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Old artificial parks are an important component of the cultural heritage in Southern Ukraine
which represents a significant variety of specific habitats for lichen diversity. The aim of
our research was to analyze the total lichen diversity in parks as well as the representation
of rare and protected species. Most of the data were collected by the authors during
expeditions in Southern Ukraine during 2017-2020 in Kherson and Mykolaiv regions.
Overall, we identified 108 lichen species and 21 lichenicolous fungi within 17 old parks.
The highest lichen diversity was recorded in parks “Labirynt” (66 species) and
“Nedogirskyi Forest” (61 species). We found 18 lichen species (16.6 %) included in the
Red List of Kherson and Mykolaiv regions and 25 (23.8%) rare forest-dwelling species. We
concluded that old artificial parks are very important habitats for lichen diversity in the
steppe zone of Ukraine as well as the unique localities for such species as Graphis scripta,
Hyperphyscia adglutinata, Sclerophora pallida in Southern Ukraine. The total diversity of
lichens did not have a significant correlation with the total number of tree species due to the
dominance of several tree species (Fraxinus excelsior, Quercus robur), while most other
phorophytes are young and represented singly. All old parks should become local reserves
to preserve the overall biological diversity in their territories, protect against illegal logging,
and regulate potential recreational activities.

Keywords: biodiversity, Graphis, Hyperphyscia, Sclerophora, Mykolaiv, Kherson, rare
species

JAPMOCTYK B.B., XOJOCOBIEB O.€. (2021). Crapi miTy4yHi nmapku sIK OcCepeIKu

pizHoMaHiTTH emidiTHux aumainukiB IliBaas Ykpainu. Yopromopcok. bom. oxc., 17
(2): 148-163. doi: 10.32999/ksu1990-553X/2021-17-2-5

Crapi ITy4YHI MapKu € BXINBOIO CKJIAJ0BOIO IIPUPOAHOT Ta KyJIbTYPHOT CIIIIMHY MTiB/IHS
VYkpaiHu, sika TpelcTaBise 3HAYHY PI3HOMAHITHICTH creUu(IiYHUX MiCIE3pOCTaHb JUIs
JUIIaRHUKIB. METOI0 HAIIOTo JIOCHi/pKeHHs 0YyJI0 MMpoaHali3yBaTH 3arajbHe PI3HOMaHITTS
JMUIIAHHUKIB Y CTapuX MapKaxX, a TaKOX NOMIMPEHHSA PIiAKICHUX BHIIB, Ta BHUJIB, IO
OXOpOHSIOTHCS. binmpmicTe MarepianiB Oymo 3i0paHO i 4ac eKCHeIUIIHUX TOCIHIKEHb
npoTtsiroMm 2017-2020 pokiB y XepcoHCBKiit Ta MukonaiBCchKiil obmacTsax. Y misoMy, OyIo
BusiieHo 108 BupiB nummaitHuKiB Ta 21 mixeHO(DITBPHHUX TpubiB Ha TepuTopii 17 crapux
napkiB. Haiibinpmie pi3HOMaHITTA JTHIIaWHUKIB 3adikcoBaHo B mapkax «JlaGipuHT» (66
BuiB) ta «Hemoripcekuii sticy (61 BuaiB). Mu BusiBinu 18 Buais numaiinukis (16,6 %),
3aHeCeHHX 70 YepBOHOrO CIUCKY XepCOHCHKOT Ta MukosaiBebkoi obnacteit ta 26 (24 %)
piAKICHUX BUIB, SKi MPUYpOYEHi 0 MITYYHUX JIICOBHX OioTomiB. 3 oMy Ha Iie, cTapi
MapKA € OyXe BOKIMBUMHU TEPUTOPISAMH IS 30€peKeHHS PI3HOMAHITTA JTUINAHHUKIB y
CTEeTOBill 30HI YKpaiHWM, a TakoX YHIKaJbHUMH MICIIE3POCTAaHHAMH TaKUX BUMIB, fK
Graphis scripta, Hyperphyscia adglutinata, Sclerophora pallida na miBgui Ykpainu.
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BcraHoBineHo, 10 3arajibHEe Pi3HOMAHITTS JHMIIAWHWKIB HE Majl0 CTATHCTHMYHO 3HAYYyLIOi
KopeJisillii 13 3aranbHOI0 KUIBKICTIO TMOpiJ JAepeB, IO MOXe OyTh NOB’s3aHO 3
JOMiHYBaHHIM Kinbkox mopim mepes (Fraxinus excelsior, Quercus robur), tomi sk
OUTpIIiCTh 1HMUX (GOPOQITIB MONOAI Ta MPEACTABICHI ONWHUYHIMH €K3EMIUIpaMH. Y ci
cTapi MapKu MaloTh YBIMTH 0 MPHUPOIHO-3aMOBITHOTO (POHIY AK OOTaHIYHI 3aKa3HUKH JIJIS
30epeXeHHS 3araibHOr0 OIOJIOTIYHOTO DPI3HOMAHITTS Ha CBOIX TEPUTOPISNX, 3aXHCTY Bif
HE3aKOHHUX BHPYOOK Ta PETyIIOBaHHSA MOTEHIIIHOI peKpeariifHol isIbHOCTI.

Kmouosi  cnosa: biopiznomanimms, Graphis, Hyperphyscia, Sclerophora, Muxkonais,
XepcoH, piokicui 6uou

JAPMOCTYK B.B., XOAOCOBIEB A.E. (2021). Crapble HCKYCCTBEHHbIE NMAPKH KaK

HeHTPbI Pa3HO00pa3us IMUPUTHBIX JIHIIAHWHUKOB I0ra YKpauusl. Yepromopck. bom.
arc., 17 (2): 148-163. doi: 10.32999/ksu1990-553X/2021-17-2-5

Crapple HCKYCCTBEHHBIE IapKH SBIIIOTCA Ba)XKHOH COCTAaBIISIOINEH NPHPOAHOTO H
KyJIbTYpPHOTO Hacleiuss ora YKpauWHbl, KOTOpas IPEACTaBIsACT 3HAYNUTEIHHOE
pasHoOOpa3ue crnenu(uIecKux MECTOOOMTAaHWH s JUmaiHuKoB. llenbio Hamiero
nccienoBaHus ObUIO MPOAHAIM3UPOBATh 00IIee pa3HOOOpasue JIMIIAHHUKOB B Iapkax, a
TaKKe PacIpOCTPAHCHHE PEIKUX M OXPAHAEMbIX BHIOB. BONBIIMHCTBO MarepuasioB ObLIO
coOpaHO BO BpeMsl OKCIEAUIIMOHHBIX uccienoBaHuii B TeueHue 2017-2020 romoB B
XepcoHckoit n HukonaeBckoit obnactsix. B nemom, Obuto BbisiBaeHo 108 BuioB
JUIIAWHUKOB W 21 JMXCHO(QWIBHBIX TpPHOOB Ha TeppuUTOpUU 17 CTapbIX MapKOB.
HaubOomnbitiee pasHooOpasue NHIIAWHUKOB 3aUKCHpOBAaHO B mapkax «Jlabupuar» (66
BunoB) U «Henmorupcekuit mec» (61 BumoB). Msl oOHapyxuiau 18 BHIOB JIHIIAHUKOB
(16,6%), 3anecenHsix B KpacHbii cmmicok XepcoHckoit m HwukomaeBckoit obmacrteit, a
TaKke 26 penkux BUIOB (24%), KOTOpBIE IPHYPOUCHHI K JecHbIM Omotonam. ITpmHMMas
3T0 BO BHHUMAHHE CTapble WCKYCCTBEHHBIE IIAPKH CIIEAYET CUYUTATh BAKHBIMHU
TEPPUTOPUSAMH JUISI COXPAHEHNSI MHOT000pa3ys JIMIIAHHIKOB B CTEITHOM 30HE YKpauHEL, a
TaKKe YHUKAIbHBIMH MECTOOOMTAaHHSMH TakuX BUIOB, kak Graphis scripta, Hyperphyscia
adglutinata, Sclerophora pallida wa fore Vkpaunbl. VYcraHOBICHO, 4YTO oOOIIEe
MHOroo0pasue JHIIaiHIKOB HE MMEJIO CTaTHCTHYECKH 3HAYMMOW KOPPENSIMU C OOLIMM
KOJINYECTBOM TOPOJ JAE€PEBHEB, YTO MOXKET OBITH CBSI3aHO C JOMHHHUPOBAHHEM HECKOJIBKUX
nopoa nmepesbeB (Fraxinus excelsior, Quercus robur), Torga kak GOJBUIMHCTBO APYTHX
(GopodUTOB SBISIIOTHCS MOJOABIMUA U IPEACTABICHBI SIUHUYHBIMHU JK3eMIUIsipaMu. Bce
CcTapele TMapKH JOJDKHBI BONTH B NPUPOAHO-3AOBEAHBIM (OHA Kak OoTaHHUECKHe
3aKa3HUKH JUIS COXpaHEHUs oOOIIero OHOJIOTHYECKOro pPa3sHOoOOpasms Ha CBOHX
TEPPUTOPUAXK, 3aIIUTHl OT HE3aKOHHBIX BBIPYOOK M pPETYIHPOBAHUS IOTCHIHAIHHOM
PEKpEaioHHON AeATETbHOCTH.

Kurouesvie cnosa: o6uopasnoobpasue, Graphis, Hyperphyscia, Sclerophora, Hukonaes,
Xepcomn, pedkue 8uovl

Parks are an important part of urban planning as they provide space for recreation,
relaxation, biodiversity conservation, and fostering awareness of the natural world [ GOBSTER,
2001]. Usually, parks are managed in terms of tree composition and the practical absence of
dead wood for aesthetic purposes. Despite this, parks are important refugia of diversity among
agricultural landscapes. In Southern Ukraine, park construction began at the end of the 18th
century and the use of parks was for both recreational and economic purposes
[KHODOSOVTSEV et al., 2019a]. Most of the discovered parks are neglected except for a few
well-known ones, which are actively used for recreation [KHODOSOVTSEV, KHODOSOVTSEVA,
2014; KHODOSOVTSEV et al., 2019a,b]. This gave us reason to suggest that such parks without
recreational load and management have become important centers of epiphytic diversity.

Lichens are composite organisms composed of an alga and (or) a cyanobacterium with
several fungi patterns [NAsH, 2008; HAWKSWORTH, GRUBE, 2020]. They are mostly host-
specific organisms related to particular types of rocks, soil, or tree species. Therefore, lichens
are useful indicators of heterogeneity in an ecosystem, because the number of microhabitats
positively correlated with the number of species. The variety of lichens that grow on trees
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depends on several factors, such as the type of tree, the age of the tree, the level of humidity
and lighting. The variety of these factors is well represented in the old artificial parks.

The aim of our study is to investigate lichen diversity in old artificial parks in
Southern Ukraine. We hypothesized that old parks have bigger diversity of microhabitats
which has a positive effect on lichen diversity and the presence of rare substrate-specific
species. We also hypothesized that the total lichens diversity depends on the number of tree
species and recreational activities of the park.

Materials and Methods

Survey Sites

Most of the material was collected by authors during expeditions in the Southern
Ukraine during 2017-2020. We investigate 17 old artificial parks in Kherson and Mykolaiv
regions (Figure 1). They are Litnii Khutir, Labirynt, Rozdolne, Sadove, Zyvkovycha Park,
Dubova balka, Nedogirskyi Forest, Mostove, Novochornomorske, Tryduby, Liuboivanivka,
Kyriachi lozy, Ratsynska dacha, Lisove, Maishiv sad, Ivanivskyi Forest, Katerynka. These
parks meet the following criteria: a) they have accurate or approximate historical information
indicating their artificial nature; b) trees more than a hundred years old are represented on
their territory. We recorded the total number of tree species, park area, type of recreation
activity (active recreation or abandoned), and type of plantings (deciduous or mixed).
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Fig. 1. Map of old artificial parks in the Southern Ukraine.

Sampling Method

Releve of the corticolous lichen community was carried out according to the
methodology of independence of the lichen communities [KHODOSOVTSEV et al., 2011, 2017].
Releve area was attached from 0.5 m to 1.5 m above ground level and projective coverage of
all lichen species was recorded. We identified lichen species predominantly in the field using
a 10x hand lens as well as K and C chemical spot tests. Field identifications were confirmed
in the laboratory with Optica-1 and MICROMED-2 microscopes using standard microscope
techniques [SMITH et al., 2009]. Lichenicolous fungi were recorded, but not included in the
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analysis. All examined specimens deposited in the lichenological herbarium of Kherson State
University (KHER) and the personal herbarium of the first author (herb. VD).

Statistical Analysis

Shannon Biodiversity Index was calculated for each park using the “vegan” package
v.2.4-5 implemented in R v.3.6.2 [OKSANEN et al., 2017]. We used a generalized linear model
(GLM) to test the effects of the park structure components on lichen diversity (Shannon
Biodiversity Index), using a gamma distribution with a log link function. We used the
following park structure components: total number of tree species (continuous), total area
(continuous), type of recreation activity (categorical with two levels), and type of plantings
(categorical with two levels). The GLM was implemented in R using the base function ‘glm’.

Results

Overall, we identified 108 lichen species and 21 species of lichenicolous fungi within
17 old parks in the Kherson and Mykolaiv region (Ukraine). The highest lichen diversity was
observed in parks “Labirynt” (66 species) and “Nedogirskyi Forest” (61 species). The lowest
lichen diversity was in parks namely “Ivanivskyi Forest” (23 species) and “Liuboivanivka”
(21 species) (Fig. 2a). Shannon Biodiversity Index was calculated for each park and used for
further analysis. The mean of Shannon Biodiversity Index is 3.51 with standard deviation 0.3.

Rare and protected lichens

We found 18 lichen species (16.6 % of total count) which are included in the Red List
of Kherson and Mykolaiv region [CHERVONYI..., 2012]. There are Acrocordia gemmata,
Alyxoria varia, Anaptychia ciliaris, Bacidia fraxinea, B. rubella, Bryoria implexa, Caloplaca
monacensis, Candelaria concolor, Chaenotheca chlorella, C. trichialis, Coenogonium pineti,
Flavoparmelia caperata, Lecania fuscella, Opegrapha niveoatra, Pseudoschismatomma
rufescens, Parmelina quercina, P. tiliacea, and Usnea hirta. The highest diversity of
protected lichens was in parks namely “Labitynt” (13 species) and ‘“Nedogirskyi Forest” (8
species) which corresponds to the total lichen diversity in these territories. In case a ratio
protected lichen diversity/total diversity “Litnii Khutir” and “Labirynt” have 0.2 and 0.19
respectively (Fig. 2b). The mean of protected species count is 4.35 which means that on
average 10 % of species in parks are protected.

We define rare species as typical representatives of forest-inhabiting species which are
distributed within the steppe zone of Ukraine only in natural and semi-natural habitats. Some
of them were also reported in the category “protected”. We found 26 rare forest-dwelling
species (24 % of total count). They are Acrocordia gemmata, Anaptychia ciliaris, Bacidia
fraxinea, B. rubella, Buellia griseovirens, Caloplaca monacensis, Candelaria concolor,
Chaenotheca chlorella, C. chrysocephala, C. phaeocephala, C. trichialis, Coenogonium
pineti, Graphis scripta, Flavoparmelia caperata, Hyperphiscia adglutinata Mycocalicium
subtile, Pachyphiale carneola, Parmelina quercina, P. tiliacea, Physcia aipolia, Physciella
chloantha, Piccolia ochrophora, Pseudosagedia aenea, Sclerophora pallida, Strangospora
moriformis, Xanthomendoza huculica. The highest diversity of rare lichens was in park
“Labirynt” (15 species) and “Litnii Khutir” (10 species). The ratio of rare species/total species
corresponded to the same data with protected lichens. “Litnii Khutir” and “Labirynt” have
0.24 and 0.21 respectively. Also, this ratio is 0.22 in park “Sadovo” (Fig. 2b). The mean of
rare species count is 5.17 which means that on average 13 % of species in parks are rare.
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Fig. 2. Lichen diversity in old artificial parks: (a) Total diversity of lichens and lichenicolous fungi; (b)
Diversity of protected and rare species (as a percentage of the total number of species).

Lichen diversity and park types

A comparison of the diversity of old artificial parks lichens did not show the
statistically significant difference between deciduous and mixed park types. We found no
significant effects between total number of tree species, park area, type of recreation activity
and type of plantings to lichen diversity using a generalized linear model.

Discussion

Old artificial parks in the Southern Ukraine are an important habitat for the rare forest-
inhabiting lichens. As a result of our research, we found that about 13% of species are rare
forest-inhabiting lichens. Most of these species are confined to deciduous trees. This is due to
the fact that the parks in Southern Ukraine are dominated by old plantations of Fraxinus
excelsior and Quercus robur [KHODOSOVTSEV et al., 2019]. Conifer plantations are not rare in
the Southern Ukraine, but not so common in parks. They are present in parks in the form of
individual alleys (in the case of Juniperus virginiana) or individual plantations, which were
planted after the establishment of the park (in the case of Pinus spp.). Our hypothesis was that
more lichen diversity would be observed in parks with a greater diversity of tree species. This
is because more tree species create more microhabitats for lichen growth. Our data did not
show a statistically significant correlation between the two variables. We suggest this is due to
the presence of a few old trees (Fraxinus and Quercus) in each park, which has more
microhabitats (old bark, dry and wet wood, branch and twigs, etc.). Moreover, most trees
were not so old and they have similar lichen diversity.

LEMAN (1906) probably is the oldest work related to lichen diversity of parks and
plantations in the Southern Ukraine. The author provides the list of 23 lichen species from
Ratsynska dacha. Mostly, they are a common corticolous species, but some of them are rarely
reported in the Souther Ukraine. They are Melanohalea olivacea, Ramalina calicaris and
Usnea florida. Record of the latest species looks dubious because of U. florida is a boreal-
montan lichen with optimum in the upper montane belts.

Only in a few parks we found an old tree of not-common species for the steppe zone
on which rare species of lichens were found. One of such parks is “Labirynt” which havs the
biggest lichen diversity (66 species) and representation of rare species (15 species). However,
Graphis scripta is a widespread temperate lichen mostly related to smooth bark. This species
is common in forest and forest-steppe zones of Ukraine as well as in the Carpathian and
Crimea mountains. However, Graphis scripta very rare within the steppe zone. Previously,
this species was reported only from the Donetsk region [NADYEINA, 2007]. We found Graphis
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scripta on old Carpinus betulis (also not-common tree species for the steppe zone) near the
Arbuzynka river. These very interesting records show that parks contain not-common old
trees which are required for distribution of rare species. Another interesting species is
Hyperphyscia adglutinata. This is an occasional species in Ukraine reported from a few
localities in the Carpathian and Crimea mountains [KONDRATYUK et al., 2021]. Hyperphyscia
adglutinata is growing on coniferous trees especially on Juniperus virginiana in parks within
the steppe zone of Ukraine [KHODOSOVTSEV et al., 2016]. This species was found in the park
“Labirynt” in the old alley of J. virginiana.

“Litnii Khutir” (Mykolaiv region) is another park with rich lichen diversity.
Sclerophora pallida was found only within this park on bark of old Acer tree. S. pallida is a
rarely collected species in Ukraine known mainly from the Carpathians and from a few
localities in the forest and forest-steppe zone [KONDRATYUK et al., 2021]. This record is the
first within the steppe zone of Ukraine.

Calicioid lichens are more or less rare species that can be used as an indicator of forest
continuity. These species mostly show clear specific substrate preferences and can be found
within old-growth forest sites as well as on single old trees. There are six calicioid species
reported from the steppe zone of Ukraine [KHODOSOVTSEV et al., 2017, 2019]. Mostly, these
species were found in old parks and only a few records are not related to them. Chaenotheca
trichialis is the most common calicioid species in the steppe zone of Ukraine. This species
was reported mostly on old acid-barked deciduous trees (Fraxinus, Quercus) in the natural
and artificial forests as well on isolated oaks. Other species like Chaenotheca chlorella, C.
chrysocephala, C. phaeocephala, Mycocalicium subtile are very rare and can be found only in
a few parks. In this case, old artificial parks are an important site in Southern Ukraine for the
conservation diversity of calicioid species.

Pachyphiale carneola is a frequent species in areas with a humid-warm climate. This
is overlooked and probably rare species in Southern Ukraine that grows on bark crevices.
Within our research, this species was found in five parks mostly on Fraxinus bark. Frequently
the thalli and apothecia of Pachyphiale carneola are infected by Refractohilum intermedium
and the presence of this fungus is a good hint as to the identity of the host [KHODOSOVTSEV,
DARMOSTUK, 2017].

Physciella chloantha is a mild-temperate, probably submediterranean species growing
on the bark of isolated trees or in light forests. This species was reported from a few localities
in Central and Western Ukraine [KONDRATYUK et al., 2021]. In the study area, Physciella
chloantha was found exclusively in old parks and plantations.

Xanthomendoza huculica is rather common species in forest zone and the western part
of forest-steppe zone, but probably rare in Southern Ukraine [KONDRATYUK et al., 2021]. We
found this species mostly in parks of the Mykolaiv region. Xanthomendoza huculica with
Candelaria concolor dominate in lichen communities of Quercus and Fraxinus trees within
those parks. We suppose that this dominance is due to the position of parks in the
northwestern part of the steppe zone of Ukraine, which borders the forest-steppe zone. Future
investigation of those specific communities are needed.

Most of the old parks within the steppe zone of Ukraine can be classified as forgotten
because they have only a small recreational load. This is due to the remoteness of the parks
from the main roads and large towns, as well as the fact that the parks were partially
destroyed during the revolutionary events. This has led to new threats related to the felling of
large and old trees. Therefore all the old parks should be protected by creating local reserves
on their territory.

Conclusions
Overall, we identified 108 lichen species and 21 lichenicolous fungi within 17 old
parks. The highest lichen diversity was in parks namely “Labirynt” (66 species) and
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“Nedogirskyi Forest” (61 species). We found 18 lichen species (16.6 %) included in the Red
List of Kherson and Mykolaiv regions and 26 (24 %) rare forest-dwelling species. We
concluded that old artificial parks are very important habitats for lichen diversity in the steppe
zone of Ukraine as well as unique localities for such species as Graphis scripta, Hyperphyscia
adglutinata, Sclerophora pallida in Southern Ukraine. All old parks should become local
reserves to preserve the overall biological diversity in their territories, protect against illegal
logging and regulate potential recreational activities.
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