16006 13.77712
8 | Macadam pathway 45.16537 13.76449
9 | Klaina Pond 45.14760 13.76486
10 | Juralska Pond 45.14000 13.76804
11 | Low forest dominated by Carpinus orientalis 45.14153 13.78209
12 | Low forest dominated by Carpinus orientalis 45.13652 13.79873
13 | Top of a rock exposed to sunlight 45.13600 13.79812
14 | Stone pit 45.15260 13.78033
15 | Macadam pathway 45.15408 13.77327
16 | Remnants of drystone wall on the edge of scrubland 45.15247 13.77418
17 | Rocks exposed to sunlight and a former fire site 45.15393 13.77702
18 | Arable field on the bottom of a doline 45.15370 13.77811
19 | Grassland 45.15034 13.77976
20 | Drystone wall between arable field and grassland 45.15004 13.77549
21 | Remnants of drystone wall between arable field and forest 45.15047 13.77519
22 | Arable field 45.14962 13.77354
23 | Plantation of Pinus halepensis and P. nigra 45.15601 13.77339
24 | Scrubland of Quercus pubescens 45.16407 13.76577
25 | Doline on the edge of scrub 45.15521 13.77168
26 | Site of a forest fire in a low stand of Quercus pubescens 45.14551 13.77780
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Fig. 2. Area of research: position of localities where bryophytes were collected.

RESULTS

This study in the area of Selina resulted in the finding of a total of 72 bryophytes,
out of which 66 were mosses and 6 liverworts (Tab. 2).

The recorded taxa, depending on their distribution ranges according to main
biomes, were grouped into eight main groups of floristic elements (Fig. 3). The
highest number of taxa belong to the temperate element (25%), i.e. to the biome
of broadleaf forest zone, followed by the species of the boreo-temperate and
the Mediterranean-Atlantic element (19.12% each). The presence of southern
temperate (16.18%) and wide-temperate (14.71%) elements is also significant,
while the species of wide-boreal, boreal-montane and boreo-arctic element are
present with low percentages. Though these percentages are low, the presence of
these plants is important for the phytogeographic characterisation of the study
area.

In the spectrum of distribution ranges regarding eastern limit categories (Fig.
4), the circumpolar element prevails (42.65%), encompassing species with a broad
area of distribution through extratropic parts of the Northern Hemisphere. The
second most represented element is European (33.82%), followed by suboceanic
(13.24%) and oceanic (5.88%) elements. Eurosiberian and Eurasian elements are
represented sporadically, with two and one species respectively.



Babi¢, D. & Alegro, A.: Bryophyte flora of the area of the settlement of Selina...

78

YCI1e + I / SeUSPaL] (WOYAN 29 “mpuni)) wnaivdpwo wnjjiydoiAiduw))
¥ 8101 + + + 9 Z N[$207] ("Mpay) vyrpidsno vjjauo8ial]w)
L1 + 4 6 ‘prag wnsopnoipv.l wnfig
6 + 9 [ Kesurey] ] 'H 39 duadg "y [ (‘Mpay) wnanbiiopnasd winhig
6 + ¢ 9 “MPIH wnuiojoyo1p wnhig
9C 1T LT F1 1 + + + 9 € *MPIY] winajuadiy wnhig
‘GTETBTITLILE T T + + + + + + + [ VA dwiryog (-Mpay) wnnquint wnwayAyovig
1CSI9L8'T + + 9 9 “MPOY] vjunIInSun vjngivg
4 8 + + 9 S I0[Ae] 19 OOH] (‘MPIL]) S1S0NI1j10 UOPOUIOUT,
Tt + + + 9 S -dwiryog (-mpay) suadias wniSapshiquiy
GTTL 1L + + + ¢ S Jpuend) ' 12 yro1uy ‘uoss|O ‘S (‘Mpay) vpvuv]duiod vjjaiualry
ejfydofig
[orA /A A A oIS + + + 9 S yrowm] () vjpuvjdiiod vinpuy
2 + + 91 s ‘gro3d (1) viifydhywid vijasoq
1L + + [ [ rown(] () eyedany e8I
48 + el s “qpur] (qayg) vyofiand vaunalog
GTeTTL IS + + S 8 yrowm(] () v3vgupp viuv|Nig
[rara s + + b4 6 UGG (‘TeSSBIN *D) UpIHIsso. vaunalajojo)
ejfydonueyprepy
65| SIS| LS| S| QS| ¥S| €S| As| WS | cH| 14
SINI[ed0] sodfy 1enqey i wﬂﬂﬂw sopads

‘T "qeL, Ym puodsariod sanIfedo] Jo sraquinu eurpiQ ‘(61s) spuod jo ssueq papooyy

Aqreorporrad pue (g)s) eyensqns renynre ‘(£s) seax uo sajfydids (93s) sad1aaId D01 pue SYO0I papeys ‘(GIS) SIIAID }0I pue JY3Iuns 0} pasodxa syoox
‘($3s) syeyrqey [e1apni “(¢1s) sp[oy a[qelte (7is) spuesserd (11s) poom peap pue punoid (qnids Surpniur) 3910y — sad Ay yejrqep] /(9) reodwmnoin (g) uerseinyg
(%) uerraqrsoiny “(¢) ueadoinyg “(g) orueadoqns ‘(T) drueado :gq ‘() dNueRy-ULsurLIIPIA “(g) arerodwa)-urayinos ‘(z) ajeradwsay (9) ajeradwal-apim “(g)
reradwa]-09104 ‘(F) urjUOW-TeaI0q “(€) [22I0q SPIM “(Z) SUBIUOW dTJOIe-0310q TH — sjuawa[d do1nyder3oadorg eurag jo erofy a14ydoAiq ayj Jo 1SIPaYD T "qelL




79

Nat. Croat. Vol 28(1), 2019

1 + ¢ 8 “PLIg X2 "PeIYDG wnupydyp wnydLoyii0

ST + i A “PLIg X "WOL] wnjvndno wnyoLgoyii0

€C0TLLITE T + + ¢ 9 *MPIL] UNJIUOUD WNYILIFOYILO)

1 9 9 “pLIgIUNI0§02] "TeA *MPIL] dwirofissardnd wnud Apy

i4 + 9 9 *PLIGUINSOUNIV] "TeA *MPIY] auti0fissaidnd wnudApy

GTYTCTOLIOL FLTCLIL LSVl + + + + 9 9 auLi0f1ssa.dnd “1eA *MpaL] auLiofissaidn wnudhpy
GTET6L LI T II ey e T T + + i 8 -dwiypg (-Mpap) wnaotias wnioaLyjouIior]
€1’ + + “dwrryog (sonadg) wnuvaddiyd wimnidayjouory

€T61'STI8°LE + + + + ¢ 8 *qoy "H ("MPaL) Suaosapn] wnioayjojuior]

0T’e’T + 9 8 ‘wig (‘mpay) vyvuiand v

9T 8T L1 ¥1 1 + + 9 9 “MPOH vaLau048AY pLvUN]

[4) + 9 9 "qQUBIUEA ("UOUR X9 *MG) SHINpLILG SUIPISSL]

yT6L LS + + ¢ 8 *MPSL] $M1[0f1xv} SUIPISSL]

9 + + ¢ A -dwnyog (‘mpayy) wngprys wniyoufiying

T 9 A ‘MpaY suwSna vjdhoug

01’6 9 q Jsurepp ("MpaL]) snounpy snpujoouvdai]

1 + z 6 auSora( (‘NIA) snsonuis uopowhApi

1 T 6 “YOSUIOL] SnpLin] uopouhApi(J

$CSL P18 T + + 9 8 ojtes Y (‘pug) snynov uopouhipiq

SLYL'8 + + 9 [} dwiryog ("Mpay) vLiwa vjjaupidLg

(4> + + [ [} PN ((MPSH) wnosnjjou wnipiuaj))

Jerd 4 6 IYOIN " ("MPaH) vjjvuiotazay vavydhiD

SOUI[Ed0] sad £y yeyqey -w”mww saads

"I "qel, M puodsarrod sanIfeso] Jo sraquunu eurpiQ “(61s) spuod jo ssyueq papooyy

Aqreorporrad pue (g1s) ejensqns [epynIe ‘(£3s) seaxy uo safydida “(91s) sad1A91D 001 pue SOOI papeys “(GIS) SAdIAId D0l pue JYIIuns 03 pasodxa syoor
(13S) syeyrqey [eropnir /(g1s) spley a[qere ‘(zis) spue[sseid (13s) poom peap pue punoid (qnus urpnpur) 3sa103 — sad £y yeyrqer] (9) refodwmoin (g) uerseiny
‘(%) uerraqrsoinyg ‘(¢) ueadoinyg “(g) oruesdoqns ‘(1) d1UeADO :7q ‘(6) dNULIY-ULURLINIPIA “(g) dreradwal-utayinos ‘() ayeraduray /(9) areradwal-apim “(g)
9yeradwa)-09104 “(F) SurjUOW-[LI0] “(€) [2dI0] IPIM “(Z) dURIUOW DTJOIL-0910( :TH — sjudwdfd dryderdoadorg eurfag jo erofy aAydoLiq ayj Jo ISIPAYD T "qeL




Babi¢, D. & Alegro, A.: Bryophyte flora of the area of the settlement of Selina...

1 + [ 8 worg "H "H wnidisspio wnipysiyos

A + 9 9 susdsauuniq ‘dsqns “xdwir suaosauunLg wnipysiyos

z ¢ VA ‘dwmnyg (-Mpay) appaniu winiSajsoyouliyy

“dwryog

STHTCTOL L FL QS FTC€CT + + + + + Z 6 | (IUOIA " 10 19GIM “ Xo mopuelgq) wnuvjrjodvSaut winiSajsoyouhiyy
€TIIe'e 1 + [ VA “dwryog ('s3p1Q) wingafuod wni8ajsoyouhiny
GT'eTTL T + + 4 6 adwary (s3p1Q) vyjauay vyja8ajsoyouhiny

S I 6 “zdwr (30N 2Q) 240 vjjrSassorouhinpy

e + 1 6 adwr (‘prag) vasiaand vjjar8ajsoyouhiy

L1°STT + + ¢ / uasIaPa ] “N 19 YeoA[OH (‘BN Suaqn.L wnuiojsoydhiy g

uasIaP] "N

61 9 S 19 ROA[OL] (‘TeH "TITIA) Wn njpoLIquil wnuiojsoyohij g

1 9 S UISIOPA "N 19 NLOA[OH ("MPaH) a4vjjidvo winuiojsoyohy g

€C6LILLS e + + + ¢ / Yos1aL ‘N (‘mpay) wnand wnipodoappsopnas g
L1°T + -ds myoq

61 + -ds vijioq

L. + + ¢ / -doy] [ "1 (‘MPaY) wngunpun wniuuorSq
FTECTLI1LS e + + S YA +doy[ [ I, (pung xo mopuelq) auylfy wniuuorv]J
YLCL1 + + 9 A s007 (-MpaL]) suvty wniypuhyLiAxQ

YCecs 1 + + -ds wnyorgoyzi0O

1 + ¢ S "prIg Xa yonig suajjyd wnyoLoyiLO

SanI[EI0] sad£j jenqey -M.Mwwm sopads

‘T "qeL, Ym puodsariod sanIfedo] Jo sraquinu eurpiQ ‘(61s) spuod jo ssueq papooyy

80

Aqreorporrad pue (g)s) eyensqns renynre ‘(£s) seax uo sajfydids (93s) sad1aaId D01 pue SYO0I papeys ‘(GIS) SIIAID }0I pue JY3Iuns 0} pasodxa syoox
‘($3s) syeyrqey [e1apni “(¢1s) sp[oy a[qelte (7is) spuesserd (11s) poom peap pue punoid (qnids Surpniur) 3910y — sad Ay yejrqep] /(9) reodwmnoin (g) uerseinyg
(%) uerraqrsoiny “(¢) ueadoinyg “(g) orueadoqns ‘(T) drueado :gq ‘() dNueRy-ULsurLIIPIA “(g) arerodwa)-urayinos ‘(z) ajeradwsay (9) ajeradwal-apim “(g)
reradwa]-09104 ‘(F) urjUOW-TeaI0q “(€) [22I0q SPIM “(Z) SUBIUOW dTJOIe-0310q TH — sjuawa[d do1nyder3oadorg eurag jo erofy a14ydoAiq ayj Jo 1SIPaYD T "qelL



81

ST6LTL 9 8 Zyua107 Xo “dwnyg stigsadn uopoShy
LISy + + + + -ds missiap|

0CCT + 9 8 “MPS] SIpANUL BINGIO]

YA N + + + C 6 xdwir (‘prag) vsorwnbs vjjazio],

€19°61 + + I 6 “yoxg (\qpur) vpriu v]jajio],

11 + + 9 A ‘qpury (‘mpay) wngiudosal wnipiniy]J,

ve'L + + 9| ¢ dwirypg (-mpaH) wnpnponap wnipini L

9111 + + 9 A 1989e( "y ("NIA) STwIIsse winiprnyL

4 + ¢ / a9[nguen) (‘mpap) wnindadore wniiqouwey],

6LLTETS T T + + + 9 9 S1pAnL "TeA IYOIA "] 33 I9GdM “J ("MPaH]) Syvint viyoLuhs
audore ("yosag)

/1 + + ¢ 8 SIULLOJ1 AL *TeA TYOIA (] 12 10GIM “J ((MPaH) syvint viyolijuhs

11 + 4 6 ‘puag vpidieav] viyoriuhs
GT'CTLISLTLIIE T + + + + 1 6 S0 38 YOS N ("PLig) wnjvu1ord wintinidiodg
€TLLILS L + o+ ds mnpnsipg
SaT}ITEd0] sad 4y yeyqey -w”wmnwww saads

"I "qel, M puodsarrod sanIfeso] Jo sraquunu eurpiQ “(61s) spuod jo ssyueq papooyy

Nat. Croat. Vol 28(1), 2019

Aqreorporrad pue (g1s) ejensqns [epynIe ‘(£3s) seaxy uo safydida “(91s) sad1A91D 001 pue SOOI papeys “(GIS) SAdIAId D0l pue JYIIuns 03 pasodxa syoor
(13S) syeyrqey [eropnir /(g1s) spley a[qere ‘(zis) spue[sseid (13s) poom peap pue punoid (qnus urpnpur) 3sa103 — sad £y yeyrqer] (9) refodwmoin (g) uerseiny
‘(%) uerraqrsoinyg ‘(¢) ueadoinyg “(g) oruesdoqns ‘(1) d1UeADO :7q ‘(6) dNULIY-ULURLINIPIA “(g) dreradwal-utayinos ‘() ayeraduray /(9) areradwal-apim “(g)
9yeradwa)-09104 “(F) SurjUOW-[LI0] “(€) [2dI0] IPIM “(Z) dURIUOW DTJOIL-0910( :TH — sjudwdfd dryderdoadorg eurfag jo erofy aAydoLiq ayj Jo ISIPAYD T "qeL



82

Babi¢, D. & Alegro, A.: Bryophyte flora of the area of the settlement of Selina...

30.00
25.00

20.00

% 15.00
10.00
5.00

0.00

45,00

40,00

35,00

30,00

25,00

20,00

15,00
10,00

5,00 .

Oceanic

0,00

number of species

T

T T T
Suboceanic European Eurosiberian Eurasian

T
Circumpolar

Fig. 3. Spectrum of biogeographic
elements regarding major biomes in
the bryophyte flora of Selina.

Fig. 4. Spectrum of biogeographic
elements with respect to eastern limit
categories in the bryophyte flora of
Selina.

Fig. 5. Occurrence of bryophyte taxa
in main habitat types in the area of
Selina.

In terms of species richness, the highest numbers of species were found in the
shaded rocks and rock crevices, where 33 species were recorded (Fig. 5), and
on artificial substrata, where 26 species were recorded. These were followed by
epiphytes, and forests and scrubland where 23 species were recorded in each
type. On rocks exposed to sunlight and rock crevices 21 species were recorded,
and a similar number (20) were found on ruderal habitats. The poorest habitat
types regarding the species number are grasslands (10), arable fields (6) and
periodically flooded banks of ponds (6).
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Fig. 6. Dendrogram representing similarity of habitats based on composition of bryophyte
flora. Branchings in black are statistically significant and those in red are not based on Simproff
test with 100 permutations. Habitat types: forest (including crub) ground and dead wood (st1),

grasslands (st2), arable fields (st3), ruderal habitats (st4), rocks exposed to sunlight and rock
crevices (st5), shaded rocks and rock crevices (st6), epiphytes on trees (st7), artificial substrata
(st8) and periodically flooded banks of ponds (st9).

In order to compare bryophyte flora of different habitats, cluster analysis
was performed (Fig. 6), resulting in four statistically significant groups — (1)
periodically flooded banks of ponds, (2) rocks exposed to sunlight and crevices,
and artificial substrata, (3) epiphytes, forests and scrubland and shaded rocks and
crevices, and (4) grasslands, arable fields and ruderal habitats.

For further understanding of the relationship between the bryophytes and their
habitats, NMDS analysis with passively projected vectors presenting Ellenberg’s
indicator values was performed (Fig. 7). As expected, periodically flooded banks
of ponds are aligned toward the top of the vector presenting moisture, meaning
that this habitat type is mostly characterised by hygrophilous species. On the
other hand, species of arable fields show the highest requirements for soil fertility.
Ruderal habitats, artificial substrata and rocks exposed to sunlight are aligned
in the direction of the vector representing light, but they are evidently stretched
along the vector representing soil reaction. This indicates that the species
requiring higher pH value grow on natural limestone rocks, while and those
adapted to lower pH inhabit ruderal habitats, and those of artificial substrata are
situated in between. Forests and scrub, shaded rocks and epiphytes are situated
on the opposite side of the light vector, with forest and scrubland moved into
the direction of the vector representing moisture, indicating that these habitats
encompass true forest species.
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Fig. 7. NMDS ordination graph with passively projected vectors representing Ellenberg’s
indicator values. Habitat types: forest (including scrub) ground and dead wood (st1),
grasslands (st2), arable fields (st3), ruderal habitats (st4), rocks exposed to sunlight and
rock crevices (st5), shaded rocks and rock crevices (st6), epiphytes on trees (st7), artificial
substrata (st8) and periodically flooded banks of ponds (st9). Vectors: light (L), moisture (F),
environmental acidity (R) and nitrogen or general fertility (N), 2D stress = 0.08.

DISCUSSION

This work is the first comprehensive study of bryophyte flora in western Istria,
resulting in a list of 72 species, which is a rather high number in comparison
with some other areas in Croatia (Parp ef al., 2013a, b; ALEGRO et al., 2014, 2015),
taking into account the small size of the surveyed area. Only six species belonging
to liverworts were recorded, probably due to their preference for a more humid
climate (FrauwMm, 2001).

The phytogeographic analysis showed that the bryophyte flora of Selina
is dominated by the temperate element (25%), i.e. by species with their centre
of distribution in the broadleaf forest zone. A considerable number of species
belong to the boreo-temperate and Mediterranean-Atlantic element, followed by
southern-temperate and wide temperate element, reflecting the biogeographic
position of the studied area in the sub-Mediterranean zone, characterized by a
mixture of Mediterranean and Atlantic species on one hand, and species of cooler
zones on the other. The same is reflected by the elements describing the eastern
limit of distribution. Apart from the clear dominance of broadly distributed species
belonging to the circumpolar element, oceanic and suboceanic element together
encompass almost 20% of species, clearly indicating the maritime influence on the
research area. That there are over 30% of European species is also indicative of the
biogeographic position of the area.

The highest number of species was recorded on shaded rocks and in rock
crevices, which can be explained by the lack of competition with vascular plants.
However, rocks exposed to sunlight exhibit a considerably lower number of
species, due to the lower availability of water and the more variable general
conditions. Interestingly, artificial substrata (concrete surfaces, roofs), which are
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another extreme habitat type, exhibit a relatively high number of species. This
could be explained by the longer retention of water in such habitats in comparison
with the natural limestone rocks. Another habitat type free from competition with
vascular plants is tree bark. Compared to the shaded rocks, species richness on
the forest ground is low. Vascular plants and especially litter decrease the surface
suitable for the colonization of bryophytes. This is even more prominent in
grasslands, where dense cover of grasses and other herbaceous species disable
colonisation and persistence of many bryophyte species. Mechanical disturbance
is the main reason for the relatively low bryophyte diversity in arable fields,
while the absence of such disturbance allows the existence of considerably richer
bryophyte flora in ruderal habitats. Banks of ponds are very specific habitats were
only hygrophilous species can thrive.

The grouping of habitat types into four main clusters can be explained by
analysing Ellenberg’s indicator values of the corresponding species. The first
group is represented by periodically flooded banks of ponds, inhabited by few,
but highly specialised, species such as Drepanocladus aduncus, Ptychostomum
pseudotriquetrum and some others. Two groups were defined based on light and
moisture availability: dry open rocks exposed to sunlight and artificial substrata
as one group, and forests with scrub, epiphytes and shaded rocks as another.
Species with the lowest indicator values for light such as Campylophyllum calcareum
and Rhynchostegiella curviseta thrive on shaded rocks. However, both on sunlight-
exposed and shaded rocks, species with the lowest indicator values for moisture
are found (Grimmia pulvinata and Schistidium crassipilum). These rocky habitats
also encompass the species with the highest values for soil reaction, since all rocks
in the area are of limestone origin. The fourth group of habitats encompasses
open secondary habitats with a pronounced anthropogenic influence, i.e.
grasslands, arable fields and ruderal habitats. These habitats include species with
a wide range of indicator values for soil reaction and nitrogen. That is, the highest
and the lowest values for nitrogen are found in ruderal habitats and grasslands,
respectively. All of the above indicates that this group of habitats is characterized
by tolerant species with broad ecological niches.

CONCLUSION

This study revealed that even in a small area, bryophyte flora displays a
biogeographical pattern which is in accordance with a biogeography based on
vascular plants (Horvar et al., 1974; SuGaRr, 1984; KaLiGARIS, 1997; TErz, 2011).
However, the view is more general since bryophytes commonly show broader
areas of distribution than vascular plants and lack local endemics (Franm, 2001).
Nevertheless, a pattern throughout habitat types can be distinguished, revealing
higher species richness in habitats with lower competition with vascular
plants, and clearly showing a relationship between species requirements and
environmental conditions.

Received June 1, 2019
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