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The tribe Ithomiini (Nymphalidae: Danainae) includes nearly 400 species of butterflies distributed from Mex-
ico to Northern Argentina, and adults of all species are aposematic and the main models in several Neotropical
mimicry rings. The subtribe Melinaeina, a small group composed of five genera of large ithomiines, is the
sister group of all remaining groups in the tribe Ithomiini. With 14 recognised species, the genus Melinaea
is the most species rich, and also the most widespread within the Melinaeina. From all species of the genus,
Melinaea mnasias is considered very rare and a little known one. This is also true for Melinaea mnasias thera,
a subspecies from the Atlantic Forest with less than 20 specimens known in all world museums. Studies com-
bining systematics, ecology, biogeography and natural history are priority in tropical areas, especially when
focusing on threatened species. Thus, the aim of this study was to compile all available knowledge on the
threatened M. mnasias thera, providing information to future management plans focusing on the conservation
of this butterfly and its habitats. Data were compiled from scientific collections and personal observations,
and the systematics of species of Melinaea was assessed by DNA sampling and analysis. The obtained phy-
logeny recovered the subtribe Melinaeina organised in two clades, the first composed by Olyras + Paititia
and the second by Eutresis + (Athyrtis + Melinaea). Melinaea mnasias thera was recovered as a sister to M.
mnasias lucifer. A total of only 17 specimens of M. mnasias thera from four Brazilian localities were found
in all revised collections. However, well-preserved forests are present only at one of these localities, in the
southern Bahia state, from where a recent specimen has been collected, suggesting that the last populations of
M. mnasias thera are restricted to this region. If this is true, the real conservation status of this species could

be much more critical than the estimated.

Key words: Atlantic Forest, Brazil, butterfly, Ithomiini, endangered species

Introduction

The tribe Ithomiini (Lepidoptera: Nymphali-
dae: Danainae) includes about 400 butterfly spe-
cies distributed from Mexico to Northern Argen-
tina (Dor¢ et al., 2023). Adults of all species are
aposematic and considered the main models in
many Neotropical mimicry rings (Brown & Ben-
son, 1974; Beccaloni, 1997). In a study combin-
ing morphological and molecular data, Brower et
al. (2014) recovered the tribe Ithomiini divided
in ten subtribes, nine of which are well supported
by both types of characters, a result congruent
with subsequent molecular studies (Garzon-Or-
dufia et al., 2015; Chazot et al., 2019). The sub-
tribe Melinaeina is composed of five genera of
large ithomiines and was recovered as a sister
group of all remaining ithomiines in the listed
above studies. With 14 recognised species, the
genus Melinaea Hiibner, 1816 is the most spe-
cies rich, and also the most widespread within

the Melinacina (Brown, 1979; McClure et al.,
2018). From those 14 species, only three taxa oc-
cur in the Atlantic Forest, namely the endemic
Melinaea ethra (Godart, 1819) and two subspe-
cies of two widely distributed species, namely
Melinaea ludovica paraiya Reakirt, 1866 and
Melinaea mnasias thera C. Felder & R. Felder,
1865 (Brown, 1979).

Melinaea mnasias (Hewitson, [1856]) is di-
vided into 11 described subspecies, and it is con-
sidered very rare and little known (Brown, 1977).
Except for M. mnasias comma W. Forbes, 1927
and M. mnasias lucifer H. Bates, 1862, which are
locally common, all other subspecies are scarce in
collections. This is also true for the Atlantic For-
est subspecies Melinaea mnasias thera, known
from only 17 specimens so far (Brown & Freitas,
2008; Freitas et al., 2018; Rosa et al., 2023).

Melinaea mnasias thera occurs in a narrow
region of the coastal Atlantic Forest in the Brazil-
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ian state of Bahia, at only two localities. Accord-
ingly, this taxon was included in the Brazilian
Red List, being assessed as «Critically Endan-
gered» (CR) (MMA, 2003, 2014, 2022; Freitas
et al., 2018). The compiling of all available in-
formation on any threatened butterflies is an im-
portant task, especially for the species which are
scarce in museum collections (Freitas & Marini-
Filho, 2011). In this specific case, M. mnasias
thera occurs in a critical portion of the Atlantic
Forest, a global biodiversity hotspot for conser-
vation (Myers et al., 2000). Thus, the aim of this
study was to investigate the systematic position
of M. mnasias thera, its conservation aspects,
and compile all available information about this
rare butterfly. Studies combining systematics,
ecology, biogeography and natural history are
priority in tropical areas, especially when focus-
ing on threatened species. Moreover, the infor-
mation obtained for a given group of herbivores
can be useful in studies of diversity and health of
a given plant assemblage (Gilbert, 1980; Freitas,
1996). Finally, studies like this one are important
for providing information to future management
plans focusing on the conservation of threatened
butterflies and their habitats.

Material and Methods

Specimens of M. mnasias thera (Fig. la)
were found in the following nine public collec-
tions: Cole¢ao Entomologica do Instituto Oswaldo
Cruz, Instituto Oswaldo Cruz, Rio de Janeiro,
Rio de Janeiro, Brazil (CEIOC); Departamento
de Zoologia, Universidade Federal do Parana,
Curitiba, Parand, Brazil (DZUP); Muséum
National d’Histoire Naturelle, Paris, Franga
(MNHN); Museo de Historia Natural, Universidad
Nacional Mayor de San Marcos, Lima, Peru
(MUSM); Museu de Zoologia, Universidade de
Sao Paulo, Sao Paulo, Sao Paulo, Brazil (MZUSP);
Natural History Museum, London, England,
United Kingdom (NHMUK); Museu Nacional,
Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brazil (MNRJ) (these specimens were lost
by the fire that destroyed the Museum in 2018);
Museum fiir Naturkunde, Berlin, Germany (ZMB);
Zoological Collection, Museu de Diversidade
Biolodgica da Universidade Estadual de Campinas,
Campinas, Sdo Paulo, Brazil (ZUEC). The search
for data on M. mnasias thera followed the same
databases and methods described in Rosa et al.
(2023). Data labels of all specimens were com-
piled; they are available in Table S1.

Fig. 1. Adult specimen and the habitat of Melinaea mnasias
thera. Designations: A — Melinaea mnasias thera (left — dor-
sal view, right — ventral view); B — general view of forest
habitats in Serra Bonita, Camacan, Bahia state, Brazil.

DNA sampling and analysis

All sequences used were downloaded from
Genbank, except for the museum samples EB19-
049 (MNHN, Muséum National d’Histoire Na-
turelle, Paris, France) and AHBR119 (ZUEC,
Zoological Collection, Museu de Diversidade
Bioldgica da Universidade Estadual de Campi-
nas, Campinas, Brazil), which had their ge-
nomic DNA extracted from two legs using the
QIAamp DNA MicroKit (QIAGEN®, USA)
protocol, adapted with columns from MinElute
PCR Purification Kit (QIAGEN®, Diisseldorf,
Germany). The whole genome shotgun sequenc-
ing was performed on the two DNA extractions
of museum specimens, following protocols de-
scribed in Twort et al. (2021), which were modi-
fied from protocols in Meyer & Kircher (2010).
Briefly, DNA was first blunt-end repaired, after
which custom-made indexed Illumina adapt-
ers were ligated. The library was then pooled
with 59 other Lepidoptera specimens and run
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on the Illumina NovaSeq platform. Raw reads
were checked with FASTQC v. 0.11.8 (An-
drews, 2010), and reads were cleaned with
Prinseq v. 0.20.4 (Schmieder & Edwards, 2011)
and Trimmomatic v. 0.38 (Bolger et al., 2014).
The genome was then de novo assembled with
spAdes v. 3.13.0 (Bankevich et al., 2012) with
a kmer value of 21. Orthologs of the five stan-
dard genes for Lepidoptera (COI, EF1-a, CAD,
wingless and GAPDH) were identified from
the fragmented genome assembly using MES-
PA v. 1.3 (Neethiraj et al., 2017). See Twort
et al. (2021) for more detailed descriptions of
the bioinformatic pipelines. For AHBR119, we
were able to identify all five genes (COI, EF1-a,
CAD, wingless and GAPDH). For EB19-049 we
were only able to find COI. All sequences were
aligned on CIPRES Science Gateway portal
v. 3.1 (Miller et al., 2010) using MAFFT v. 7
(Katoh & Standley, 2013).

The final concatenated matrix comprised 37
specimens, representing most of Melinaea spe-
cies and more close related genera, with a total
of 4698 base pairs and five genes. The type spe-
cies of all genera are represented in the final
matrix. Tellervo zoilus (Fabricius, 1775) was
used to root the tree (see Table S3 for voucher
numbers). Analyses to find the best-fit substitu-
tion models and partition subsets for the dataset
(see Table S2 for best model selected for each
partition), using «merge» option, were done
using ModelFinder (Kalyaanamoorthy et al.,
2017) with edge-linked partition model + Fre-
eRate heterogeneity in IQ-TREE v. 1.6.12
(Nguyen et al., 2015).

The maximum likelihood tree was inferred
using ten likelthood searches in IQ-TREE
v. 1.6.12. The support was calculated using the
ultrafast bootstrap (UFBoot) (Hoang et al., 2018),
with 2000 replications, in addition to assessing
node support through 1000 replications of Shi-
modaira Hasegawa approximate Likelihood Ra-
tio Test (SH-aLRT) (-alrt 1000) (Guindon et al.,
2010; Hoang et al., 2018) and approximate Bayes
branch test (aBayes; Anisimova et al., 2011).

Results
Systematic position
In the obtained phylogeny, the subtribe
Melinaeina was organised in two clades, the first
composed by Olyras + Paititia (type species:
Olyras crathis E. Doubleday, 1847 and Pai-
titia neglecta Lamas, 1979) and the second by

Eutresis + (Athyrtis + Melinaea) (type species:
Eutresis hypereia E. Doubleday, 1847, Athyr-
tis mechanitis C. Felder & R. Felder, 1862 and
Melinaea ludovica (Cramer, 1780)). The genus
Melinaea was recovered as monophyletic and
divided in two major clades, the first composed
by Melinaea mnasias + Melinaea ludovica and
the second formed by Melinaea ethra as the sis-
ter taxon to a large clade composed by nine spe-
cies of Melinaea. The two individuals of Meli-
naea mnasias thera clustered together forming
a clade with strong support, sister to M. mnasias
lucifer (Fig. 2).

General information and conservation aspects

A total of only 17 specimens of M. mnasias
thera were found in nine public collections (Ta-
ble S1). These specimens represent geographical
records of four localities in the Brazilian states
of Rio de Janeiro, Espirito Santo, and Bahia (re-
cords from the state of Sdo Paulo, Paraguay and
Colombia are mistakes, see Rosa et al., 2023)
(see Table S1, Fig. 3). Most individuals of M.
mnasias thera are either very old or without any
information on collecting dates, and a single in-
dividual has been collected in the XXI century
(in 2016, Table S1). Morphology (mostly wing
pattern) was presented and discussed by Fox
(1960), and Brown (1977) presented additional
data on taxonomy and distribution, anticipating
by a decade the presence of M. mnasias in coast-
al Bahia state.

Based on the trustworthy geographical data,
M. mnasias thera occurs in lowland coastal for-
ests (Fig. 1b), at altitudes of 100—400 m a.s.l.
(Fig. 3). At both localities, where M. mnasias
thera was reported in the Bahia state, at least
half of the area is covered by cocoa plantations
locally known as «cabruca», where the cocoa
trees are planted in the shade of larger trees.

The known distribution of M. mnasias
thera is disjunct. The two localities in Bahia
state (Camacan and Itapebi) are relatively close
to each other (about 60 km of distance), as well
as the two localities in the Espirito Santo state
(Alegre) and Rio de Janeiro state (Bom Jesus do
Itabapoana) are about 50 km of distance to each
other. These two pairs, however, have a large
gap of about 700 km between them. Based on
these data, the extent of occurrence (EOO) of
M. mnasias thera was estimated as at 7264.35
km? and its area of occupancy (AOQO) as 16 km?
(Rosa et al., 2023).
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Fig. 2. Phylogenetic relationships of Melinaea species based on COI, EF1-a, CAD, wingless, and GAPDH genes and obtained
by a maximum likelihood analysis. Numbers near the nodes are SH-alLRT/aBayes/Ultrafast bootstrap support values.
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Fig. 3. Map showing the four known localities of Melinaea mna-
sias thera. Designations: 1 — Itapebi, Bahia state; 2 — Reserva
Serra Bonita, Camacan, Bahia state; 3 — Alegre, Espirito Santo
state; 4 — Bom Jesus de Itabapoana, Rio de Janeiro state.

Discussion

Phylogeny of subtribe Melinaeina and posi-
tion of M. mnasias thera

Although composed of only five genera, the
internal relationships of the subtribe Melinaeina
has not reached a consensus based on previous
studies. Common points include the monophyly
of Melinaea and the clade formed by Olyras + Pa-
ititia (Brower et al., 2006, 2014; Willmott & Frei-
tas, 2006; Garzon-Orduna et al., 2015; Chazot et
al., 2019: Fig. S2.1, Fig. S2.2). The position of
the genus Athyrtis is not congruent with previ-
ous studies. Although recent molecular studies
recovered it as a sister group of all remaining
Melinaeina (Garzén-Orduia et al., 2015; Chazot
etal., 2019), the present study recovered Athyrtis
as a sister group of Melinaea. This result is simi-
lar to that obtained in the morphological study by
Willmott & Freitas (2006), in combined analyses
by Brower et al. (2014), and in an early molecu-
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lar study by Brower et al. (2006). In addition, to-
gether with Melinaea, Athyrtis is the only other
genus of Melinaeina that presents a tiger wing
pattern; Olyras, Paititia and Eutresis have trans-
lucent wing patterns. A second divergence is the
position of Eutresis: in the present study it was
the sister group of Athyrtis + Melinaea, while it
is the sister to Olyras + Paititia in previous mor-
phological and molecular studies (Willmott &
Freitas, 2006; Chazot et al., 2019).

The systematic position of Melinaea mna-
sias thera confirms the placement of this taxon
as a subspecies of M. mnasias, as proposed by
Fox (1965) based on wing patterns. In addition,
the present results show that M. mnasias is sister
to M. ludovica (Cramer, 1780), contrasting with
the results of Chazot et al. (2019: Fig. S2.1, Fig.
S2.2), where M. mnasias was recovered as the
sister group to other Melinaea species. The lack
of resolution among the large clade composed
by nine species of Melinaea confirm the results
found by McClure & Elias (2017), and is a result
of the absence of mitochondrial divergence, sug-
gesting a recent radiation for these nine species.

Only three species of Melinaea are present in
the Atlantic Forest. There are no discernible rea-
sons why none of the remaining nine taxa have
reached the Atlantic Forest, as many of them are
extremely common, locally abundant and present
in several forested habitats (Brown, 1977; Frei-
tas, 1996). McClure & Elias (2017) suggested
that these nine taxa could have originated from a
recent and rapid radiation. In fact, the dating pro-
vided by Chazot et al. (2019: Fig. S2.2) showed
that this clade originated about one million year
ago, and most species are much younger than
that. In this case, it is possible that these species
just have not had enough time to reach and colo-
nise the Atlantic Forest domain yet.

Geographical distribution and conservation

Based on the reliable data, M. mnasias thera
has been reported from four localities from south
Babhia to north Rio de Janeiro states (Fig. 3). How-
ever, it is important to call attention to two im-
portant factors. First, most of the forests in the
northern Rio de Janeiro state and southern Es-
pirito Santo state have been destroyed and persists
as small remnants (MMA, 2000), and it is hard to
believe that populations of M. mnasias thera are
still present in this region. Second, not a single in-
dividual of M. mnasias thera has been collected
or sighted in the last large forest remnants in the

central and northern Espirito Santo state, includ-
ing the low mountains near the municipality of
Santa Teresa and the large tableland forests near
the municipality of Linhares, both intensively cen-
sused in the last three decades (Brown & Freitas,
2000; Freitas et al., 2016). Accordingly, it is not
impossible that the last populations of M. mna-
sias thera are restricted to the wet forests in south
Bahia state. If this is true, the actual EOO should
be much smaller than that presented in Rosa et al.
(2023), and the estimate of EOO, which is now
on the threshold to Vulnerable (VU) category, is
much more optimistic than the reality. However,
the fact that M. mnasias thera may persist in areas
with cocoa plantation opens several possibilities
for conservation, since there are still several areas
where cocoa is cultivated in the «cabruca» system
(Cocoa plantation shaded by native trees). The
reasons for this can be explained in its biology.
So, although the host plant and immature stages of
M. mnasias thera are unknown, it likely uses Dys-
sochroma spp. (Solanaceae); the same host plants
are used by the other two Melinaea in the Atlantic
Forest (Brown, 1987; Drummond & Brown, 1987,
Brown & Freitas, 1994). These plants are epiphyt-
ic, growing in tall trees near the canopy, exactly
the trees that are preserved to provide the shade
for the cocoa plantations in south Bahia state.

Based on this scenario, it is very important
that potentially additional localities of popula-
tions of this rare butterfly should be surveyed.
Suggested areas in the South Bahia state include
the Serra das Lontras National Park and the re-
gion of Una Biological Reserve. In addition, the
large areas of cocoa plantations in the Ilhéus-
Itabuna region could harbour populations of M.
mnasias thera. It should not be difficult to obtain
eggs from wild caught females, as for other spe-
cies of Melinaea (McClure & Elias, 2017; A.V.L.
Freitas, unpublished). Details of its life cycle
could provide clues to a better understanding of
its rarity, as well as important information for
conservation actions for this taxon.

Conclusions

The present study is the most complete con-
cerning the threatened Brazilian butterfly Meli-
naea mnasias thera. This is one of the rarest and
the most threatened Melinaea taxa, so far known
from only 17 specimens deposited in nine museum
collections. Most of the potential historical range
of this species is now deforested. The species is
presently restricted to the large forest remnants in
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the southern part of the Bahia state, in northeast-
ern Brazil. In fact, given this scenario, only two
localities are possibly maintaining populations of
M. mnasias thera, meaning that the current [IUCN
status of Vulnerable could be much more optimis-
tic than the reality. Additional populations should
be located, as these would provide more opportu-
nities for conservation of this rare butterfly.
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CUCTEMATHYECKOE INIOJIOXKXEHHUE
N ITPUPOAOOXPAHHBIE ACIIEKTBI MELINAEA MNASIAS THERA
(LEPIDOPTERA: NYMPHALIDAE: DANAINAE)

A. D. B. Po3za""=, D, 1. Bap6oca''*, H. Baxadepr?'~, A. B. JI. ®peiiTac’

"Vuusepcumem Kamnunaca, Bpasunus
*e-mail: augustohbrosa@hotmail.com
lynockuil ynusepcumem, Illseyus

Tpuoa Ithomiini (Nymphalidae: Danainae) Bkimouaet okono 400 BHIOB YeIIyeKpPBIIBIX, PACIIPOCTPAHEHHBIX
ot Mexkcuku 10 CeBepHOit ApreHTHHBI. [Ipr 3TOM B3pociibie 0COOH BCeX BUIOB SIBISIFOTCS all0CEMaTHIeCKIMHA
1 BBICTYIIAIOT OCHOBHBIMHU MOJICJISIMU B HECKOJIBKHX KOJIbIIAX HEOTPONMYecKoi MUMHUKpuH. Hebonpias noa-
Tpuba Melinaeina, cocTosimas U3 MATH POIOB KPYITHBIX YEIIYEKPBUIBIX, SIBISETCS CECTPUHCKOM IPYIION Bcex
ocTanbHBIX Tpynn TpuOs! Ithomiini. Pox Melinaea, nacuureiBaromuii 14 BUi0B, SBISIETCS CAMBIM KPYITHBIM, a
TaK)Ke CaMbIM PacIpOCTPAaHEHHBIM B Ipesenax noatpuosr Melinaeina. 13 Bcex BunoB pona Melinaea mnasias
CYNTAETCS OUYCHb PEJKUM U MAJIOM3Y4YEeHHBIM. DTO CpaBeInBo U 1t Melinaea mnasias thera, noasuna u3
ATtnaHTHYecKoro jeca, MeHee 20 3K3eMIUIIPOB KOTOPOTO U3BECTHO BO BCEX My3esx Mupa. MccienoBanus, co-
YeTaoUINe CHCTEMATHKY, SKOJIOTHIO, OMOoreorpadrio n eCTeCTBEHHYIO HCTOPHIO, SBISIOTCS IPHOPUTETHBIMA
B TPOIIMUYECKUX PETHOHAX, 0COOCHHO KOT/Ia OCHOBHOE BHUMAaHHE yAEIseTCs BUAAM, HAXOISIIINMCS T10]] YIPO-
3011 MCUe3HOBEHHS. B CBSI3M C 3THM LIENBIO 3TOTO HCCIIEAOBaHMS OBLIO cOOpaTh BCe IOCTYIHbIE JaHHBIE 0 M.
mnasias thera, HaXoIAIEMCS 110]1 YTPO30i HCUE3HOBEHHMS, IIPEOCTaBUB MHPOPMAIIHIO [UIsl OyTyIINX IJIAHOB
YIpaBJIeHUs, HAllPaBJICHHBIX Ha COXpaHEHHE 3Toi 0a00ukH U ee cpeabl oouTanus. Mupopmanus Ob1a codpa-
Ha Ha OCHOBE Hay4YHBIX KOJUICKLUI M JTMYHBIX HAOIIOJCHNH, a CHCTeMaTHKa BUJOB Melinaea onieHeHa ImyTeM
orbopa u ananuza JJHK. [TonydeHnHsle nanHble 0 HIOTeHNN BOCCTaHOBHIM onTpudy Melinaeina, opranu-
30BaHHYIO B JIB€ KJIAJBL: NIepBYI0 coctaBistior Olyras + Paititia, a Bropylo — Eutresis + (Athyrtis + Melinaea).
Melinaea mnasias thera 611 0OOHapYKEH Kak CECTPUHCKHUN MOABUI K M. mnasias lucifer. Bcero Bo Bcex u3-
YUEHHBIX KOJUICKIMSIX OOHapyskeHO 17 ax3eMmisipoB M. mnasias thera n3 4eTbIpex MeCTOHaXOXIeHu B bpa-
3unun. OHAKO XOPOIIO COXPAaHMBIIMECS Jieca IPUCYTCTBYIOT TOJBKO B OZHOM M3 3THX MECT, Ha [Oore IITara
Bansi, oTkyna HeaBHO OBUT COOpaH 3K3eMITISIP. DTO TMO3BOJSET IMPEAIOIOKNTE, YTO TTOCIIEIHNAE MOIYIISIINN
M. mnasias thera orpaHHYeHbI STUM PETHOHOM. Eciy 3T0O IeHCTBUTENBHO TaK, TO pealbHBIA IPUPOIOOXPaH-
HBII CTATyC 3TOTO TAKCOHA MOXET OBITH TOpaszo Oosiee KPUTHYHBIM, YEM ITPEII0Iarajoch.

KuaroueBsie caoBa: [thomiini, antanTudeckuii tec, 6abouka, bpa3uis, ncue3aromuii BU
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MHOT'OJIETHUMA ITUCTAHIIMOHHBIA MOHUTOPHUHT JIEKBUIIA
EUMETOPIAS JUBATUS (PINNIPEDIA, OTARIIDAE) HA OCTPOBE
MATBIKWJIb B 3AIIOBEJHUKE «MATAJAHCKUM» (POCCHS)
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Pe3koe cokpatieHne uncieHHocTH Eumetopias jubatus (anee — CUBYY) TIOUTH 110 BCEMY apeairy IPHUBENO K He-
00XOIMMOCTH OpraHU3allni MOHUTOPHUHTA COCTOSIHUS JaHHOTO BUAa. Ha TeppuTtopun Poccun nogoOHas pabora
OpuTa oprann3oBana ¢ Hadana 2000-X IT. ¥ BKJIfodaeT B ceOs HaOMIOAEHUS 3a YMCICHHOCTHIO CHBYYa, MCUCHHE
HOBOPOXKJICHHBIX JICTEHBIIIEH U CIIeKEHNE 32 X BBDKMBACMOCTHIO, MUTPALMSAMHU U Pa3MHOKEHHEM Ha TIPOTSI-
KEHUM WX KU3HM. B TiepBoe pecsTuieTHe ncciaeqoBaHuii cOOp JAaHHBIX O YHCIEHHOCTH CHBY4Ya M BCTpedax
TaBPEHBIX KMBOTHBIX NPOBOAWIICS B JICTHUH TEPHO] HAOIIOAATEISIMU, HAXOISIIMMHUCS HEMOCPEICTBEHHO Ha
nexommax. C 2011 r. Ha MHOTHX JeKOWIIAX HadYaId yCTaHABIMBATh CIICIHAIBHO CKOHCTPYHPOBAHHBIE H CaMO-
CTOSITEJIbHO M3TOTOBJICHHBIE aBTOHOMHBIE (DOTOPETHCTPATOPHI, KOTOPHIE BEJIM KPYIIOTOAUYHYIO CHEMKY JIEXK-
6umr. B 2013 1. mects doTocucTeM OBITO pa3MemIeHo B TOCYIapCTBEHHOM MIPUPOIHOM 3arloBeIHUKE «Maragan-
CKHI» Ha PENPOIYKTUBHOM JIS)KOHIIE CHBYYa Ha 0cTpoBe MaThikninb. Kameps! Benn cbeMKy B nHTEpBase 5—30
muH. O0cmyxnBanue pOTOPErHCTPATOPOB MPOBOIMIIOCH OWH Pa3 B TOA. 3a BOCEMB JIeT paboThI OBLTO OITYIEHO
721 927 dotorpaduit; n3 HEX 60 632 dhororpadun ObIIM TPOaHATH3UPOBAHBL. BBUTO yCTaHOBIEHO, YTO CHBY-
M MCHONB3YIOT JIKOUIE HA MPOTSHKEHNE BCETO Tofla 32 MCKITIOYEHHEM MapTa, 4To CBSI3aHO ¢ 00pa3oBaHUEM
CIUIOLIHOTO JIEJSTHOTO MTOKPOBA B paifoHe NekOnIma ocTpoBa MaTbIKUIIb, KOTOPBIN MPEMSITCTBYET BBIXOLY KH-
BOTHBIX Ha Oeper. B TedeHne roga oTMedeHO JBa MUKa YHMCIEHHOCTH CHBYYa: JIETHUI U, 00€e MHOTOUHCIICH-
HBIH, OceHHUI. B neTHuit mepuox Ha nexOuIe mpeodagaroT CaMKH, B OCEHHE-3UMHHIH — MOJIOIBIC KUBOTHEIC
(TpenMyIIIeCTBEHHO CaMIIbl) M CaMITbI-CeKadr. 3UMOM MX YHCICHHOCTh Ha Oepery HeBbicoka. Ha octpoBe Ma-
TBIKMJIb MOKHO BCTPETUTH CHBYYEH CO BCEX PENPOAYKTUBHBIX JexkoOui [lambHero BocToka, 3a HCKITIOUCHNEM
KHMBOTHBIX, poauBInxcs Ha Komannopckux octposax. Hanbombiiee 4nciio cuByueii-MUTpaHTOB MOSBIISIETCS B
OCEHHHH MEePHOJ 1 MPECTABICHO MPEUMYIIIECTBEHHO MOJIOABIMHI KUBOTHBIMHU (Bo3pacT 1-3 roma) u moiyceka-
gamu (MOJIOIBIe caMIIbl Bo3pacta 4—7 jet). B menom, nanHble, OTyYeHHBIE C IOMOIIBI0 aBTOHOMHBIX (hoTope-
THCTPATOPOB, MO3BOJISIOT MOJIYYHTh JICTAIbHYIO0 KAPTUHY MCIIONb30BaHU JEKOHUIIA CHByYaMU B TEUEHUE BCETO
TOJIOBOTO IUKJIA KU3HH, IPOCIIEAUTH CE30HHYIO TUHAMHUKY YHCICHHOCTH, TIOJIOBO3PACTHON cocTaB 0coOei Ha
Oepery M penpoayKTUBHBIH yCIIeX MEUEHHBIX )KMBOTHBIX. B HacTosIIee BpeMs: IPUMEHEHNE aBTOHOMHBIX aBTO-
MaTHYECKUX (POTOPETUCTPATOPOB OCTAETCSI CAMHCTBEHHBIM JJOCTYITHBIM METOAOM KPYIJIOTOAMYHOTO MOHHUTO-
PHHTA 32 COCTOSSHHEM TPYJHOJOCTYITHBIX U YJAJICHHBIX JIEXKOHII] CUBYYa.

KnroueBble cjl0Ba: MeUeHHbIE KUBOTHBIE, CE30HHAsI AWHAMMUKA, CHBYY, Y4EThl, (DOTOpErncTpaTrop, 4ncCIieH-
HOCTb, TaBpo, SIMCKue ocTpoBa
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BBenenue

C 1970-x rr. uyucineHHoctb Eumetopias
jubatus Schreber, 1776 (nanee — cuBydY) Hauaja
pe3K0 CHWXAThCA Ha BceM apeaiie ooutanus. K
koHITy 1980-x IT. OHa cokparuiack 6ojiee yeM Ha
60%, ¢ 300 000 ocobeit B 1960-x rT. 1o 116 000
B 1989 1. (Loughlin et al., 1992). A3uarckas mo-
nynsuus cuByda B cepeaumHe XIX B. cocras-
nsma okoto 115 000 ocobeit, a k koHIy 1990-x
IT. YhclieHHOCTh cHu3wiack 10 13 000 ocoOeit
(Burkanov & Loughlin, 2005). C 1994 r. cuByu

BHeceH B Kpachyro kuury Poccuiickoii ®ene-
pauuu (2021). /Ins opraHu3zanuu oxpaHbl BUAA
HEOOXOIMMBI PEryNIsSpHBIE JaHHBIE O COCTOSHHUU
€ro YHCICHHOCTH, YTO 00yCcIaBIuBaeT HEOOX01u-
MOCTb €KEroIHOr0O MOHUTOPUHTA CUBYYA.

C nauana 2000-x rr. B paMKax porpaMMsl 1o
U3YYEHUIO a3UaTCKOM MOMYIISILIMY CUBYYa U BBISIB-
JICHUIO IIPUYMH CI1aJ1a €r0 YUCICHHOCTH Ha TEppH-
Topuu Poccun Beaercs perynspHblii MOHUTOPUHT
JeKOUIL, BKJIIOYAIOLIUN CJIEKEHUE 3a YMCIIeH-
HOCTBbIO 0COO€l, MeUeHHEe JETEHBIEeH MEeTO0M
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ropsiYero TaBpeHUs M HaOJIOJEHUs 3a MUTpalu-
AMH U pa3MHOKEHHEM MeueHbIX TioneHel. COop
JAHHBIX MPOBOJWICS HaOIIOHATENsIMU B JIETHHI
nepuoa. OaHako BBUAY JOTHUCTHUECKUX TPYIHO-
CTel MpU OpraHU3aIuH SKCTIEIUIINI U OTIACHOCTH
paboThl HabmoAaTenel Ha yIaJeHHBIX O0CTPOBAX
HaMH ObUIO HalIEHO pelIeHHe O BHEIPEHHH aB-
TOMAaTHYECKUX (POTOpErucTparopoB, COCOOHBIX
paboTarb aBTOHOMHO O3 MPUCYTCTBHS JIIOACH B
TEUYEHHE T0/Ia U MOJydaTh OOJBIIYIO YacTh BaX-
HOW mMH(poOpManuu B pesyabrare aHammuza ¢GoTo-
rpaduii. Tloxoxkue ¢orocucremsl ObuUIM paHEe
pa3paboTaHbl U YCIEIIHO HCHOJIb30BAINCH IS
JMCTaHIIMOHHOTO MOHUTOPUHTA YUCIEHHOCTH CH-
By4a (Kulinchenko et al., 2004; Marcotte, 2006),
Odobenus rosmarus divergens Illiger, 1811 (Holt,
2019), u Phoca vitulina richardii Gray, 1864
(Boveng et al., 2011) na Ansacke. B 2011 r. Ha
Jansaem Boctoke Poccum ObLTM yCTaHOBIEHBI
aBTOHOMHBIE aBTOMaTHuYeckue (oTopeructpa-
TOpBHI Ha JIeXOWIaX CUBy4Yya Ha OCTpoBe Men-
el (Komanpopckue octpoBa), meicax Koznosa
n Kexypnbiii (nmonmyocrpoB Kamuarka), ocTpose
[Muamkoran (Kypunbsckue octpoBa) (ANTyX0B U
ap., 2011). B 2012 r. poTocuctemsl yxe QyHK-
LUOHUPOBAJIM Ha JECATH JEeXKOuIIaXx CUBydYel
(bypkanoB u np., 2015). Ha ocTtpoBe Marbikuiib
(SIMckme ocTpoBa) MOHUTOPHUHT JICKOHIIIA CUBY-
Ya, BKIJIIOYAIOIUN Me4ueHue, HaOloJeHue 3a Me-
YEHBIMH OCOOSIMH U y4€T YUCICHHOCTH, BEIETCS
¢ 2000 r. Ho u3-3a TpyAHOOOCTYIIHOCTH OCTPOBA
MarTbIKWIIb U KpaiiHE CIIOXKHBIX YCIOBHUU IPOXKU-
BaHUSl Ha HEM JIMIIb B OTACNBbHBIE TOJIBI MPOBO-
JUIIUCH KPATKOCPOUHbIE HAOMIOAEHUS TPOJOIIKH-
TEJIILHOCTBIO B HECKOJIbKO HeAenb (3a1anbCKuid,
2000; Burkanov & Loughlin, 2005; I'paues, Byp-
kaHoB, 2015). B 2013 r. 3aech ObutH ycTaHOBIIE-
HbI (DOTOpErucTpaTopsl, NO3BOJIMUBIINE OCYIIECT-
BIIATh KPYIJIOTOAWUYHBIN cOOp naHHBIX. Llensio
HACTOSIILIETO HCCJIEIOBAaHUS SIBISETCS OIEHKA
XapakTepa HUCIMOJIb30BaHUS JIeKOUIIA CHUBYyYAMHU
B TEUEHUE rojla Ha OCHOBE JAHHBIX, MOTYYEHHBIX
¢ Ucnoib30oBaHueM (oTopeructparopoB. OCHOB-
HBIMHU 33JJa4aM¥ pabOThl ObUIO YCTAHOBUTH CPOKH
MIOJIXO/1a KUBOTHBIX, UX YHCIEHHOCTb B TEUEHHE
rojia, II0JIOBOM U BO3PACTHOM COCTaB, COCTAB JKU-
BOTHBIX IO CBOEMY MPOUCXOKEHUIO.

MarepuaJ 1 MeTOAbI
OctpoB  Marsikmiib — (59.326389° N,
155.543611° E) BxoauT B coctaB SIMckoro ap-
XHIenara, pacrojio)KeHHOTO B CEBEPHOM 4YacTH
Oxotckoro Mopst y Bxona B 3anuB lllennxosa u
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ABJISIETCSI OCTPOBHOM 4acThiO SIMCKOro ywacrtka
3anoBenHuKa «Maraganckuit» (puc. 1). Hlupu-
Ha MPOJINBA, OTAEIISIOLIEr0 OCTPOB MaTbIKUIIb OT
MaTepukoBoi yactu (mbic Ilpdruna, camas Boc-
TOYHasg TO4YkKa moxyocTpoBa [IbsirmHa), cocraB-
aser 16.3 kM. OcTpoB MarbIKuib NpeaCTaABISET
co00M CKaMUCTBIA KPSK, MPOTHIKEHHOCTHIO IO
0CEBOMY TI'peOHIO 5.5 KM, IIUPUHON B CpeIUHHON
yactd 70 2.0 KM, MaKCUMaJIbHOH BBEICOTOH 695 M
H.y.M. [IpoekTuBHas miomaas octpoBa Marbl-
Kb — 6.2 kM2, KpyTu3Ha CKJIOHOB BapbUPYyeT OT
25° no 45°. JlnuHa GeperoBOi MOJI0CHl COCTABIIS-
eT okoJ10 15.8 KM, IpU ATOM OJIHA TPEThS YaCTh €€
MPUXOAUTCS HA BaJTyHHO-TAJICYHUKOBBIC TUISIKH
U JIBe TpeTu OeperoBoi MOJOCHl MPEICTABICHO
CKaJIUCTBIMU OeperaMu U MbIcamH. JIeTHAs Tem-
repaTypa BOo3yXa Ha OCTpOBE MarbIKuiIb BapbU-
pyet ot +7°C no +12°C. ['ogoBas cymMMa ocaakoB
okosio 500 mm. Yacro SImMckue ocTpoBa OBIBAIOT
YKpbITBI TymMaHoM. He MeHee neBsITH MecAleB B
roay akBaTopusi SIMCKOro apxuresara MOKpbITa
nperdyomuMu IbAaMH; MOPE OYHMINACTCS OTO
JbJIa B KOHIIE Masi — cepeiuHe UioHs. JleToM mTu-
JieBas MOroja AepKUTcs Henoaro. s paiiona xa-
pakTepHBI YacThle Mepenajibl JaBieHus, ObICTpast
CMEHa MOTroJibl M BHE3aIHbIE ITOPMa (CKOPOCTH
BeTpa BO Bpems mTopMma 25-35 wm/c). IIponuBs
MEXIy OCTPOBaMHU M pailOHBI BOJIM3U MBICOB Xa-
PAKTEPU3YIOTCSI CUIBHBIMU MPUIMBHO-OTINBHBI-
MU T€YEHUSIMU. AMIUTATY/1a IPUITUBOB JIOCTUTAET
5—-6 M, ckopocTh TeueHuit — 13—17 km/4. Beicagka
Ha OCTpOB MaTbhIKWJIb BO3MOXKHA TOJBKO Ha Ce-
BEpPHOH cTOpOHE OCTpoBa B OyxTe JlarepHoi, ko-
TOpast 3alUIIeHa OT CEBEPHBIX U CEBEPO-BOCTOYU-
HBIX BETPOB CKaJUCTHIM MbicoM (AHjpees, 2011).

Paiton fIMCKUX OCTpPOBOB SBISETCS OAHUM
M3 BBICOKONPOIYKTHBHBIX 1O (DUTOIUIAHKTOHY
yuacTkoB Oxorckoro Mops, a 3anuB lllennxosa
CUMTAETCSl OJHOM W3 CaMbIX NMPOAYKTHUBHBIX aK-
Baropuit Muposoro okeana (Illynros, 1985). Ye-
pe3 akBaropuio apxurnenara B 3anuB lllennxosa
MUTPHUPYIOT TIpeacTaBuTenu poaa Oncorhynchus
Suckley, 1861, Clupea pallasii Valenciennes,
1847, Mallotus villosus Miiller, 1776. CKIOHBI
0cTpoBa MaTrbIKWIb IIOKPBITHI TPABIHUCTOMN pac-
TUTEJIBHOCTBIO. Ha octpoBe Marblkmib THe3-
muTces 12 BUAOB MOPCKHX IITHUII, 00IIas YUCIICH-
HOCTb KOTOpbIX ouieHuBaeTcs B 4 770 000 ocobeit
(3enenckas, 2009). U3 miexkonuTammumx 37e€Ch
obutarot Clethorionomys rutilus Pallas, 1779,
HeckoJbko nap Vulpes vulpes Linnaeus, 1758. Ha
F0’)KHOW CTOPOHE OCTpOBa MaTbIKUIIb UMEETCS He-
Oonbimas 3anexka Erignathus barbatus Erxleben,
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1777. C BOCTOUHOW CTOPOHBI OCTpOBa MaTbIKUIIb
pacroyiaralotcsi Tpu JexOuIia cuByya, OTJeJIeH-
HbI€ JIPYT OT JIpyra HeOOJbIINMHU BBICTYNAIOUIH-
MU B MOpe MbIcaMu-Hemnpomyckamu. [1o nentpy
pacroniaraeTcs pernpoayKTUBHOE Jexouiie, pac-
MOJIOKEHHOE Ha TMOJIO0CE TaJeYyHOTO TUISHKA, MPo-
TsKeHHOCThI0 okosto 300 M m mupunoi 30-60
M. Co cTopoHBI Oepera JexOuWIEe OTPaHUYEHO
KpyTbIM CKJIOHOM. K ceBepy U K 10ry OT HEro Ha-
XOJZISITCSl XOJIOCTSIKOBBIE 3aJI€KKH, IJIE€ pacioJjara-
I0TCSI MOJIO/IbIE JKUBOTHBIE (Bo3pacT: 1-3 rona) u
B3POCJIbIE CaMLIbI.

Marepuanom sl CTaTbd MOCTYXWIH (POTO-
rpaduu, moxydeHnnsie B nepuon ¢ 2013 mo 2021 rr.
C TIOMOIIIBIO IIECTH ABTOHOMHBIX aBTOMaTHYECKUX
aApXUBHBIX PETUCTPATOPOB, YCTAHOBJICHHBIX Ha
CKJIOHE HaJl PEeTNpPOAYKTHUBHBIM JICKOUIIIEM CHBY-
Yya Ha OCTpoBe MarbIkuib. ABTOHOMHBIE aBTOMa-
THYECKHE (HOTOPEruCTPaTOpbl ObUIM CIIELUAIBHO
CKOHCTPYHMPOBaHbl M H3TOTOBIEHBI COTPYIHHUKA-
mu Kamuarckoro ¢unuana THXOOKEaHCKOTO HH-
cturyta reorpadpun IBO PAH. Kaxnpiit doto-
peructparop ObIT MOJTHOCTHIO aBTOHOMHBIM. OH
COCTOSITT U3 MOTU(HUIIMPOBAHHOTO T'€PMETUYHOTO
ookca «Pelican», ¢oroanmnapara ¢ mMarpuueil Bbl-
coxkoro pazpemennst (Canon EOS 1100D, 12.2 MIT
—12.6 MII), o6bexTuBa Canon EF-S 18-135 mm,
/3.5-5.6, mopTaTUBHOTO aKKyMYJIsTOpa, COJIHEY-
HOI OaTapeu u 0JIOKa yIpaBIIeHUsS CUCTeMOH (Taii-
Mep, CyMEPEUHBI BBIKIIOYATENb U Jp.), KOTOPHIH
BKJIIOYQJI CHUCTEMY C HACTYIUICHMEM pacCBeETa,
dororpadupoBan y4acTok JeKOUIIa, Ha KOTOPBIH
Obu1a HarpasieHa poTokamepa, yepes 3arporpam-
MHUPOBAHHBIE WHTEPBAJIbI BPEMEHH, M BBIKIIOYAI
CHUCTEMY C HACTYILJIEHHEM TeMHOTHI (puc. 2A,B).
@dororpaduu 3anUCHIBAINCh U COXPAHSIIUCH HA
KapTte namsatu oobemom 128 I'0.

UtoO6sl noiayuuTh pororpadun, HEOOXOIUMO
OBLJIO MOCETUTh OCTPOB MaTBIKWIb U BPYUYHYIO
3aMEHUTh KapThl MaMsITH B Kaxaol kamepe. C
2013 mo 2018 rr. oOcmy)XkMBaHKUE KaMep MPOU3BO-
JIUJIOCH OJWH pa3 B roj, B cepeaune jeta. B 2019
u 2020 rr. u3-3a JOrMCTUYECKUX U (PUHAHCOBBIX
TPYAHOCTEN MOCETUTH OCTPOB HE IPEICTABUIIOCH
BO3MOKHBIM, ¥ KaMephI IPOpadboTai B aBTOHOM-
HOM peXHUME TpH Troaa monapsn 1o asrycra 2021
. ®oTopeructparops! ObUIM IPUKPYUYEHBI aHKEP-
OontamMu B yrIIyOJeHHSIX CKall WK penbeda Kpy-
TOTO CKJIOHA HaJl JIEKOUILEM Ha BCEM €ro MpoTsi-
KEHUHU TaKUM 00pa30M, 4TOOBI MaJaolIle CBEPXY
KaMHH U CXOJI CHE)KHBIX JIJABUH UX HE MOBPEIUIIH.
Kaxxnas kamepa cHMMala TOJIBKO OMpPEIEICHHBIH
Y4acTOK JIeKOUIa ¢ HEOONbIIUM MEPEKPHITHEM
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oT coceaHux kamep. Takum oGpazom, mpocma-
TpuBas pororpaduu 3a 0HO U TO K€ BpeMsl (OHO
OBLJIO CHHXPOHHM3UPOBAHO Ha BCEX KaMepax), MBI
MoJIy4aJid aHOpaMHyto Gororpaduo moyTH Bee-
ro penpoAyKTHUBHOTO JexOuiia. lutepsan chem-
KM yCTaHABIUBAJICS CIIEIUATBLHBIM MepeKIoyaTe-
JeM BO BpeMsi o0CiIyXuBaHUS KaMepbl. Kamepsr
BEIIM CBEMKY c MHTepBasioM B 5-30 muH. Bcero
3a BOCEMb JIeT HaOIoneHui (HOTOperucTparopsl
HaXOIWJINCh Ha jexoume 2945 aueit. Ot 53% 1o
89% (B cpennemM 72%) 3TOTO BpEMEHHU KaMepbl
CHUMaJIH JIe)KOUIIE U )KUBOTHBIX. B 3aBUCHUMOCTH
OT MPOJOJIKUTEILHOCTH CBETOBOTO JIHS KaXKaast
Kamepa exeaHeBHO Aenana ot 15 go 130 cHumMm-
KoB, B cpeaHeM 70 ¢ororpaduii B cyTku (pwuc.
2C,D). Bcero 3a sTorT mepuoa ObLIO MOTYyYEHO
721 9277 CHUMKOB CO BCEX PETUCTPATOPOB.

Otmeuanuch ciiydad oTkaza B paboTe xamep.
WX npu4uHbI, TIaBHBIM 00pa3oM, ObLITN CBS3aHBI C
pa3psiikoil Oatapeii n3-3a HeJOCTaTKa COMHEYHOM
SHEPIUu B 3UMHUH nepuon (nexadpb — deBpaisp),
KOTJ[a JHU ObUTM KOPOTKMMHU M Ha COJHEYHBIC Ha-
HEJIM HaMmep3all CHer U Jied. DPGPEeKTUBHOCTh pa-
OOTHl MaHeNel B TAKUE JHU PE3KO CHUXKAIACh.
BecHoli ¢ yBeIMU€HHMEM CBETOBOTO JHS, TASHUEM
CHEra M JibJia Ha MOBEPXHOCTU COJTHEYHBIX IaHe-
Jeil UX IPOU3BOIUTEIHHOCTh BOCCTAHABINBAJIACK,
AKKyMYJISITOPBI CHOBA 3apsbKajIiCh U KaMephl Ipo-
JoJbKany paboTy 0e3 BMellaTeabCTBa YeloBeKa.

N3penka oTMedyaauch TEXHUYECKHE OTKA3bI
M3-3a HApYLIEHHS TEPMETUYHOCTH MIJIACTUKOBOTO
Ookca M rmomnajiaHusl B HEro aTMoc(epHoii Biary.
OHa BbI3BIBaJIa KOPPO3UIO MPOBOJAOB U KOHTAK-
TOB, a TaK)K€ 3all0TEBAHME CTEKJ]a OOKca, KOTO-
poe 3HAYUTENBHO YXYAIIAJo KauecTBO (oTorpa-
¢uii. B cepenune okta0ps 2017 r. Ha kamepy Ne5
CO CKaJIBl yniajl KpyIIHbIM KaM€Hb, KOTOPBIH pa3-
Oowun 3amuTHBIN O0kc «Pelicany», n kamepa mepe-
crana paboraTk. 3aMEHUTH OOKC yaJIOCh TOJBKO
netoM 2021 r. Bo BpeMs o6cy)kuBaHus KaMep B
arycte 2018 r. u3-3a omuOKu omeparopa KaMe-
pa Ne3 okasanach BBIKIIOYEHA U HE paboTana 10
CIEAYIOUIEro MOCEUIEHUsl 0cTpoBa MaThIKUIb B
2021 r. (tabm. 1).

IIpocmotp u ob6paboTka ¢ororpaduit mpous-
BOJIMJIACH B PYYHOM PEXHUME B CIIELIUAIBHO Pa3-
paborannoi 6a3ze nanHbiX PhotoCount v2. [ns
MOJICUETAa YHCICHHOCTU KaXJ0€ >KUBOTHOE Ha
dororpadusx 0TMEUAIOCh MAPKEPOM C YKa3aHUEM
nojioBo3pacTHoi rpynmsl (puc. 3A). [Ipu oGHapy-
’KEHUU Ha CHUMKE MEUYEHBIX CHUBYYEH Tak ke 000-
3Ha4alii MapKepoM ¢ ykazanueM ID xuBOTHOTrO, U
BHOCHJIM WH(pOopMaruio o BcTpeuax (puc. 3B).
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155.0 155.5 156.0
Puc. 1. Mecrononoxenne penpoayKTHBHOTO JIexkOuma cuByda (Eumetopias jubatus) Ha octpoBe Matbikmib. bemoii muauneit
0003HaYeHBI TpaHUIE SIMCKOTO yuacTka (rmomyoctpos [IesrnHa n SIMckue octpoBa) 3anoBeannka « Maramanckuin» (Pocens).
Fig. 1. The location of the Steller sea lion (Eumetopias jubatus) rookery on Matykil Island. The white line indicates the bound-
aries of the Yamsky section (Piagin Island and Yamsky Island) of the Magadan State Nature Reserve (Russia).

! - : N e s
Puc. 2. YeTpolicTBO M BHEUTHHH BHJ] aBTOHOMHBIX (DOTOPErHCTPaTOPOB HCIOIB30BAHHBIX HA PENPOAYKTHBHOM JICKOHUIIE
cuByua (Eumetopias jubatus) Ha octpoBe Matbikuib (A, B) u nmpumep dortorpaduii noxydeHHBIX B pa3HOE BpeMs roja:
C —22 aBrycra, D — 1 nekabpsi.
Fig. 2. Inside and outside views of autonomous automated archival remote time-lapse cameras used on Steller sea lion
(Eumetopias jubatus) rookery (A, B) on Matykil Island, and examples of images collected at various time of the year: C —
22 August, D — 1 December.
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Puc. 3. [Ipumep paboTel B MOAyJIE MMOJCYETA YHCICHHOCTH KMBOTHBIX (A) U B MOJyJle IOMCKAa MEYCHBIX KMBOTHBIX (B)
0a3bl nanubix PhotoCount v2.

Fig. 3. An example of working in the Count module (A) and in the brand search and registration module (B) in the Photo-
Count v2 database.

Taéauua 1. KonndecTBeHHBIC TaHHBIE O paboTe aBTOHOMHBIX (DOTOPETHCTPATOPOB Ha PENPOLYKTHBHOM JICKOUILE CHBYYA
(Eumetopias jubatus) Ha ocTpoBe Matbikmib, 2013-2021 rr.

Table 1. The number of working days of autonomous automated time-lapse cameras at the Steller sea lion (Eumetopias juba-
tus) rookery on Matykil Island in 2013-2021

KonmdecTo nHeil, koria kaMepa CHIMaa JIexKOnIe
Ton JlHeii Ha Jexourie
Kamepa 1 Kamepa 2 Kamepa 3 Kamepa 4 Kamepa 5 Kamepa 6

2013 166 141 151 165 54 166 166
2014 365 242 253 278 138 321 365
2015 365 263 263 312 315 263 360
2016 366 365 366 366 340 237 243
2017 365 365 347 338 306 210 113
2018 365 363 285 153 301 0 253
2019 365 363 45 0 317 0 70
2020 366 366 0 0 308 0 0
2021 223 163 0 11 198 0 0
Bcero 2945 2631 1710 1623 2277 1197 1570

% 100% 89% 58% 55% 77% 74%* 53%

Tpumeuanue: * — no 2018 ., moKa KaMepa HaXOANJIACh B pabOYeM COCTOSIHUH.

Jns cnexeHuss 3a CE30HHOM YHMCIEHHOCTBIO — FOT MPOCIIEIUTh XapaKTep C€30HHOIO MCIOIb30BAHUS
YKMBOTHBIX Ha JIGKOWIIEC M XapaKTepOM HCIOIB30Ba-  CHUBYYaMH 3TOTO JISKOWIIA U TIOMYYUTH JIETATLHOE
HHS €0 CUByYaMH Ha MPOTSHKEHUH TOJOBOTO IMKJIA  MPEACTAaBIEHHE O IMOJOBOM U BO3PACTHOM COCTaBE
JKM3HU OBUIO JIOCTATOYHO TMOJICYMTATh KUBOTHBIX HA  JKMBOTHBIX B T€UeHHE Bcero roga. Ha npyrux mex-
omHoM ¢oTorpaguu B IeHb ¢ KaKIOM Kamepbl. Jns  Ouiax cuByda Ha OCTpoBe MaThIKHIb KaMepbl OT-
ATOTO MbI Opay OUH Ka4Y€CTBEHHBI CHUMOK C K&K-  CyTCTBOBaIHW. [103TOMY HalllM TaHHBIE HE OTPAYKAIOT
Joi Kamepbl, CHATHIN B riepuof ¢ 12:00 4. 1o 14:00 4. o01iyr0 YMCIEHHOCTh CUBYYa Ha 3TOM TEPPUTOPHHL.
KomuyectBo cuByueil Ha BceX CHUMKaX, CACTAHHBIX Jnis morcka U MAeHTH(PUKAIUU MEYCHBIX KH-
B OJTHO U TO K€ BPEMsI JIHS, OTPAXKAaJIO JIUIIb YUCICH- BOTHBIX Mbl BHHMATEJIBHO IMPOCMATPUBAIN OJIHY
HOCTB 3BEpel Ha TeX y4acTKax JISKOUIA, Ha KOTOpble  (poTorpaduio 3a KaxIblii 4ac cheMKHU (T.e. Opaim
OBbLIM HATIPABIICHBI YKECTKO 3a()MKCHPOBAHHBIE OOBEK-  JIUIIb OJMH U3 2—12 CHUMKOB 32 4ac CbEMKH, UMEFO-
TUBBI KaMep. Ha JiexxOuIiie ocTaBaioch HECKOJIBKO He-  IUXCs B apxuBe). OOHAPYKUB MEUSHOE JKUBOTHOE,
OOJBIIINX CKPBITHIX YYACTKOB, HA KOTOPBIX )KUBOTHBIE MBI CPAaBHUBAJIM €TI0 TaBPO C AIEKTPOHHBIM KaTaJlo-
He ObUTM BUIIHBI HA CHUMKaX. [l0aTOMy naHHBIE IO TOM MEUEHBIX CHBYYEH, 3alMCHIBAIIM €T0 T0J, BO3-
YHCJICHHOCTH, IPUBOIMMBIE B HaIllel pabote, 00bek-  pacT W PenpomyKTUBHBIA cTaryc. J[is HacTosei
TUBHO HECKOJIBKO 3aHIDKEHBI U HE OTPAXKAIOT OOIIyr0  paboThl MbI Hcmoib3oBamu 60 632 dororpaduit
YUCIICHHOCTh JKUBOTHBIX Ha PEMPOMYKTUBHOM JiekK-  (8.4% oT 0011iero uncia nomy4eHHbIX GoTtorpaduii)
oute octpoBa Marbikuiib. Ho 3Tu naHHBIE TO3BOMSA- U, TIaBHBIM 00pa3oM, 3a nepuon 2013-2017 rr.
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B nHacrosiiee Bpemst 7151 OLICHKH YHCIICHHOCTH
U TIOMCKa TaBPEHBIX CHUBYYEH MBI Havyanu paspada-
THIBaTh KOMITBIOTEPHBIN AJITOPUTM, KOTOPBII 3HAYH-
TEITBHO COKpAI[AeT 3aTpaThl BpEMEHH Ha PadoTy 110
n3BJIeYeHUIO nHbopManuu u3 dortorpaduii u B O1u-
JKau1eM Oy/TyIeM TO3BOJIUT HaM UCTIONb30BaTh IS
aHaJIM3a BCE JIAHHBIC TI0 YMCIEHHOCTH M MEUEHBIM
cHBYyYaM Bcero apxuaa ¢otorpaduii (Altukhov et al.,
2021). Takum 00pa3om, B JaHHOW paboTe MPUBOAAT-
Csl pe3yJIbTaThl aHaJIM3a HEOONBIIION YacTH apXHBa.

Pe3yabTarsl

MaccoBelii MOAXO0M KUBOTHBIX Ha JIEKOHIIE
HAYMHACTCSI B CEPEIMHE arpesisi M MPOAO0IDKACTCS
0 Hayaja Hiojis (MakCHMMallbHasi YHCIEHHOCTD:
1003-1073 ocobeii), ocie 4ero 4uciao CHUBYYEH
Ha jexoume cHmwkaercs (Tadn. 2). Co Bropoi mo-
JIOBHHBI aBTyCTa KOJMYECTBO TIOJICHEH HAuWHAET
CHOBa pPacTH M JIOCTUTAaeT HOBOTO MaKCMMyMa B
ceHTa0pe — Havyane oktaops (1159-1479 ocobeit).
B 3umHuMI Tepuo Ha PENPOAYKTUBHOM JIexKOuUIIIe
HaxoxATcs HeOombmme rpymmsl (1o 80 ocoleit)
WIA OIUHOYHBIE CHBYYH. BO3MOXHO, WX 3HAYM-
TEJBHO OOJIBIIE BHIXOJUT HA JIPYTHE HEPETPOITYK-
TUBHBIC JIS)KOMIIA OCTPOBA, Ha KOTOPBIX KaMepbl
OTCYTCTBYIOT. B 3TO Bpemsi exXeqHEBHas YUCIICH-
HOCTb Ha JIEKOUILE OUE€Hb TUHAMUYHA U MOXKET U3~
MEHSATHCS B IMPOKKX npezenax (puc. 4, taom. I11).

[TonoBo3pacTHOI cOCTaB >KUBOTHBIX, 3ajiera-
I0IUX Ha Oepery, HEMOCTOSIHEH B TEUEHHUE Trofa.
CaMKu NpUCYTCTBYIOT Ha JISKOMIE ¢ Mast o Jie-
kaOpb. Ux MakcuManbHas YUCIEHHOCTh MPUXOIUT-

Cs Ha TMEpBYyIO aekamy uroins (tadm. 2). Momosasie
’KUBOTHBIE (Bo3pacToM 1-3 roja) BcTpedaroTcs Ha
MPOTSHKEHUHU BCETo Tojia 3a UCKIIoYeHneM (eBpa-
75 u mapra. X mMakcumanbHasi 4YUCIEHHOCTh OT-
MeyJaeTcsi BO BTOPOM — TpeTel jaekaze CeHTAOps.
B3spocabie camirel (Bo3pacTom 8+ 1eT) U moiyce-
Kauu (Bo3pactoM 4—7 JIeT) TakKe MPUCYTCTBYIOT
Ha JIeKOMIE B TEUEHUE BCETO Tojia, 32 UCKIIoYe-
HueM ¢eBpais U MapTa. MakcuManbHas YHCIICH-
HOCTB IOJTyCeKauel MPUXOIUTCS Ha KOHEII aBrycTa
— HayaJio HOSOPS, a B3POCIBIX CAaMIIOB — HA UIOHB
(Tabm. 2). Takum obpa3zomM, nexowuie ocTpoBa Ma-
TBIKWJIb MOXKHO OTHECTH K pa3psay CMEIIaHHBIX.
B mro6oii ce30H Toia Ha HeM MOTYT OBITh KaK cam-
IIbI, TAK ¥ CAMKH JIFOOOTO Bo3pacTa. B neTHuii Mak-
CUMYM YHUCJICHHOCTH Ha JiexOuIie mnpeoOnananu
CaMKH, OJTHAKO B OCEHHUI MaKCUMYM KOJIUYECTBO
CUBYYEH pacTeT 3a CYeT MOJIX0/1a KOUYIOIIUX B I0-
MCKax IMUIIY MOJIOJBIX KUBOTHBIX (Bo3pacToM 1-3
rojia) u noxycekadei (camipl 4—7 JeT).

[Tanopamubie ¢otorpaduu c ¢oroperucrpa-
TOPOB HE TI0O3BOJISLJIH MOJTy4aTh JOCTOBEPHBIE J1aH-
HbIE O YHCICHHOCTH HOBOPOXKICHHBIX IICHKOB,
T.K. 3HAYUTEIIbHAS YaCTh JIC)KOHUINA IIOKPHITA KPYTI-
HBIMHU BaJlyHaMH U 00JIOMKaMH CKaJl, 32 KOTOPbIMH
MHOTHE JICTEHBINTN HEe BUIHBL. Tak, €Ciu 1Mo JaH-
HBIM ¢ (hoTopeructparopos B nepuoz 2013-2017
IT. YUCJIEHHOCTh LICHKOB Ha JIS)KOUIIIE B CpPEAHEM
coctapisiia 329 + 25 (min—max: 293-369) oco-
Oeii, TO BO BpeMsl IIPSIMOTO TOJCUeTa Ha JIeKOUIIe
B 2013 . 6610 yuTeno 477, a B 2017 r. — 620 xu-
BBIX IIICHKOB, T.¢. Ha 23—53% OobIie.

Tadmuma 2. CpeaHue 1mokasareiy YUCICHHOCTH cuBy4a (Eumetopias jubatus) 110 TIOJIOBO3PACTHBIM TPYIIIaM Ha PETPOIyK-
THUBHOM JIeXOuIIe ocTpoBa MaTbikmib 1o Mecsiiiam B 2013-2017 rr.
Table 2. The average number of Steller sea lion (Eumetopias jubatus) individuals of various age and sex groups on the Ma-

tykil Island’s rookery each month, 2013-2017

Mecs CaMK?I Mornonsie 900614 l'[onycelfatm B3spocibie campl
M + 2SE (min—max) M =+ 2SE (min—-max) M + 2SE (min-max) M + 2SE (min—max)
1 0.9+2.1(0-9) 1.7+3.0 (0-13) 1.3+£2.0 (0-8) 1.7+2.3 (0-8)
2 0.2+0.4 (0-1) 0.5+ 0.8 (0-3) 0.1+0.3(0-1) 0.1£0.3(0-1)
3 0.0 0.0+0.2 (0-1) 0.0+0.2 (0-1) 0.0+0.2 (0-1)
4 0.2£0.7 (0-3) 2.1+7.2(0-50) 8.0+ 16.6 (0-79) 6.1 +11.9 (0-48)
5 69.3 £ 68.9 (0-225) 32.4£26.1(0-114) 16.9 £ 11.0 (0-44) 42.5+16.0 (6-78)
6 320.7 £ 96.4 (34-545) 51.8£26.5 (1-119) 8.0 £4.5(0-21) 64.8 £ 11.9 (36-90)
7 415.3 +84.3 (105-613) 95.4 +£33.5 (9-190) 7.4£3.6 (0-19) 55.7+11.7 (18-76)
8 229.1 +£76.9 (82-425) 83.0 £ 38.6 (7-172) 20.0 + 18.0 (1-85) 32.5+13.2 (6-65)
9 353.1+£95.6 (1-523) 157.9 +£47.3 (6-266) 45.8 £24.7 (1-120) 47.9 £ 18.7 (0-84)
10 282.2 + 128.0 (58-643) 115.1 £ 53.1 (21-266) 42.9 +22.4 (5-94) 41.2+19.3 (7-92)
11 117.6 £ 72.7 (13-297) 59.5+33.7 (6-157) 31.4+18.7 (1-89) 31.7+11.9 (10-55)
12 34.5 £ 38.2 (0-165) 18.6 +£19.5 (0-79) 9.3+£9.2(0-37) 14.9 £ 10.5 (0-37)

Ipumeuanue: M — cpenuee apupmernaeckoe, 2SE — 95% noBeputenbHblil HHTEpBal, Min — MUHAMAIbHOE 3HAYEHHE, MaX — MAKCHMAaIbHOE 3HAUCHHE.
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Puc. 4. Ce3oHHas TMHAMKKA YUCICHHOCTH cuByYa (Eumetopias jubatus) Ha penpoayKTHBHOM JiexkOuIe ocTpoBa MaThIKHITb
B 2013-2017 rr. BepxHue u HWKHHE TPAHUIBI IPSIMOYTOJIBHUKOB 0003HAYAIOT MEPBBIN M TPETUH KBAPTUIIN; BEPTHKAIbHBIC
JIMHUM (YCBD») — HHTEPBAJIbI, B KOTOPBIE ITOTTAaeT MO/IABIISIONIEe OOBITNHCTBO HAOIIOACHHH, HE MTPEBBIMIAIOIINX 3HAYCHHS
1.5 MEeKKBapTHIBHOTO pa3Maxa; TOPU30OHTANbHAS JIMHNS 0003HaYaeT MeJHaHy; TOYKH 0003HAYatoT BEIOPOCH! 3HAUCHHH.

Fig. 4. The seasonal abundance of Steller sea lion (Eumetopias jubatus) individuals on the Matykil Island’s rookery in 2013—
2017. The upper and lower borders of the boxes denote the first and third quartiles; vertical lines («whiskers») denote the
intervals, in which the vast majority of observations fall, not exceeding the value of 1.5 interquartile range of values; the

horizontal line denotes the median; dots denote outliers.

B 2013-2017 rr. Ha cHUMKax ¢ (oToperu-
CTPaToOpoOB Ha JIeKOUIIE Bcero ObLIO OOHapyxe-
HO 276 TaBpeHbIX cuBydeil. B cpennem B nepu-
on 2013-2016 rr. peructpupoBaiocs 154 + 2.2
(min—max: 116—-182) MeueHbIX KUBOTHBIX B TOJ.
B 2017 r. 6p110 3aperucTpupoBaHo 96 TaBpeHBIX
CHUBYYEH, YTO CBS3aHO C HEOOIBITUM O0O0BEMOM
IPOCMOTPEHHBIX (QoTrorpaduil, OrpaHMYEHHbIX
penpoayKTUBHBIM nepuopoMm. Cpenu HuUX Ipe-
o0nasanu KUBOTHBIE MECTHOTO IPOUCXOXKIe-
HUA. B penpogyKkTuBHBIA NEPUOJ OHM COCTaB-
a0t 82.7% ot oluiero uucia oOHAPYKEHHBIX
Ha JIeKOMIE TaBPEHBIX CHUBYYEH, a B OCEHHMM
nepuox — 68.9%. CuByun-MUTIpaHTHI, IOCETUB-
mue Jiexxoumie octpoBa MaTbhIKUIIb, IO CBOEMY
MPOUCXOXKIECHUIO OBUIM TIPEACTABICHBI YKUBOT-
HBIMH TIOYTH cO Bcex nexoum JlampHero Boc-
Toka Poccuu 3a uckiroyeHneM KuBOTHBIX ¢ Ko-
MaHJI0pcKkux ocTpoBoB. Bcero B 2013-2017 rr.
OBLIIO 3apeTUcTpUpPOBaHO 131 )KMBOTHOE HEMECT-
HOro npoucxoxzaeHus. Haubomnee vacto BCTpe-
YaJuch CUBY4YM ¢ OCTpoBOB TroneHuit (36.6%),
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Honnl (16.0%), Kamennsie JloBymku (13.7%),
pexe ¢ octpoBa bpar Uupnoes (6.8%), ocTpoBoB
Cpennero (6.1%), Paitkoke (9.9%), Aanudepona
(9.9%) u mpica Ko3noa y Boctounoii Kamuar-
ku (0.7%). Cpeau MeyeHbIX MUTPAHTOB, B OC-
HOBHOM, OBLJIM MOJIOAbIE CHUBYYHU U IOJYCEKAuH.
bonpmuHcTBO cuByueil-murpantos (61.8%) nHa-
Omrofanuch Ha OCTPOBE MATHIKWIIb JIUIIb OJUH
ce3oH. Hekortopele mocemanu sexOumie aBa
rozna u 6onsire (tadn. 3). Ho, kak npaBuio, npu
JOCTH)KEHUH PENpOAYKTHBHOTO BO3pacTa OHH
MOKHUJIAIA OCTPOB MarTbhIKuiib. 3a TEpPUOJ HC-
ClIeIOBaHUN OBUIO 3aperucTPUPOBAHO IIECTh
CaMOK-MUTPAHTOB PENPOIYKTUBHOTO BO3pacTa
(4 + neT), a ABE U3 HUX OTMEUEHBI HA JICKOUIIIE C
HOBOPOXKJICHHBIMH IIEHKaMH. B3pocibie camilsl
(8 + 7eT) ¢ mpyrux JaexOuI] B penpoyKTHBHBIN
MEPUOJI HE BCTPEUAIIUCh.

B 2015 r. B mone 3penust kamep Qgoroperu-
CTpaTOpoOB Tmomajn Mojoaoil cameu Zalophus
californianus Lesson, 1828. OH oTmeuancs Ha
nexowuie n1Ba AHs, 7 U 8 CEHTIOPA.
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Taoauna 3. Yncio mMoBTOPHBIX BCTPEY CHBYUYEH-MUTPAHTOB Ha ocTpoBe Martbikmis B 2013-2017 .
Table 3. The number of repeat sightings of migrant Steller sea lions (Eumetopias jubatus) on the Matykil Island’s rookery in 20132017

LII/IC.TIO TIOBTOPHO BCTPEUCHHBIX )KUBOTHBIX B Pa3HBIC T'OJIbI
fon 2013 2014 2015 2016 2017
2013 69 (100%) 26 (37.7%) 12 (17.4%) 3 (4.3%) 1 (1.4%)
2014 - 49 (100%) 22 (44.9%) 5(10.2%) 1 (2.0%)
2015 - - 54 (100%) 7 (13.0%) 1(1.9%)
2016 - - - 12 (100%) 4(33.3%)
2017 - - - - 19 (100%)

Ilpumeyanue: B ckoOKax yKaszaHa JI0JIst IOBTOPHO BCTPEYEHHBIX JKMBOTHBIX B IOCIICAYIONINE TO/A OC/IE HEPBOM NX PErHCTPaLHH.

O6cy:xnenne

Jlo MOMeHTa yCTaHOBKH aBTOHOMHBIX PETHU-
CTPaTOPOB U Hadajia KPyrJIOroJUYHOIO MOHHUTO-
pHUHTa CUBYYa Ha OCTPOBE MaTbIKUIIb CYUTAIIOCH,
YTO CUBYYH MOAXOIAT K JISKOUIY B Hauase Mas
U Jep)Karcs TaM 0 KOHIIAa CEeHTAOps — Hauala
OKTAOpS, a B 3UMHUIN MEpPUOJ KUBOTHBIE OTCYT-
cTByIOT Ha nexoOume (Anapees, 2011). Onna-
KO MBI OOHApPY>XMJIU, YTO B HACTOSIIUI MOMEHT
MAaCCOBBIM IIOJXOJ| CUBy4Y€l HAUYMHAETCS PaHb-
1I€, C CEPEINHBI allpeisi, U ’KUBOTHBIEC HAXOAATCS
Ha JIe)KOUIIe BIUIOTh J0 KOHIA jaexadps. B 3um-
HHUE MeECsIbl Ha Oepery ocTaioTcsi HeOOoJblIue
rpynnsl cuBy4ei. VICKIIroueHueM sBIIseTCs MapT,
KOTJla BOKpYr ocTpoBa Marbikmiib 00pa3yroTcs
IJIOTHBIE U OOIIMpPHBIEC JIEJAOBBIE IMOJIS, MPEMsT-
CTBYIOILIME BBIXOJY >XHBOTHBIX Ha Oeper. Msl
roJjiaraeM, 4To B 3TO BpeMsl CUBYYH JJIsl OTJbIXa
UCIIOJIB3YIOT JIe/l ¥ TIPU MOSBICHUU MEPBBIX pa3-
BOAMH TYT K€ BO3BpalLIalOTCs Ha 0CTpOB Marhbl-
Kuib. TakuMm 00pa3oM, CUByYM OOMTAIOT B paii-
OHE SIMCKUX OCTPOBOB KpyIIIbIi roJ. B Teuenue
roja OTMEYaeTCs JBa NMHMKAa YUCIECHHOCTH: JIET-
HUM, KOTOPBIM NMPOUCXOAUT B PE3yIbTare IOA-
X0/a CUBYUYEH K JIe)KOUIy Ui pa3MHOKEHHUS, U
OCEHHUH — BCJIEICTBUE MUTPALUU KMBOTHBIX C
JIPYTUX JIeKOUII.

[IpencraBnennbie B paboTe JaHHBIE MO 00-
el YUCIEHHOCTH MOJIOABIX U B3POCIBIX CUBY-
4yeil Ha OCTpoBe MaTBHIKIIb 3aHMXKEHBI 110 ABYM
npuyuHaMm. Bo-mepBbIX, (OTOPETUCTPATOPHI
YCTAaHOBJIEHBI TOJBKO Ha PENPOAYKTUBHOM JIEXK-
ouIie, U ABE XOJIOCTAKOBBIE 3aJIEKKH OCTAIOTCS
BHE I10JIs1 3peHHS 00bEKTUBOB Kamep. Bo-BTOpbIX,
YUCJICHHOCTh HUBOTHBIX Ha Qororpadusx c
doTOperucTparopoB, Kak MpaBUIO, OKA3bIBACT-
csa 3anmkeHHou (Marcotte, 2006; Goto et al.,
2022). D70 CcBA3aHO C 0COOEHHOCTAMH yCTAaHOB-
KM KaMep, XapaKTepOoM 3aJieTaHus CUByUYel (UyeM
IUIOTHEE 3aJIe)KKa, TeM OOJIblle OIMOKa IoJ-
cuera 3Bepei). K coxkxanenuio, HaMm HE yaajaoCh
CPaBHUTH JaHHBIE YHCJIEHHOCTH ¢ (poroperu-
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CTPaTOPOB M JaHHBIE a9pO0POTOCHEMKH C OecIH-
noTtHoro serarenbHoro anmapara (BITJIA) uz-3a
TeXHUYECKnX mpobieMm (He paboTaja omHA W3
HA3eMHBIX KaMep B MOMEHT a3POCHEMKH HITH K
B XOJI¢ TMOCEIICHHsI JeKOUIa 4acTh JKMUBOTHBIX
CXOJIMJIA B BOJY U B IaJIbHEHIIIEM Mepexoauia Ha
COCEJTHUE 3aJICIKKH ).

[To naHHBIM HccaenoBaTenael MperbAyLIINX
JEeT, B PEIPOAYKTUBHBII MEpPUOJ 0JIsI CUBYYEH
MECTHOTO IIPOMCXOKJEHHMS cocTaBisuia 84.5—
86.0%. CuBy4YH-MUTPAHTHI ObUTH, B OCHOBHOM,
MpEeICTaBICHBl MOJIOABIMUA CaMIIaMU, a JIOJIS TI0-
JIOBO3pPEINIBIX CaMOK COCTaBlsija He Ooiee 6%
(I'paues, bypxanos, 2005, 2015). Hamu nanusle
TaKKe MOATBEPHKIAIOT TH CBEICHHUS.

3akiouenune

B nenom, HecMOTps Ha OTIENbHbIE TEXHU-
yeckue cOou B pabore, aBTOMAaTHUUECKHE aBTO-
HOMHBIE (DOTOpErucTpaTopsl MO3BOJAIOT 3P PeK-
TUBHO BECTM MHOTOJIETHUN KpPYIJIOTOAWUYHBIN
MOHHUTOPUHI CHUBYYEHl Ha yJaJeHHOM JIexKOuIle
0oCTpoBa MarblKuiab U MOJy4aTh JOCTOBEPHYIO
UH(GOPMAIIMIO O TMPHUCYTCTBHU M Pa3MHOKEHUU
MEYEHbIX (TaBPEHBIX) >KUBOTHBIX. JljIsi TOUHOM
OIIEHKU OOIlell 4YMCIEeHHOCTH CHBydYell Ha u3-
y4aeMOM pENpOAYKTUBHOM JexOHIIe HeoOXo-
IUMO oOclieJOBaHHE W MOJCYET >KUBOTHBIX Ha
BCceX JIexkOumax ogqHoBpeMeHHo. OO0yCcTpOCTBO
HEPENpPOAYKTUBHBIX JIKOUI JOTMOJIHUTEIbHBI-
MU KaMepaMu M CepHsl MapajlielIbHbIX Y4YeTOB
no M300pakeHUsIM ¢ (PUKCUPOBAHHBIX Kamep U
aspodotoyueToB ¢ BITJIA mo3BoST onpenenuTh
HNOTPEIIHOCTh OLEHKH OOILIel YUCICHHOCTH C
MOMOIIBI0 (PUKCUPOBAHHBIX KaMep U J1aTyT BO3-
MOYXHOCTb 0OJiee TOYHO U TIOJTHO MPOCIEIUTH
JUHAMUKY 00I1leil YMCIEHHOCTU CUBYYa Ha BCEM
octpoBe MpuIThikUIb. HecMoTpss HAa HEOOOLEH-
Ky 00mieil 4YMCIEHHOCTH, Ha OCHOBaHUU IOJY-
YEHHBIX JaHHBIX MOXKHO CJieJlaTh HaJeKHbIe
BBIBOJIbI, YTO CE30HHAS YHMCIEHHOCTbh CHBYYEH
Ha npoTsibkeHun 2013-2017 rr. Ha ocTpoBe Ma-
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THIKWJIb 3aKOHOMEPHO HU3MEHsSJIach B IIMPOKUX
npezenax, Ho 0e3 SIBHO BBIPAKEHHOTO MEXIO-
JI0OBOTO TpeHAa. B HacTosmiee BpeMs nmpuMeHe-
HUE aBTOHOMHBIX (JOTOPETUCTPATOPOB SBISAETCSA
€IMHCTBEHHBIM JOCTYIHBIM METO/I0M KpPYyIJIOro-
JUYHOTO MOHUTOpHUHTIA JEXKOUI cuByYa B yia-
JICHHBIX U TPYJHOJOCTYNHBIX paioHax, Moao0-
HBIX JICKOUIY HA OCTPOBE MaThIKUIIb.

BaarogpapuocTu

ABTOpBI BBIP@KAIOT HCKPEHHIOI MPHU3HATEIbHOCTH
aJIMMHHUCTPAIlMM U KOJUIEKTHBY TOCYJapCTBEHHOTO MpPH-
poxHoro 3anoBeHIKA «Maraganckuii» (Poccust) 3a mocTo-
STHHY0 TIOMOIIb B IPOBEACHNHN HCCIICA0BAaHUI Ha OCTPOBE
MarbIkninb, KalmuTaHaM M JKUINAXaM CylnoB «AduHay,
«Catyphn», «AlipoH Jlegu» 3a 1ocTaBKy Hay4yHOH I'PYIIIBI
K MecTy paboT ¥ 01arornojiyuHoe ee BO3BpalleHUe JOMOM.
MHuoroneTHre HAOMIOACHUS HA OCTPOBE MaTHIKUIIb OBUTH
BO3MOXKHBI Onaromaps (uHaHCOBOH monmepxkke Harmo-
HAJIBHOTO MHCTUTYTA PHIOOXO3SHCTBEHHBIX NCCIIEOBAHNI
octpoBa Xokkaimo (SmoHwWs), AJSCKHHCKOTO PBIOOXO-
3STCTBEHHOTO LeHTpa HarumoHanbHOU Ciry’kKOBI MOPCKOTO
peidooBeTBa arentctBa HOAA (CILA), CeBepoTuxooke-
AHCKOM KOHCAJITUHIOBOM KOMIIAHUU IO IMKOW NPUPOAE U
xuBOTHBIM (CLIIA) m Bcemuproro ¢ponma AUKOH IPUPOIBI
WWEF-Poccus.

JonosHuTebHass uHGoOpManus
JonoxauTenbHass WHOpMamus K CTarbe
Kupuinosoit u np. (2024) moxeT ObITh HalIeHa
B DJIEKTPOHHOM NPHUJI0KEHUH.
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LONG-TERM REMOTE MONITORING OF THE ROOKERY OF
EUMETOPIAS JUBATUS (PINNIPEDIA, OTARIIDAE) ON MATYKIL ISLAND
IN THE MAGADAN STATE NATURE RESERVE (RUSSIA)
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The severe decline in the number of Eumetopias jubatus (hereinafter — Steller sea lion) almost throughout the
entire range has drawn the public attention to monitor the abundance and increase in research activity of the
species. In Russia, such a study has been conducted regularly since the early 2000s. It includes range-wide
population surveys in the Russian Far East, marking newborn pups and monitoring their survival, movements,
and reproduction success. In the first decade of the XXI century, observers conducted direct observations on
rookeries during the breeding season. Since 2011 a novel survey method has been used, using custom-made
autonomous high-resolution remote cameras, which have been taking images of the rookeries all year round. In
2013, six remote-camera units were installed in the Magadan State Nature Reserve (Russia) at the rookery of
the Steller sea lion located on Matykil Island. The cameras gathered images during day time every 5—30 min.
Maintenance of the photo recorders was carried out once per year in the summer period. A total of 721 927 pho-
tographs were collected during eight years of the surveys. Of them, 60 632 photographs were manually analysed
in this research. It was found that the Steller sea lions use the rookery throughout the year, with the exception of
March when a dense and wide ice cover in the study area prevents the Steller sea lions from reaching the shore of
Matykil Island. During the year, two peaks of the Steller sea lion population abundance were observed, namely
summer and, with a higher number of individuals, in autumn. In summer, females predominate on the rookery,
while in the autumn-winter period, young animals (mainly males) and mature (8+ years) adults. In winter, the
number of Steller sea lions was low on the shore. We have seen branded Steller sea lions on Matykil Island from
all rookeries in the Russian Far East, with the exception of animals born on the Commander Islands. The highest
number of migrant Steller sea lions appears in the autumn period, and it is represented mainly by young animals
(1-3 years old) and semi-adults (males aged 4—7 years). In general, the data obtained from images collected by
remote cameras during the entire year provided a detailed picture of the rookery used by Steller sea lions during
the entire annual cycle of their life and monitored the seasonal population dynamics, the sex and age composition
of animals on the shore, and the reproductive success of marked Steller sea lions. Currently, the use of autono-
mous remote cameras remains the only available method of year-round monitoring of the state and habitat use
of hard-to-reach remote Steller sea lion’s rookeries.

Key words: abundance, age-sex composition, branding, counts, marking, remote camera, seasonal population
dynamics, Steller sea lion, Yamskie Islands
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The European population of Cygnus columbianus bewickii has a declining trend in number of individuals. An-
thropogenic disturbance could be one of the reasons for this decline. Disturbance influences animal behaviour,
including the manifestation of behavioural lateralisation. Therefore, investigating the impact of anthropogenic
disturbance on behavioural lateralisation is essential for biodiversity conservation. Behavioural lateralisation
manifests itself in a preference to use one of two paired organs (limbs or sensory organs) and a preference to
avoid obstacles from a certain side. Earlier studies of behavioural lateralisation did not consider the locomotion
type as an independent variable factor in the analysis, although it could affect the manifestation of behavioural
lateralisation. We studied the influence of anthropogenic disturbance on behavioural lateralisation of swans,
depending on the type of locomotion (swimming or flying). We have analysed 492 photos from aerial counts
of two swan species (Cygnus columbianus bewickii, C. cygnus) in Yamal Peninsula and Gydan Peninsula. The
photos were taken from a plane, while the birds were escaping from it as a source of anthropogenic disturbance.
Pairs without and with chicks alone or in flocks were encountered swimming or flying. We found that swimming
swans had a strong right-sided bias and right-eye bias for avoidance and observing the source of anthropogenic
disturbance, and flying swans had a left bias. Swimming C. c. bewickii and C. cygnus exhibited similar behav-
ioural lateralisation. These results were the same for following and leading birds. The presence of chicks did not
change the direction of behavioural lateralisation but strengthened it for the following partners. The differences
in behavioural lateralisation could be caused by the fact that swans in flight experience greater fear of a present
aircraft than when they are on water. We conclude that the locomotion types influence behavioural lateralisa-
tion in response to anthropogenic disturbance. We recommend paying attention to accompanying factors when
comparing the results of lateralisation studies. As the left side bias of flying birds in our study indicates that fly-
ing birds are more stressed than swimming ones, we recommend not forcing birds to fly during observations to
reduce their stress.

Key words: anxiety, chicks, Cygnus columbianus bewickii, Cygnus cygnus, flying, Gydan Peninsula, motor
lateralisation, swimming, visual lateralisation, Yamal Peninsula
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Introduction

Anthropogenic disturbance affects animal
behaviour by increasing vigilant behaviour and
decreasing feeding and resting behaviour (Rid-
dington et al., 1996; Kruckenberg et al., 2008; Bel-
lebaum & Kruckenberg, 2009). As a result, feeding
intensity, accumulation of body reserves, chicks’
survival, and breeding success are reduced (Black,
2001; Mainguy et al., 2002; Féret et al., 2005). The
impact may be especially strong for threatened spe-
cies with small or declining populations. However,
changes in behaviour under anthropogenic distur-
bance manifest themselves not only in changes in
the proportions of various types of behaviour. In
our study, we focused on the impact of anthropo-
genic disturbance on behavioural lateralisation.

Lateralised processing by the nervous sys-
tem is a property of most bilaterally symmetri-
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cal animals (Rogers et al., 2013). The dominance
of one brain hemisphere in the implementation
of any function can be manifested in animal be-
haviour in the form of one-sided preferences,
such as a limb-use preference for various tasks
(Friedmann & Davis, 1938; Vince, 1964; Da-
vies & Green, 1991; Rogers & Workman, 1993;
Gutiérrez & Soriano-Redondo, 2020), avoiding
a collision with an obstacle from either side in
flight (Bhagavatula et al., 2014), spinning in
one direction while feeding on water (Gutiér-
rez & Soriano-Redondo, 2020), or inspecting a
stimulus with one eye (Rogers et al., 2013). The
lateralisation bias of the brain allows avoiding
conflicts between various behaviours performed
simultaneously and increases brain productivity
and compactness (Levy, 1977; Vallortigara et al.,
2011; Vallortigara & Versace, 2017; Vallortigara
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& Rogers, 2020). Lateralised animals are more
successful in such important survival tasks as
feeding and avoiding predators (Giintiirkiin et al.,
2000; Rogers et al., 2004). Furthermore, there is
evidence that the degree of lateralisation is posi-
tively correlated with cognitive ability (Magat &
Brown, 2009; Vallortigara & Rogers, 2020).

In the vertebrate animal brain, including the
avian brain, the optic nerves cross virtually com-
pletely, and the input from the left eye is mostly
confined to structures of the right hemisphere and
vice versa (Workman & Andrew, 1986; Rashid
& Andrew, 1989; Jeffery & Erskine, 2005). Pre-
vious studies demonstrated that a lateralisation
bias for the left hemisphere and right eye appears
in the processing of positively connoted emo-
tions (Leliveld et al., 2013) and provides more
subtle differences between food and non-food
items (Mench & Andrew, 1986; Alonso, 1998;
Giintiirkiin et al., 2000). A bias for the right
hemisphere and left eye is common in novelty
detection (Rogers & Kaplan, 2005; Charles et al.,
2021) and responsible for negative emotions such
as aggression (Vallortigara et al., 2001; Krakauer
et al., 2016; Rogers et al., 2018) and fear (Dhar-
maretnam & Rogers, 2005).

Nevertheless, in one type of behaviour, ani-
mals may have opposite biases according to the
circumstances. When animals see or hear actual
predators or threats, the left-eye-right-hemi-
sphere system is responsible for predator detec-
tion in birds (Rogers & Kaplan, 2005; Koboroff
et al., 2008; Rogers et al., 2018), mammals
(Austin & Rogers, 2014), and reptiles (Martin
et al., 2010; Bonati et al., 2013). In anti-pred-
ator vigilance for potential (not actual) preda-
tors, animals prefer to use the right eye for scan-
ning the environment (Junco hyemalis Linnaeus,
1758 (Franklin & Lima, 2001), Anser cygnoides
Linnaeus, 1758, Fulica atra Linnaeus, 1758
(Randler, 2005), and Calidris pusilla Linnaeus,
1766 (Beauchamp, 2013)).

It is important to note that in the above men-
tioned studies, birds used different types of lo-
comotion. For instance, Gymnorhina tibicen
Latham, 1801, used the left eye for the detection
of threats by jumping, pecking at the predator,
circling, or viewing it in an alert posture (Ko-
boroff et al., 2008). Similar results were obtained
for Taeniopygia guttata Vieillot, 1817, sitting
on a perch in an experimental cage, and in Gal-
lus gallus domesticus Linnaeus, 1758, staying
in the centre of an experimental circular arena
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(Rogers, 2002). The opposite results were ob-
tained when birds were walking during feeding
(Franklin & Lima, 2001; Beauchamp, 2013). At
the same time, locomotion types have not been
investigated as an independent factor in earlier
lateralisation studies. However, even in locomo-
tion-controlled experiments, different species
may show opposite lateralisation. While walk-
ing during feeding, Junco hyemalis directed their
right eye outward more often than would be ex-
pected by chance, and Spizella arborea Wilson,
1810 had non-significant tendency to favour the
left eye in the same locomotion type (Franklin
& Lima, 2001). This suggests that laterality may
differ even in closely related species.

The distance to the source of anthropogenic
disturbance affects the manifestation of visual lat-
eralisation as well. Anser albifrons Scopoli, 1769,
feeding closely to the road, preferred to keep the
source of disturbance in the left visual field. In
contrast, geese located at a greater distance from
the disturbance source observed it with the right
eye (Zaynagutdinova et al., 2020). Furthermore,
anthropogenic disturbance affects the manifesta-
tion of visual lateralisation not only in vigilant
behaviour but in other behaviour as well. For
example, a study of Branta leucopsis Bechstein,
1803 and Anser albifrons found that disturbance
could influence the manifestation of visual later-
alisation in observing the partner while feeding.
Visual lateralisation was manifested under calm
conditions and was lacking under disturbing con-
ditions (Zaynagutdinova et al., 2021).

Information on motor lateralisation during
flying and swimming is insufficient and requires
more detailed studies. Bhangavatula et al. (2014)
demonstrated individual motor lateralisation in fly-
ing Melopsittacus undulates Shaw, 1805 to avoid
obstacles, but there were no significant results in
Tachycineta bicolor Vieillot, 1808 at a population
level (Mandel et al., 2008). Three shorebird spe-
cies (Phalaropus fulicarius Linnaeus, 1758, Phal-
aropus lobatus Linnaeus, 1758, and Phalaropus
tricolor Vieillot, 1819) showed significant motor
lateralisation while feeding on water (Gutiérrez
& Soriano-Redondo, 2020). Furthermore, it has
been suggested that motor lateralisation might be
due to visual lateralisation (Bhagavatula et al.,
2014; Baciadonna et al., 2022).

Waterfowl are very sensitive to anthropo-
genic disturbance during breeding and moulting
periods. Birds are especially vulnerable to dis-
turbance while they are flightless. For example,
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Cygnus columbianus (Ord, 1815) loses their
flight ability during moulting, which starts in the
second half of the brood rearing period (Earnst,
1992). When waterfowl are not able to fly in
the moulting period, their behaviour could dif-
fer from other periods. As precocial birds (Nice,
1962), waterfowl move a lot with their broods
(Boiko & Kampe-Persson, 2012), and parents
have to pay attention to their brood and monitor
the environment simultaneously. These behav-
ioural factors may affect behavioural lateralisa-
tion in a similar way for various species. As un-
derstanding the influences of disturbance effects
on animal behaviour is essential for biodiversity
conservation, we aimed to study the influence of
anthropogenic disturbance on behavioural later-
alisation in swans under various circumstances.
Since the type of locomotion as an independent
factor for the manifestation of behavioural lat-
eralisation had not been investigated before, our
task was to compare behavioural lateralisation in
swimming and flying birds. Another task was to
evaluate the sustainability of behavioural bias for
particular locomotion types under various condi-
tions: for leading and following birds, for fami-
lies with or without chicks, and for phylogeneti-
cally closely related species.

Waterfowl could be a good model for such
studies as it is possible to observe their walking,
swimming, and flying behaviour. Cygnus colum-
bianus bewickii Ord, 1815 (Koblik & Redkin,
2004), was chosen as an object for the study.
The European population of C. c. bewickii has
been declining (Beekman et al., 2019) and is
considered Vulnerable (BirdLife International,
2021; Red Data Book of the Russian Federation,
2021). The reasons for the decline are not clear
yet (Beekman et al., 2019). Anthropogenic dis-
turbance could be one of the causes. The other
species chosen for the study was the closely re-
lated Cygnus cygnus Linnaeus, 1758.

Material and Methods

Material collection

Previous studies have shown that Cygnus c.
bewickii and C. cygnus breed on the Yamal Pen-
insula and the Gydan Peninsula, Western Siberia,
Russia (Syroechkovski, 2002; Fang et al., 2020).
We analysed photos of swans taken during aerial
surveys conducted on these peninsulas between
24 June and 03 October in 2015-2017 and 2019—
2020. These periods correspond to the brood rear-
ing, moulting, and autumn migration of swans
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(Pennycuick et al., 1996; Boiko & Wikelski, 2019;
Vangeluwe et al., 2018). The surveys were carried
out using a Sterkh-1 aircraft, flying on sub-merid-
ional transects or perpendicular to the sea coast.
The co-ordinates of the transects were provided
by local Fish and Game Service. The flights were
conducted at an altitude of 38 m a.s.l. at a speed of
80—100 km/h. Photos were taken from both sides
of the aircraft at a distance of up to 200 m for ev-
ery bird or flock observed, with a total count width
of 400 m. Photos were taken from both sides of
the aircraft with equal probability. To eliminate re-
peated photos of the same birds, we analysed only
those taken at a distance higher than 1 km from
each other. Swans were observed swimming on the
water or flying in the air, and only the first photo of
each pair of birds was included in the analysis. In
total, we analysed 492 photos.

Analysis of the photos

We analysed 363 photos of pairs of C. c. be-
wickii and 129 photos of pairs of C. cygnus. Cyg-
nus c. bewickii in the photos were swimming or
flying. The swimming C. c. bewickii were with
or without chicks. Cygnus cygnus were only ob-
served swimming without chicks. We considered
two swans a pair when there were only two swans
in the photo and the distance between them was
less than 10 m. If the birds were in a flock, we con-
sidered two swans a pair if they had a distance be-
tween each other of up to 3 m, and the other birds
were more than 10 m away from them. The maxi-
mum flock size was 39 birds. The distance between
swans was determined according to the size of the
swan’s body without its neck and head, which cor-
responds to 0.7 m. Consequently, we counted the
number of bodies between the swans and multi-
plied this amount by 0.7. As a rule, one swan in
a pair was behind the partner. In such cases, the
first bird was classified as the leading bird, and the
bird located behind was classified as the following
bird. We also recorded the presence and absence
of chicks in swan pairs. Birds could be moving in
any direction relative to the plane. We determined
the direction of escape and the side that the swans
turned to the anthropogenic disturbance (aircraft).
We included in the analysis only the photos with
the swans turned to the aircraft on the right or left
side. We supposed that swans use the right or left
eye for observing the plane as the source of an-
thropogenic disturbance because the eyes of swans
are positioned at the left and right side of the head.
A study of another Anseriformes species, Branta
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canadensis Linnaeus, 1758, showed that the visual
field for each eye is 135 degrees and the binocular
overlap is 20 degrees (Heppner et al., 1985). Thus,
the side vision is essential for geese and swans.

Statistical analysis

For our statistical analysis, we used samples of
> 50 photos. The samples of C. c. bewickii without
chicks included 65 leading flying birds and 65 fol-
lowing flying birds. We also included 103 leading
swimming C. c. bewickii and 104 following swim-
ming C. c. bewickii without chicks. The samples
of leading and following swimming C. c. bewickii
with chicks numbered at 77 and 73 birds, respec-
tively. Finally, we considered 65 leading and 64
following swimming C. cygnus without chicks.

We used a binomial z-score to reveal the sig-
nificance of the bias to keep the plane on the left
or right side of the body and in the left or right
visual field. Swimming leading and following C. c.
bewickii and C. cygnus without chicks, swimming
leading and following C. c¢. bewickii with chicks
and flying leading and following C. c. bewickii
without chicks were included in the analysis. The
binomial z-score was calculated using the web-site
https://www.socscistatistics.com/tests/binomial/
default2.aspx. We used a chi-squared test to find
differences in lateralisation bias in leading swim-
ming and flying C. c. bewickii without chicks, fol-
lowing swimming and flying C. c. bewickii without
chicks, leading swimming C. c. bewickii with and
without chicks, as well as following swimming C.
¢. bewickii with and without chicks. Using a chi-
squared test, we also compared the differences in
behavioural lateralisation in swimming leading
C. c. bewickii and C. cygnus without chicks and
swimming following C. c. bewickii and C. cygnus
without chicks. We used RStudio (ver. 4.1.4; R
Core Team, 2021) for performing the chi-squared
test and creating the graphs.

Results

Flying C. c. bewickii without chicks (Fig. la;
Table 1) had a strong bias for keeping the source of
disturbance on the left side and observing it by the
left eye. A left side bias was found both in leading
and following flying birds of C. c. bewickii. By con-
trast, the swimming C. c. bewickii without chicks
had a right-side bias for keeping and observing the
source of disturbance. Thus, the flying individuals
tended to keep the plane on the left side and in their
left visual field, while the swimming birds tended to
keep the plane on the right side in their right visual
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Fig. 1. Behavioural lateralisation when escaping from a
disturbance source in various species and under different
conditions. Designations: a — flying Cygnus cygnus keep
the plane on their left side and in their left visual field; b —
swimming Cygnus columbianus bewickii with chicks keep
the plane on their right side and in their right visual field;
¢ — swimming Cygnus cygnus without chicks keep the plane
on their right side and in their right visual field.

field. The difference was significant for the flying
and swimming leading birds without chicks (Chi-
square test: x> = 8.84, p = 0.003) and for the flying
and swimming following birds without chicks as
well (Chi-square test: x> = 10.73, p = 0.001).
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The swimming C. c. bewickii with chicks
(Fig. 1b), similar to the birds of the same spe-
cies without chicks, showed a strong preference
for keeping the plane on their right side and
in their right visual field. The same trend was
observed for the leading and following birds.
No differences between birds with chicks and
without chicks were found for the leading birds
(Chi-square test: x> = 2.53, p = 0.111). Never-
theless, the proportion of following birds keep-
ing the source of disturbance on the right side
and observing it with the right eye was higher
for the birds with chicks than for the birds with-
out chicks. A significant difference was found
for the following partners with and without
chicks (Chi-square test: ¥ = 5.24, p = 0.024).
Consequently, the presence of chicks did not

appear to change the behavioural biases of the
swimming birds, but it seemed to increase a
right-side bias for the following partners.

The swimming C. cygnus (Fig. 1c) mani-
fested the same bias in keeping the threat on
the right side and observing it with the right
eye, as C. c. bewickii. The leading swimming
individuals of C. cygnus and C. c. bewickii in
pairs without chicks showed a significant pref-
erence for this type of lateralisation. The fol-
lowing birds manifested a similar trend, but it
was not significant in C. cygnus, while it was
significant in C. c¢. bewickii. Nevertheless, no
differences between the species were found
(Chi-square test: x> = 0.17, p = 0.680 for lead-
ing birds, and y>=0.19, p = 0.659 for following
birds) (Table 1; Fig. 2).

Table 1. Behavioural lateralisation towards a source of anthropogenic disturbance in swimming and flying pairs of Cygnus

cygnus and C. columbianus bewickii with and without chicks

Species Activity Chicks Position Left Right Sum Bias z p-value
C. c. bewickii Flying - Leading 42 23 65 Left +2.23 0.012
C. c. bewickii Flying - Following 42 23 65 Left +2.23 0.012
C. c. bewickii Swimming - Leading 41 62 103 Right -1.97 0.024
C. c. bewickii Swimming - Following 39 65 104 Right -2.45 0.007
C. c. bewickii Swimming + Leading 21 56 77 Right -3.87 <0.001
C. c. bewickii Swimming + Following 15 58 73 Right -4.92 <0.001
C. c. bewickii Swimming + Following 15 58 73 Right -4.92 <0.001
C. cygnus Swimming - Leading 23 42 65 Right -2.23 0.012
C. cygnus Swimming - Following 27 37 64 No -1.12 0.130

Note: z — binomial z-score. Designations: «Left» is a significant bias for keeping the plane on the left side and observing the plane with the
left eye (p < 0.05); «Right» is a significant bias for keeping the plane on the right side and observing the plane with the right eye (p < 0.05).

Z-binominal z-score

Locomotion types and species
. Flying C. c. bewickii
A Swimming C. c. bewickii

. Swimming C. cygnus

The position in the pair
and the presence of
chicks in the pair

Following, with chicks
Following, without chicks

’ Leading, with chicks

. Leading, without chicks

Right No preference

Left

Preference of the avoidance side and visual field to the source of disturbance (plane)

Fig. 2. The z-score of the preference to keep the source of danger (plane) on a certain side and use a certain eye for observing
the threat. Designations: «Left» is a significant bias for keeping the plane on the left side and observing the plane with the left
eye (p < 0.05); «No preference» is no lateralisation (p > 0.05); «Right» is a significant bias for keeping the plane on the right

side and observing the plane with the right eye (p < 0.05).

24



Nature Conservation Research. 3anoseonasn nayxa 2024. 9(1): 20-29

https://dx.doi.org/10.24189/ncr.2024.003

Thus, the flying birds had a left bias in avoid-
ance and observing the source of disturbance,
while the swimming birds had a right bias. The
right bias of swimming birds was consistent for C.
c. bewickii and C. cygnus, for leading and follow-
ing partners, and for birds with and without chicks.

Discussion

Our study has found that birds display oppo-
site lateralisation when observing a disturbance
source while swimming and flying. Swimming
birds tend to keep the disturbance source on their
right side and in the visual field of the right eye
while flying birds tend to keep the disturbance
source on their left side and in the visual field of
the left eye. Previous studies on some gregarious
species of birds found motor lateralisation while
flying and swimming at the individual level, but
no lateralisation at the population level (Mandel
et al., 2008; Bhagavatula et al., 2014; Gutiérrez
& Soriano-Redondo, 2020). Our findings con-
tradict these results as we observed a significant
behavioural bias at the population level. This
difference could be attributed to the fact that in
the previous studies the birds were avoiding ob-
stacles while flying or feeding while swimming
whereas in our study the birds were escaping
from a source of danger while swimming or fly-
ing. Another possible reason is the high sociality
of swans. Swans are social birds with long-term
family bonds (Scott, 1980). A greater sociality is
associated with higher lateralisation behaviour,
as demonstrated in fish (King et al., 1998).

Swans in flight are likely to perceive the pres-
ence of a plane as a more threatening situation
and experience greater fear than when they are
on the water. As a result, the right hemisphere of
the brain might be more active, and the source of
disturbance is monitored with the left eye. It has
been demonstrated that Gymnorhina tibicen have
a left-eye bias when leaving a predator (Koboroff
et al., 2008) or an approaching person (Hodges
& Eldridge, 2001) and a right-eye bias when ap-
proaching a predator to study it during a state of
low excitement (Koboroff et al., 2008). Another
possible explanation is that swans in flight have
to assess potential sources of danger faster and
react to them immediately. The right hemisphere
and left eye are often responsible for such tasks
(Rogers & Kaplan, 2005, 2019; Rogers, 2010).
This would be in line with other studies dem-
onstrating that the left eye and right hemisphere
are responsible for the observation of concrete
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threats (Rogers & Kaplan, 2005; Martin et al.,
2010; Bonati et al., 2013) or threats located more
closely (Zaynagutdinova et al., 2020). Addition-
ally, the right hemisphere is also responsible for
better orientation in space (Rogers, 2002), such
as orientation relative to a plane. In contrast,
swimming birds might perceive a plane as less
dangerous and experience less fear. They are in
a better position to determine which category the
observed object belongs to and whether it will be
dangerous. The left-hemisphere-right-eye system
is responsible for scanning the environment when
performing other tasks (Franklin & Lima, 2001;
Randler, 2005; Beauchamp, 2013) and for deter-
mining a tiny difference in stimulus (Karenina &
Giljov, 2022) that could be used in swimming.

Our analysis of swimming birds’ behaviour
showed the consistency of right-sided avoid-
ance and a right-eye bias for this type of locomo-
tion. Both leading and following partners dem-
onstrated right-sided avoidance and a right-eye
bias while swimming. The presence of chicks did
not influence lateralisation in most cases but ap-
peared to strengthen the lateralisation bias in the
following partners.

No difference between the swan species was
found in observing the disturbance source. De-
spite the fact that for following birds in C. cygnus,
visual bias had the same tendency as for following
birds in C. c. bewickii, but was non-significant.
It is noteworthy that phylogenetically closely re-
lated species of swans had no significant differ-
ences in behavioural lateralisation in response to
disturbance. This is contrary to previous findings
on Passeriformes. The discrepancy might be due
to the small sample size in the study of Franklin
& Lima (2001). An alternative explanation is that
behavioural lateralisation is more conservative in
Anseriformes than in Passeriformes.

Our results suggest that conclusions on simi-
lar or opposite manifestations of motor and vi-
sual lateralisation in various species should only
be made on the basis of studies with similar
conditions. For example, a predator presenta-
tion test for visual lateralisation was conducted
in similar experimental conditions in three spe-
cies of toads, namely Bufo bufo Linnaeus, 1758,
Bufotes viridis Laurenti, 1768, Rhinella marina
Linnaeus, 1758, and revealed stronger escape or
defense responses in all three species when the
stimulus was on the toad’s left side (Lippolis et
al., 2002). Besides, in Podarcis muralis Laurenti,
1768 (Bonati et al., 2013), Sminthopsis macroura
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Gould, 1845 (Lippolis et al., 2005), and Gallus
gallus domesticus (Rogers, 2002), the same test
also showed a stronger reaction to the predator
when it was located in the left visual field. This
may indicate the specialisation of a certain hemi-
sphere for specific tasks. In our study, we could
not separate motor lateralisation from visual lat-
eralisation. However, it is important to study the
manifestation of these types of behavioural bi-
ases separately.

As the behavioural bias was the same for the
two phylogenetically closely related species and
for the following and leading partners, we can
conclude that the type of locomotion could influ-
ence the manifestation of behavioural lateralisa-
tion. Therefore, special attention should be paid to
the details when comparing the results of various
studies conducted under different circumstances.

As anthropogenic disturbance affects animal
behaviour in general and behavioural lateralisa-
tion in particular, behavioural responses to such
disturbance should be studied primarily in threat-
ened species. The left side bias shown by the fly-
ing birds in our study indicates that flying birds
are more stressed than swimming ones. To avoid
causing unnecessary stress to birds, our recom-
mendation to everyone conducting surveys or
research is that birds should not be forced to fly.

Conclusions

The locomotion type affects the direction of
behavioural lateralisation in the observation of a
disturbance source in swans. Cygnus c. bewickii
had a left side bias in avoidance and observation
of a source of disturbance while flying and a right
bias while swimming. The right bias of swim-
ming birds was consistent for leading and fol-
lowing partners in pairs, for birds with and with-
out chicks, and for two species of swans, namely
Cygnus c. bewickii and C. cygnus.
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MNOBEJEHYECKAS JIATEPAJIM3ALIUSA JEBEJIEN
B OTBET HA AHTPOIIOI'EHHOE BECIIOKONCTBO PA3JIMYAETCSI
B 3ABUCUMOCTHU OT TUITA JTOKOMOLUN
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UucneHHOCTH eBporneiickoi nomynsun Cygnus columbianus bewickii B mocneqHue IecATIICTHS HEYKIOH-
HO CHIDKAeTcsl. AHTPOIIOTEHHOE OECHOKOHCTBO MOXET OBITh OJHOM M3 MPUYMH HAOIIONAEMOr0 CHHIKCHUS
yucieHHOCTH. OHO BIMSIET HA ITOBEACHNE )KUBOTHBIX, BKIIIOYAsl IOBEJCHUYECKYIO JIaTePaTH3aLHI0, I0ITOMY
nH(pOpMaLys O BIMSHUH aHTPOIIOICHHOT0 OSCIIOKOMCTBA Ha MOBEICHUESCKYIO JIaTepali3alliio UMeeT 3Haue-
HUe JUIs coXxpaHeHHs OuopazHooOpasus. [loBeneHveckas naTepaiu3alus IPOsSBISCTCS B IPEAIIOYTCHUH HC-
[IOJIB30BaTh OJMH M3 MAPHBIX OPraHOB (KOHEYHOCTH WIIM CEHCOPHBIC OPTaHbl) M B NPEIINOYTEHHH OOXOAUTD
NPEISITCTBHS C ONPENeNICHHOW CTOPOHBL. [Ipexplnyline ucciaeIoBaHUs NOBEICHYSCKON JlaTepan3alud He
BKJIFOYAJIM THI JIOKOMOLMH, KaK HE3aBUCHMBIH ()aKTOp B aHAJIU3, OJHAKO OH MOXKET BIIMATH Ha IOBEICH-
YecKyro Jlarepanu3anuio. Takum oOpa3oM, NOBeIeHYECKas JaTepali3anns MOXKET [OABEPraThCs BIHSIHUIO
pas3INYHBIX (GAKTOPOB, KOTOPBIC CIIEAYET YUUTHIBATh IIPH BHIIIOJIHECHUH UCCIENOBaHUSA. MBI H3YYHIIN BIUSHUE
AHTPOIIOTCHHOTO OECIIOKOICTBA HA MOBEICHYESCKYIO JIaTepaIn3altio jiedenell B 3aBUCHMOCTH OT THIIA JIOKO-
MoOIHH (TUIaBaHUS U 1oyieta). Mel mpoaHanu3upoBain 492 ¢ororpaduu ¢ a3popoTOCHEMOK IByX BHIOB Jie-
oeneit: Cygnus columbianus bewickii u Cygnus cygnus Ha moxyoctpoBax Sman u ['sinan. @otorpaduu Obun
C/IeNIaHbI C CaMoJIeTa, B TO BpeMs, KOrja NTHIBI H30eran ero Kak HCTOYHUK aHTPOIIOTeHHOTo OeCHOoKOMCTBa.
BeTpeyanuch kak OJMHOYHBIC Aphl 0€3 IITEHLOB, TaK ¥ ¢ NTeHHaMu. [lapbl NTHI MOIIH OBITh TAKXKE B CTAsX.
[TTHIIBI TUTBLIH 11O BOJE MM JIeTeNU B HeOe. Mbl 00Hapy KHJIH, YTO IUIaBalOIIKe JIe0ean Yamle AepKail HCTOY-
HUK aHTPOITOTEHHOTO OECIIOKOKCTBA CIIpaBa OT ceOs 1 HaOI0Iai 3a HUM IIPaBbIM T1a3oM. Jlebenn B momeTe,
HaIPOTHUB, Yallle JIeprKali UCTOYHUK aHTPOIIOTCHHOTO OSCIIOKOMCTBA CiieBa OT ce0s U B 110JIe 3PCHUS JICBOTO
mraza. Hamumuue NTEHIOB 3HAYMMO HE BIMSJIO Ha MOBEICHYECKYIO JIaTepasn3alnio, Ho ycuiusaio ee. C. c.
bewickii w C. cygnus NPOSBISIIA CXOAHYIO MOBEACHUSCKYIO JIaTePaTH3aLi0, KOIIa IUIBUIH. DTH Pe3yJIbTaThl
OBUIM OZIMHAKOBBIMH, KaK JJIsl BEJOMBIX, TaK U JJIs BeIYIIMX NTHI. Pa3HuIA B TOBEICHYECKOIT IaTepatn3alin
JEeTSAIIUX U IUIBIBYIIUX ITUL MOXET OBITh BBI3BAaHA TEM, YTO JIEOCAM B MOJIETE UCIBITHIBAIOT OONBIINIT cTpax
OT HAJIMYHs CaMOJIeTa, YeM KOTIJja OHU HAaXOJATCs Ha BoAe. MBI CUUTAEM, YTO THII JOKOMOLIMH BIHSET Ha IO-
BEJICHUECKYIO JIATePAIH3aLHUIO 110 OTHOIICHHIO K aHTPOIIOTEHHOMY O€CIIOKOHMCTBY, II03TOMY IIPU CPaBHEHUH
pe3yIbTaTOB MCCIICAOBAHUM 110 JlaTepalu3aliy MOBEICHHS Mbl PEKOMEH1yeM 00paliaTh BHUMaHUE Ha COIYT-
cTBYROLIHME (HAKTOPBI, B TOM YHCJIE M HA THII IOKOMOLIMH KHBOTHBIX. [10CKOIBKY JISTSAIINE NTHLBI JepiKau ca-
MOJIET cJIeBa OT ce0s ¥ B TI0JIe 3pEHUS JICBOTO IVIa3a, YTO yKa3bIBaeT Ha TO, YTO JIETAIIME ITULBI UCIIBITHIBAIOT
OoNbIIMIA CTpece, YeM IUIBIBYLINE, Mbl PEKOMEHIyeM 00paliaTh BHUMAHNE MIPU MIPOBEACHUH HCCIIEI0BaHHN
Ha METOJBI M PACCTOSIHUE JI0 )KUBOTHBIX M HE JOIYCKaTh B3JI€Ta NTHUIL, YTOOBI HE CTPECCUPOBATH KUBOTHBIX
BO BpPEMS Y4ETOB.

KuaroueBsie cioBa: Cygnus columbianus bewickii, Cygnus cygnus, 6€CTIOKOMCTBO, BU3yallbHAs JIaTepan3a-
L¥sI, MOTOpHAs JIaTepaIn3alys, IaBaHue, [OJIeT, IT0JyocTpoB SIMai, moayocTpoB ['bliaH, NTEHIIbI
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Olonets grasslands (61.041111° N, 32.931389° E) are the most extensive agrolandscapes in the Republic of Kare-
lia (Northwest Russia), one of the largest spring stopovers of migrating birds in Northern Europe and a breeding
area of farmland-associated birds. This territory is essential for the life of many bird species and is listed among
international-level Important Bird and Biodiversity Areas of Russia. However, the preservation level of Olonets
grasslands is rather low, since only spring hunting has been prohibited in a part of the Olonets grasslands (49 km?)
since 1993. Thus, the conservation status of this area and the bird protection measures have to be upgraded and a
system should be set up for monitoring the abundance of Red Data Book and other threatened species, which use
this territory in certain stages of their life cycle. One of such species is Numenius arquata (hereinafter — curlew),
many populations of which have both declining abundance and shrinking distribution. This species uses the Olo-
nets grasslands both as a spring migration stopover and as a breeding area. We analysed the curlew registrations
obtained in the Olonets grasslands in April and May 1997-2023 during the transect censuses (both transect walks
and surveys using a car). We compared these records with both local weather data and grassland use intensity. We
also analysed the time dependence of curlew spring abundance on date and year of observations. The research
hypothesis was that curlew’s abundance decreased in cold spring seasons, in seasons with intensive grassland use,
as well as over time. The latter supposition is based on the observations of a curlew population decline in the past
decades in various parts of the species’ range. The monitoring showed that this species is consistently present in
the Olonets grasslands in April — May. Curlews, stopping over on migration, used the grasslands quite evenly, with
no clear preference for any specific areas. In the case of breeding, however, they tended to choose the sites most
inconvenient for agricultural treatments. The even distribution of curlews over the grasslands was probably due
mostly to the individuals foraging in stopovers. In the surveyed part of the Olonets grasslands (49 km?), the size
of the local population breeding varied from 30 to 150 pairs in 1999-2023. In 2019-2023, it was 30-90 pairs. In
the entire Olonets grasslands (180 km?), the breeding curlew population varied from 100 to 1200 pairs at various
years in 1999-2023, but it did not exceed 100-300 pairs in 2019-2023. During the stopping over on migration,
the annual number of curlew individuals passing through the surveyed part of the Olonets grasslands was 90—750,
while it was 150-2500 birds in the entire Olonets grasslands. So far, we have found no correlation between the total
abundance of curlews in the study area and the intensity of grassland use, apparently because stopover and breeding
sites are still available. On the other hand, the curlew abundance was lower in warmer spring seasons. Apparently,
some curlews fly farther north in such seasons, whereas in colder seasons more birds settle on Olonets grasslands
or linger on them on their migration route. Over 25-year retrospective, the total curlew abundance registered in
the Olonets grasslands has decreased by 34.4%. In the study area, the negative trend in the species abundance was
likely due not only to local but also to global processes, which have caused a decline in some other European popu-
lations as well. These birds probably face with certain problems on flyways or in wintering grounds, but more data
are needed to verify this conjecture. The local-scope factors that may potentially affect curlew abundance include
burning of last year’s grass cover, farming intensification, predation, and human disturbance. By assessing possible
future changes in the curlew abundance in the Olonets grasslands, we predict that in the coming 30—40 years this
species is highly likely to become «endangered» in the study area. To prevent this from happening, it is necessary
to conserve the sites where curlews can nest, strengthen the protection regime in the Olonets grasslands (preferably
through designation of a high-status Protected Area), and raise public awareness of the need to conserve the species
and reduce human disturbance.

Key words: agrolandscape, monitoring, Protected Area, protected species, wader
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Introduction
Numenius arquata (Linnaeus, 1758) (herein-
after — curlew) is a wader species assessed by the
International Union for Conservation of Nature
(IUCN) under the Near Threatened (NT) status
(BirdLife International, 2023). Some populations
of the nominate subspecies, N. a. arquata (Lin-
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naeus, 1758), are included in the Red Data Book
of the Russian Federation (Sviridova, 2021) under
the status «subspecies populations with a decreas-
ing abundance and distribution» (vulnerable spe-
cies, status in Russia under IUCN classification is
VU (Vulnerable) in conservation priority class III).
Accordingly, the curlew is listed in the Red Data
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Books of most regions in the Russian Federation
inhabited by populations of N. a. arquata. In Rus-
sia, it is protected in at least 40 Protected Areas
(PAs) under various statuses (Sviridova, 2021).

In the last edition of the Red Data Book of the
Republic of Karelia (2020), the status of the curlew,
as arare species, is 3(NT). It is worth noting that the
Republic of Karelia is located at the northern pe-
riphery of the species’ range, but since the mid-XX
century data have been accumulating that the cur-
lew has been expanding its distribution northwards
along the western coast of the White Sea (Lappo et
al., 2014). At the same time, as stated in the litera-
ture, there is a strong deficit of data on the biology
of N. a. arquata in the north of its range in general
(Lappo et al., 2014) and in its Russian part in par-
ticular (Douglas, 2020). Thus, the relevance for
monitoring of the curlew abundance in the Republic
of Karelia arises from the following: (1) poor status
of some N. a. arquata populations, (2) overall insta-
bility of peripheral populations, (3) importance of
collecting data on species, distribution of which is
changing, (4) poor knowledge of the N. a. arquata
biology in the north of the Russian part of its range.
Since all these aspects are of global importance,
data on the curlew in the Republic of Karelia will be
wanted both in Russia and abroad.

The monitoring of the N. a. arquata abundance
in farmlands is important. Although apart from
agrolandscapes curlews can nest in wet meadows
and marshes, the farmlands are habitats occupied
by N. a. arquata in the Republic of Karelia at the
highest abundance (Zimin et al., 1998; Lapshin et
al., 2012; Khokhlova et al., 2023). In 1990-2010,
N. a. arquata individuals have reportedly been set-
tling in farmlands more often in general than be-
fore (Sviridova, 2014). Besides, they actively use
farmlands for extensive movements during the
breeding period and migration (Zimin et al., 1998;
Sviridova, 2021; Khokhlova et al., 2023).

In the Republic of Karelia, Lehtonen (1943)
conducted the first studies to provide, among
other things, data on the biology of the curlew.
Among other results, Lehtonen (1943) found a
more accurate delineation of the breeding range
of the curlew in the Republic of Karelia. The first
summarising review, focusing specifically on the
avifauna in the southern Republic of Karelia, was
produced by Neifeldt (1958) using data from the
literature and original material collected during
field trips in 1954-1955. Later, Zimin & Ivanter
(1974) carried out extensive avifaunal research
covering also the southern Republic of Karelia.
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These studies were then continued (Zimin et al.,
1993, 1998; Artemyev et al., 2016).

Since 1993, spring bird aggregations have
been studied in the Olonets grasslands. These data
have been partially published, including some data
on the curlew (e.g. Zimin et al., 2007; Lapshin et
al., 2012; Artemyev et al., 2021; Khokhlova et al.,
2023). However, most of the publications based
on material from the Olonets grasslands are con-
cerned to Anseriformes (e.g. Artemyev et al., 2009,
2019, 2020, 2022). The pool of data on the curlew
in the Olonets grasslands has not yet been fully
processed and synthesised.

The aim of this paper was to summarise and
analyse data on the curlew abundance dynamics in
the Olonets grasslands, southern Republic of Kare-
lia, collected during a special monitoring in 1999—
2023. For this purpose, we performed the following
tasks: (1) collecting data on the abundance of cur-
lews breeding in the Olonets grasslands and those
using this area to stop over on migration; (2) ana-
lysing the collected data, including the correlations
between abundance trends and selected factors.
The working hypothesis was that the abundance
of curlews decreased in colder spring seasons, at
times of more intensive grassland use, as well as
over time. The latter supposition is based on the
observations of curlew abundance declining in the
past decades in various parts of the species range
(Douglas, 2020; Sviridova, 2021; BirdLife Inter-
national, 2023). Additionally, we have planned to
assess possible changes in the curlew abundance
in the study area depending on the spring hunting
pressure. Curlews are not a hunting target in the
area, but they may be disturbed when birds of other
species are hunted.

Material and Methods

Study area and methods

We conducted field surveys in 1999-2023 in
farmlands in the Olonets district in the Republic of
Karelia (Northwest Russia), situated near the town
Olonets (Fig. 1), i.e. so-called Olonets grasslands
(61.041111° N, 32.931389° E), as the most exten-
sive agrolandscapes in the Republic of Karelia, cov-
ering about 180 km?. Olonets grasslands are one of
the largest spring stopovers of migrating birds in
Northern Europe and a breeding area of many farm-
land-associated birds (Zimin et al., 2007). By con-
sidering the essential role in the life of many birds,
the Olonets grasslands were listed among interna-
tional-level Important Bird and Biodiversity Areas
of Russia (http://www.rbcu.ru/programs/93/).
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Fig. 1. The location of the study area and its key elements. Designations: A — the town Olonets on the map of Europe, B — key
elements in the study area; 1 — the town Olonets and adjacent settlements, 2 — farmlands around the town Olonets, 3 — «Non-
hunting zone» seasonal sanctuary, 4 — long-term car survey route, 5 — long-term walking survey route.

Over the study period, the situation for birds
in the farmlands has changed, i.e. the conditions
of the Olonets grasslands have improved con-
siderably: reclamation channels were deepened;
drainage pipes were cleaned; trees and shrubs
were cut along the field edges. Besides, in the
late XX century, the Olonets grasslands were
predominantly covered in degenerating perennial
grasses, whereas grain and row crops occupied
less than 5% of the study area. During the XX
century, the farmlands have been exploited more
intensively; perennial grasses have been timely
renewed; the proportion of grain and legume
crops increased up to 15-20%. With the agri-
culture intensification, the anthropogenic pres-
sure on birds increased accordingly (Zimin et al.,
2007; Artemyev et al., 2022).

Being located on highly wet soils, the Olo-
nets grasslands are covered by a net of reclama-
tion channels. Their shores are being densely
overgrown with shrub vegetation, represented
predominantly by Salix sp. Their thickets are
cut down periodically. At the end of the winter,
strong winds blow snow off by opening the fields’
surface. When snow begins melting, water accu-
mulates in depressions. At Olonets grasslands’
elevations devoid of snow, thawing of the up-
per soil layers begins earlier than in typical taiga
habitats (Zimin et al., 2007).

In the study area, the spring hunting lasts nor-
mally ten days, usually at 01-10 May. However,
in 1993, a 49 km? area of the Olonets grasslands
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(Fig. 1) was declared a termless local-scope sea-
sonal sanctuary called the «Non-hunting zone».
The conservation status of this area changed sev-
eral times from a municipal-level sanctuary with
a special protection regime to one, which has not
any protection regime. After losing its Protected
Area’s status (in 1996), this part of the Olonets
grasslands was no longer subject to a special
protection regime but retained the «Non-hunting
zone» status, so bird hunting is prohibited there
in spring (Artemyev et al., 2022).

Additionally, the Olonets grasslands had
for a long time been cleared by burning of last
year’s herbaceous vegetation. There is no cus-
tom of mowing after-grass there. Therefore, the
dry grass has been burnt down in spring, includ-
ing the protected parts of the fields. Burning of
the after-grass started after its drying up, which
depended on the spring weather. Therefore, the
after-grass burning began in mid-April or in the
third decade of April, by sometimes continuing
until mid-May. In the Olonets district, all farm-
ing enterprises annually burn out 60—80% (about
55% on average) of their grassland areas (Zimin
et al., 2007; Artemyev et al., 2022). The practice
of after-grass burning in the grasslands was ter-
minated in 2014 and not resumed later, although
this practice has been used again in part of the
Olonets grasslands in 2023.

A detailed description of the study area and
methods was published in Zimin et al. (2007).
The main sampling method was walking transect
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surveys. The walking survey route (9.5 km long)
was along a road passing through farmlands typi-
cal in the Olonets district (Fig. 1). Fields with
sown perennial grasses prevailed there, while
areas of grain crop stubble or arable fields were
less frequent. There were brooks flowing through
the fields and a developed net of reclamation
channels, which are usually full with water in
April and early May. Surveyors walked the route
in the morning, starting at 6:00-8:00 depending
on the weather. As a rule, each survey tour took
around 4 h. We counted curlews in strips (up to
50 m, 50-100 m, and 100-150 m wide) by reg-
istering individual birds, migrating aggregations
and local pairs. The counting of birds by stripes
provided the possibility of counting the number
of birds per area. In 1999-2009, the routes were
walked daily, and each other day since 2010.

An additional method was car transect sur-
veys, meaning that a certain route through the
Olonets grasslands (in total, 39.5 km), partially
coincident with the walking transect (Fig. 1),
was toured by cars during daytime (usually at
15:00-18:00). This way, we separately recorded
local and migrating curlews to the maximum de-
tectability distance. To design the car transect,
we took into account data on the best possible
view-ability of the studied area using binoculars
from aboard the car. The conversion of the bird
abundance per unit area was based on the area
of plots viewed. The car surveys were usually
toured daily, but in 2010, 2011, 2012, 2016, and
in May 2017, they were conducted each other
day. In 2018, 2019 and 2023, car transect surveys
were conducted daily during the peak migration
time, and every other day in the rest part of the
study period every season.

To analyse the obtained data, we used ma-
terial gathered in the Olonets grasslands from
21 April to 19 May in 1999-2019 and 2023.
The studied area of the fields covered almost the
entire «non-hunting zone», and accounted for
about 20% of the total area of the Olonets grass-
lands (Fig. 1).

Data analysis

The analysis was based on the absolute
abundance of curlews registered on the count-
ing routes. To allow us to compare those with
data from other areas, we converted the abso-
lute abundance of bird individuals to the relative
abundance. The main studied parameter was the
relative total abundance of resident and migrat-
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ing curlew individuals recorded in the Olonets
grasslands. The additional considered parameters
were the maximal daily abundance and the peak
abundance date in the form of the total number of
monitoring days since the beginning of the year.
When comparing the data collected by various
methods, considering that the car transect (39.5
km) was much longer than the walking transect
(9.5 km), we used the material from the 9.5-km
long model section of the transect covered by
both walking and car surveys (Fig. 1).

To estimate the curlew abundance in the
studied part of the Olonets grasslands, we used
data from both walking and car surveys. How-
ever, when extrapolating data on the bird abun-
dance to the total area of the Olonets grasslands,
we used the data from the walking surveys only
as providing more accurate information. At the
same time, we did not re-calculate the entire area
of agrolandscapes (180 km?), but only the area
of sites suitable for nesting and stopovers of cur-
lews (with a total area of 84.7 km?), excluding
too moisturised sites, roads, and sites overgrown
with shrubs or occupied by vegetable gardens.

We analysed temperature effects on the total
abundance of curlews using long-term data on air
temperature data during the study period, which
are openly available at https://rp5.ru. We used the
temperature data (for 09:00 h) from the nearest
weather station in the town Olonets. For calcula-
tions, we used the average values of the mean tem-
perature for the period from 21 April to 19 May.

We analysed the use intensity of the Olonets
grasslands on the model area surveyed with the
walking transects using QGIS 3.30.2 Hertogen-
bosch software (QGIS.org, 2022), Google Earth
Engine and Google Earth Engine Data Catalog
plugins with an open access to historical Landsat
4,5,7, 8, and 9 satellite images (Gorelick et al.,
2017). As an indicator of the Olonets grasslands
use intensity, we used the proportion of culti-
vated farmlands on the basis of satellite imagery
decoding. Data on bird abundance in relation to
the spring hunting have been classified into three
categories: period before the opening of the hunt-
ing season (before 01 May), period of the hunting
season (01-10 May), and period after the closing
of the hunting season (after 10 May).

The classifying of curlew individuals, feeding
on the Olonets grasslands, to local breeding and
migrant birds was difficult. The gregarious behav-
iour of the migrating birds at the stopovers was the
main criterion for this purpose. To compensate a



Nature Conservation Research. 3anoseonasn nayxa 2024. 9(1): 30-44

https://dx.doi.org/10.24189/ncr.2024.004

possible undercounting of the number of migrat-
ing curlew individuals, we applied the following
formula to refine the classification during ex situ
treatment of data for each study season:
_ X (maxQ, ~ EQ))
Nu[/

where N, — the percentage of migrant indi-
viduals, C — groups of consecutive surveys be-
tween days with below-median values of the
bird abundance, maxQ, — the maximal value in
C groups within the fourth quartile, £(Q,) — the
borderline maximal value of third quartile, N, —
the total number of counted birds.

To compare the rate of changes in bird abun-
dance over the study period, we used the follow-
ing formula:

N,

x100%

tr

M Cstart — M, Cen

AN = 4 %x100%,

Me

where AN — the rate of changes in bird abun-
dance, Me ,  — the median of the total bird abun-
dance in the first five study seasons, Me,  — the
median of total bird abundance in the last five
study seasons.

All calculations were performed using the
R v. 4.1.1 programming environment (R Core
Team, 2021), and using RStudio 2021.09.1
Build 372 as the graphical shell (RStudio Builds,
2021). The obtained data series were tested for
normality using the Shapiro-Wilk test and for
being outlier-free using an «outliers» package
(Komsta, 2022). Since most of the data series
had a non-normal distribution, in most cases we
chose the median as the measure of central ten-
dency and the interquartile range as the measure
of dispersion. For temperature indicators, we
calculated an average value.

We analysed relationships between data se-
ries using Spearman’s rank correlation and con-
ducted comparisons between them using the Wil-
coxon test for paired samples. To describe the
dynamics of numerical attributes, we selected
models using the «basicTrendline» package (Mei
& Yu, 2020). Before constructing the abundance
dynamics models, we tested the data series for
autocorrelation in the R software (R Core Team,
2021) using the «act» function with the lag rang-
ing from 1 to the sample set length. During data
pre-treatment, we considered the possibility of
abundance parameters being influenced by the
number of surveys. The number of surveys within
the given time interval varied among years. But
we detected no significant correlations between
bird abundance in the Olonets grasslands and the
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number of surveys (Spearman’s rank correlation,
Rs =0.38, p=0.09).

Results

In late April — May of each year, curlews vis-
ited the Olonets grasslands at a total density of
0.4-18.0 individuals per 1 km? (ind./km?). The
majority of the registered birds (73.8% median,
varying from 40.0-90.6% among years) were mi-
grants, which used the Olonets grasslands as a
stopover. The others were local breeding birds.
Curlews mostly appeared in the Olonets grass-
lands in mixed flocks with Numenius phaeopus
(Linnaeus, 1758) or in small single-species flocks
formed by several individuals to several dozen
birds or, rarely, by several hundred individuals.

In 1999-2023, the abundance of curlews ob-
served in one day on a walking transect varied from
3—153 individuals per route (9.5 km). On a complete
car route (39.5 km), we daily recorded from several
individuals to 460 birds. In 1999-2023, the size of
the local bird population breeding in the thoroughly
surveyed part of the Olonets grasslands (49 km?) var-
ied from 30150 pairs per season. In 20192023, it
was 30-90 pairs per season. We extrapolated these
data to the entire area of the Olonets grasslands (180
km?), keeping in mind their inhomogeneity and vary-
ing suitability for breeding and staging of curlews. As
a result, we found that the size of the entire Olonets
grasslands’ breeding curlew population in 1999-2023
can be estimated at 100—1200 pairs depending on the
year. We found that its size was 100-300 pairs per
season in 2019-2023. The annual number of curlews
migrating through the surveyed part of the Olonets
grasslands was 90—750 individuals, and the estimated
number of individuals on the entire area of the Olo-
nets grasslands was 150-2500 birds.

When the curlews stayed in the Olonets grass-
lands, generally suitable for them as breeding and
stopover sites, these birds occupied this territory
quite evenly, without clear preference for certain
zones. This is confirmed by our results that the bird
density was nearly equal in various sampling strips
easily viewable with binoculars (Fig. 2). Accord-
ing to our observations, when choosing the nesting
sites, most curlew individuals prefer sites, which
are most inconvenient for agricultural treatments.

The species’ abundance trends remained rela-
tively stable year-to-year throughout the study pe-
riod (Fig. 3). The basis of the stationary group was
formed predominantly by individuals occupying
the Olonets grasslands for breeding. On the other
hand, migrant individuals stopped over, changing
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one another. The most massive arrivals and depar-
tures were observed in April, with a gradual declin-
ing of migrating bird flows in May (Fig. 3).

Walking transect surveys revealed a steady
decrease in the curlew abundance over the study
period (Fig. 4). Over the 1999-2023 period, the
dynamics of the median density values conformed
to a linear model with the minimal Akaike infor-
mation criterion (AIC) (Fig. 4). This model de-
scribes the variation of the interquartile range of
values of the abundance of counted curlews (Fig.
5). Based on the walking transect surveys, the cur-
lew abundance in the Olonets grasslands generally
decreased over the 1999-2023 period by 34.4%. A
predictive assessment of further potential changes
in the bird abundance using models based both on
median values (Fig. 4) and variability indices (Fig.
5) suggests that within the next 3040 years the
curlew can be highly likely recognised as an en-
dangered species in the study area.
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Fig. 2. The relative total abundance of curlews in various
sampling strips based on results of walking transect surveys.
The upper and lower borders of the boxes denote the first
and third quartiles; «whiskers» denote the intervals, in which
the vast majority of data fall, not exceeding the value of 1.5
interquartile range of values; the horizontal line denotes the
median value; circles — outliers.
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Fig. 3. Seasonal trends in the relative total abundance of cur-
lews in agrolandscapes in the southern Republic of Karelia
based on data from walking transect surveys in 1999-2019,
and 2023. The upper and lower borders of the boxes denote
the first and third quartiles; «whiskers» denote the intervals,
in which the vast majority of data fall, not exceeding the
value of 1.5 interquartile range of values; the horizontal line
denotes the median value; circles — outliers.
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Fig. 4. Long-term trends in relative total abundance of cur-
lews in agrolandscapes in the southern Republic of Karelia.
Designations: A — based on the results of walking surveys
at the 9.5 km long transect, B — based on the results of car
surveys at the 9.5 km long transect section concurring with
the walking transect, C — based on the results of car surveys
at the 39.5 km long transect.

At the same time, car surveys of the same
route surveyed during walking surveys (Fig. 1)
revealed non-significant (p = 0.52) changes in the
bird abundance, although the slope of the trend
line also indicated a decline (Fig. 4). In general,
the results obtained using car transect surveys on
the model area, which was studied by both walking
and car transect surveys, were in significant agree-
ment with the results of walking transect surveys
(Spearman’s rank correlation: Rs =0.23, p <0.01),
although the positive correlation was weak.
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Fig. 5. Long-term variation of the interquartile range of val-
ues of the relative total abundance of curlews counted during
walking transect surveys.

The dynamics of the relative total
abundance of curlews was estimated based on
the results of complete car transect surveys
(Fig. 4). There were no regular patterns in
the distribution of median values of the data
series produced by car transect surveys. At the
same time, the number of outliers in the data
series from car surveys significantly exceeds
the number of outliers in the data series from
walking transect surveys (paired sample
Wilcoxon test: W, ,, =15, p = 0.02).

The analysis of the correlation of the bird
abundance to the temperature showed a signifi-
cant negative correlation (p = 0.017) between
the number of birds counted on the route and
the mean values of air temperature during the
observation period (Fig. 6). No correlation was
found between the relative total abundance of
curlews and Olonets grasslands’ use intensity
in either walking transect surveys (Spearman’s
rank correlation: Rs = -0.08, p = 0.75) or car
transect surveys of the same routes (Spearman’s
rank correlation: Rs = -0.39, p = 0.09). We did
not find any significant correlation between the
migration passage rate (a day with the highest
bird abundance) and Olonets grasslands’ use
intensity either (Spearman’s rank correlation:
Rs =0.41, p = 0.07). Our analysis also showed
that the spring bird hunting season had no sig-
nificant effect on the curlew abundance in the
«Non-hunting zone» (Fig. 7).

Discussion
Monitoring of the spring abundance of cur-
lews in the Olonets grasslands in the southern
Republic of Karelia in 1997-2023 proved that
this species was constantly present there in late
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April — May. Pioneer individuals arrive in the
area at 05—-17 April (Khokhlova et al., 2023).
We found that the migration period can last un-
til mid-May. The vast majority of the observed
birds (about three quarters of all counted cur-
lews on average) were migrant individuals,
which use the Olonets grasslands as a stopover
site during the migration. Accordingly, the local
breeding curlews, accounted for about a quar-
ter of all observed birds. The even distribution
of curlews in the Olonets grasslands during the
study period was apparently caused mostly by
birds stopping during the migration for feeding.
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Fig. 6. The relationship between the relative total abundance
of curlews and the mean air temperature over the annual sam-
pling period based on data obtained at 9:00 from 21 April to
19 May in 1999-2023 (Pearson product-moment correlation).
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Fig. 7. The relative total abundance of curlews in the «Non-
hunting zone» area before the opening of the hunting season
in adjacent areas (Before HS), period of the hunting season
(HS), and period after the closing the hunting season (After
HS). The upper and lower borders of the boxes denote the
first and third quartiles; «whiskers» denote the intervals, in
which the vast majority of data fall, not exceeding the value
of 1.5 interquartile range of values; the horizontal line de-
notes the median value; circles — outliers.
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The breeding grouping of curlews in the Olo-
nets grasslands can be considered quite large in
European Russia. The density of curlew individ-
uals using this area for breeding was even higher
in the last years. For instance, 400—1200 curlew
pairs were registered in the Olonets grasslands in
late 1990s — early 2000s (Zimin et al., 2009). In
the regions adjacent to the Republic of Karelia,
Vologda Region (Butiev et al., 1998), Arkhan-
gelsk Region (Butiev & Shitikov, 1998; Sviri-
dova, 2020), and Leningrad Region (Noskov et
al., 2016; Golovan & Khrabry, 2018), the curlew
populations were relatively stable, but they did
not form large breeding groups. In the Murmansk
Region the curlew is rare (Noskov et al., 2016).
In the centre of European Russia the abundance
of breeding curlew groups is also relatively low;
for instance, the size of breeding groups here var-
ies from single pairs to several dozen pairs (e.g.
Ivanchev, 2011; Tyulkin, 2012, 2020; Galchen-
kov, 2017; Bykov et al., 2018).

Our data on long-term trends in the abun-
dance of the birds counted in the Olonets grass-
lands quite varied depending on the sampling
method. The results of walking transect surveys
pointed to a steady decline in the curlew abun-
dance over the study period, whereas car transect
surveys showed only a downward tendency in
bird abundance, without any significant change.
The lack of complete agreement between the
curlew abundance indices produced by various
methods can be caused by both the various time
of the conducted surveys (walking transect sur-
veys were performed in the morning, while car
surveys during daytime) and the unequal perfor-
mance of the various sampling methods in bird
registration. We believe that the walking transect
survey method more accurately represents the
actual curlew abundance in the grasslands.
This is indirectly evidenced by the fact that the
bird density within various sampling strips was
highly similar. In general, according to walking
transect surveys, the total curlew abundance in
the Olonets grasslands decreased by 34.4% over
the 25 years.

On the other hand, the substantial length of
the car transect, which is considerably longer than
the walking transect, allows us a better chance to
capture a short-term local rise in the bird abun-
dance. This is also evidenced by the large num-
ber of outliers in the car survey data. As a rule,
such local concentrations of birds were associat-
ed with the migration process. In addition to the
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migration, a short-term rise in bird density and
appearance of actively moving individuals could
be a consequence of mass destruction of nesting
sites as a result of burning of the last-year’s veg-
etation or other farmland treatments.

We also found a higher curlew abundance in
colder spring seasons. A possible explanation is
that in colder springs birds of northern curlew
populations partially delay along the migration
by migrating northwards at a later period. It is
also likely that some curlew individuals in cold
springs stay to nest southwards of their usual
breeding sites, thus enlarging the size of local
curlew population of the Olonets grasslands.
However, both of these assumptions require fur-
ther research. Regarding the influence of grass-
land use intensity, our data revealed no signifi-
cant correlations of the curlew abundance with
this factor. It appears that variations in the grass-
land use rate in the study have little impact on the
breeding bird density of the curlew. For any type
of observed exploitations, suitable nesting sites
were retained in the Olonets grasslands. Even
burning of the last year’s vegetation allowed cur-
lews to nest in the Olonets grasslands after the
herbaceous cover had regenerated.

Thus, the decrease in the curlew abundance
in the Olonets grasslands can hardly be attributed
solely to the local conditions. Reasons for that
should probably be sought in the situation along
the entire migration ways and in wintering sites,
as well as by comparing our findings with data
from other regions used by the curlew. In Euro-
pean Russia, the abundance of nominate subspe-
cies (Numenius a. arquata) decreased at least
since 1970s—1990s (see Tomkovich & Lebede-
va, 1998, 1999; Butiev, 2001). Since the 1980s,
its decline was 5-30% (BirdLife International,
2015; Mishchenko et al., 2017). In many regions
of European Russia, the curlew abundance con-
tinues declining, but in some areas its decrease
has stopped in the early XXI century (Svirido-
va, 2021). In the northern European Russia, the
curlew abundance has remained relatively stable
in 2000-2020 (Noskov et al., 2016; Golovan &
Khrabry, 2018; Sviridova, 2019, 2021). In south-
ern regions of European Russia, however, espe-
cially in the Middle Volga Region, the bird abun-
dance decreased considerably over 2000-2020
(Sviridova, 2021).

A more critical (than in European Russia)
decrease in the curlew abundance has occurred
in other European countries (BirdLife Interna-



Nature Conservation Research. 3anoseonasn nayxa 2024. 9(1): 30-44

https://dx.doi.org/10.24189/ncr.2024.004

tional, 2023; Rigal et al., 2023). In particular,
a considerable decline of the curlew abundance
was found in the United Kingdom (Harris et al.,
2014; Hayhow et al., 2014), Ireland (Balmer et
al., 2013; Booth Jones et al., 2022), and Esto-
nia (Elts et al., 2013). Starting since the 1980s,
a long-term decrease of this species’ abundance
has been observed in Norway, Sweden, and Fin-
land, among which the curlew abundance has
stabilised only in Finland in 2001-2012, whereas
in Sweden and Norway its values are still declin-
ing (BirdLife International, 2015). A long-term
abundance decline since the early 1980s has also
been recorded in the Netherlands and Germany.
The decline is still continuing in the Netherlands,
while in Germany the curlew abundance became
more stable (Hotker et al., 2007; BirdLife Inter-
national, 2015). In some other European coun-
tries, a decrease in curlew abundance was also
noted. In general, European population of the
curlew decreased by 30-49% over the period
1980-2015. Thus, over 30 years, its European
population lost around a third of its original size
(BirdLife International, 2015).

In Central Asia, the decrease in abundance of
the nominate subspecies has also been registered,
while the abundance of breeding curlews in East-
ern Siberia has likely remained stable (BirdLife
International, 2023). An increase in abundance of
the wintering curlew populations was observed all
along the East Atlantic flyway (van Roomen et al.,
2015), including the so-called Wadden Sea, a part
of the North Sea, with a discontinuous series of
intertidal flats near the coasts of the Netherlands,
Germany, and Denmark (Laursen, 2005; Laursen
& Frikke, 2013; Kdmpfer & Fartmann, 2022), and
the curlew population on the Adriatic coast, and
in East Asia (BirdLife International, 2023). An in-
crease in the curlew abundance in the mentioned
wintering populations may indirectly evidence of
the curlew abundance increase in some of the Rus-
sian breeding populations (BirdLife International,
2023). Other possible explanations or contribut-
ing factors for the discrepancy between breeding
and wintering trends include data limitations and
trends being obscured by a climate-mediated shift
in the wintering range (Brown, 2015; BirdLife In-
ternational, 2023). In general, the analysis of the
compiled trend data indicates that during the last
15 years the size of the global curlew population
declined by 26-34% (Hillis, 2003; Thorup, 2006;
Wetland International, 2006; Eaton et al., 2007;
BirdLife International, 2023).
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Summing up, based on our data and the litera-
ture analysis, we suppose that the negative trends
in the curlew abundance in the Olonets district
in the Republic of Karelia are driven not only by
local factors but also by certain global processes,
which have caused a decline in some other Euro-
pean populations as well. These birds are likely
affected by negative factors on the migration
flyways or on wintering sites, although further
research is needed to verify this assumption. It
is also predicted that climate changes may have
a detrimental effect on the curlews during the
breeding seasons (Huntley et al., 2007; Renwick
et al., 2012; Franks et al., 2017). Wetland area
decline caused by climate warming is already
considered a reason for a decrease in the abun-
dance of waterfowl and shorebirds (e.g. Delany
et al., 2009; Melnikov & Gagina-Scalon, 2014;
Krivenko, 2021). The extension of renewable en-
ergy sources, such as wind farms, may also affect
breeding curlew populations, but more studies
are required on this matter as well (Pearce-Hig-
gins et al., 2009). Furthermore, being suscepti-
ble to the bird influenza, curlews may be at risk
during future outbreaks of the virus (Melville &
Shortridge, 2006).

The local-scope factors that should be men-
tioned as producing a certain negative effect on
the curlew abundance are the burning of the last
year’s herb vegetation, farming intensification,
predation, and human disturbance. The first two
factors are the most critical, especially herb cov-
er burning, which damages all early nests and
undermines the foraging resources available to
curlews. The high mortality of eggs and chicks
due to intensive agriculture (e.g. Tuellinghoff &
Bergmann, 1993; Grant, 1997; Fisher & Walker,
2015), human disturbance (Boschert & Rupp,
1993) and high predation pressure (Berg, 1992;
Colhoun et al., 2015; Zielonka et al., 2019) are
the main risks in cultivated farmlands and other
fragmented landscapes (del Hoyo et al., 1996;
Valkama et al., 1999; Douglas et al., 2014). In
the Olonets grasslands, curlews are being par-
tially «saved» because they predominantly nest
in areas inconvenient for agricultural treatments
(e.g. tillage, harvesting), i.e. in the margins,
amid rough terrain, near shrub stands. Exactly
the loss of such marginal habitats and similar
nesting sites, as a consequence of agriculture in-
tensification and enhancement, was one of the
main causes of the curlew abundance decline in
Europe (Johnsgard, 1981; Baines, 1988; Berg,
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1992; del Hoyo et al., 1996; Franks et al., 2017,
Douglas et al., 2021). On the other hand, curlews
cannot nest in areas put out of the agricultural
use due to the fact that land gets rapidly over-
grown by tall herbs, shrubs, and forest (Broy-
er & Roche, 1991; Melnikov, 2017; Sviridova,
2021; BirdLife International, 2023).

According to our data, the season of spring
hunting on Anseriformes in the studied part of
the Olonets grasslands did not have a significant
impact on the curlew abundance. This is partly
caused by the fact that our study has been car-
ried out in the «Non-hunting zone», where hunt-
ing impact on birds is minimised. In areas, where
the spring hunting is being performed, the distur-
bance factor is possibly more impactful for the
birds, and the hunting negatively affects the local
bird population in such territories. Spring hunt-
ing of curlews is prohibited in Russia. However,
in the study area, poachers shoot some of them.
Other curlews are undoubtedly under anxiety
during the hunting season due to gunshots, ve-
hicle and hunters on nesting sites and hunting-
induced massive movements of Anser and Bar-
nacle species. It is worth noting that hunting has
been one of the causes of the abundance decline
in some European curlew populations (Johns-
gard, 1981). In addition, the natural predators in
the Olonets grasslands, capable of ravaging the
nests of curlews, are Corvidae, Accipitriformes
and Falconiformes, as well as Vulpes vulpes
(Linnaeus, 1758), Nyctereutes procyonoides (J.E.
Gray, 1834), and Mustelidae (our data). Howev-
er, some nests can be ravaged by dogs searching
the Olonets grasslands, including the «Non-hunt-
ing zoney, for wounded game during the hunting
season and immediately after this.

The risks listed above are aggravated by
the fact that both nests and broods of curlews
remain threatened by external negative fac-
tors; for instance, eggs are incubated for 26-29
days, and the young chicks can fly only after
5-6 weeks of age (Sviridova, 2021). The high
risks over such a long period result in a low
reproductive success. Specialists are seriously
concerned on a tendency to an increase in fre-
quency of curlew nesting in crop lands, where
the breeding success is highly unstable, down
to zero (Sviridova et al., 2016). According to
various authors (Sviridova et al., 2008; Brown,
2015; Baines et al., 2023), the breeding success
in curlews varied depending on years and habi-
tats from 26% to 97%, and in Europe the ratio
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of the juvenile individuals, starting to fly, per
pair of adults varies from 0.27 to 1.05.

The low hatching and chick survival rates
in breeding areas are considered the main caus-
es of the decrease in the curlew abundance in
1980-2015, while the survival rate of adult
birds is quite high (Brown, 2015). In some
regions, the negative influence of the low re-
productive success on the total abundance still
remains «smoothed down» due to the long life
span, typical for the curlew. Gradual ageing of
birds in a population with low reproductive suc-
cess may, however, be resulting in a substantial
decline in the nearest future. In many regions
of Russia, the abundance of breeding curlews is
already now at or below the self-maintenance
threshold (Sviridova, 2021). Our predictive
assessments of potential future changes in the
curlew abundance in the Olonets grasslands
suggest that within the next 30-40 years this
species is highly likely to become threatened in
the study area.

Timely actions are needed to counteract the
mentioned threats. Despite the fact that in the
«non-hunting zone» we revealed no significant
influence of hunting in adjacent areas on birds,
as well as of the grassland use intensity, we can-
not exclude the possible influence of these fac-
tors in the future. It is necessary to conserve
curlew breeding habitats, strengthen the protec-
tion regime in the Olonets grasslands (preferably
through designation of a high-status Protected
Areas in the «non-hunting zone»), and widely
promote the idea of the curlew conservation and
reduce the human disturbance. The currently
adopted measures for protecting the migratory
bird stopover sites in the Olonets grasslands are
insufficient, and they do not match their conser-
vation value and the national and international
importance for conservation of European migra-
tory bird populations. To preserve them, propos-
als for a Protected Area establishment with a
special protection regime have been developed
(Artemyev et al., 2009, 2022), which can have a
positive effect on the abundance of various bird
species, including curlews.

Conclusions
Olonets grasslands in the southern Republic
of Karelia are an annual breeding and stopover
area for the curlew, a Red Data Book species.
Its population status has been of global concern
since the 1980s. Since 1999 a decline in the cur-
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lew abundance has been found in the study area.
The results of walking transect surveys showed
that over 1999-2023 the total spring abundance
of curlews in the Olonets grasslands decreased
by 34.4%. The local breeding population of cur-
lews is currently 100-300 pairs, and the abun-
dance of curlews migrating through the Olonets
grasslands is 150-2500 birds per year.

Our study has found no evidence that the
decline in the curlew abundance depends on the
grassland intensity use or bird disturbance during
the spring hunting on Anseriformes. On the other
hand, the curlew abundance is directly correlated
with the local weather conditions, e.g. the curlew
density in the Olonets grasslands was lower in
warmer spring seasons.

The material collected through the surveys
and analysis of the literature suggested that the
negative trends in the curlew abundance in the
study area are driven not only by local factors but
also by some global-scale processes, which cause
the abundance decline in other parts of the spe-
cies range as well. Curlews are probably exposed
to negative impacts along flyways or in winter-
ing sites. But additional research is needed to
verify this assumption. Other factors presumed
to threaten various curlew populations include
climate changes, promotion of renewable energy
sources, and infections.

In stopovers and breeding areas, the curlew
abundance can be affected by burning of last
year’s herb vegetation, farming intensification,
predation, and human disturbance. A long time
of both brooding and becoming self-sufficient by
juveniles make birds sensitive to these threats.
Being considered together, this leads to the low
success in curlew reproduction, especially in
agrolandscapes. The gradual ageing of birds in
a population coupled with a low breeding suc-
cess may lead to a critical decline in the cur-
lew abundance in the nearest future (Sviridova,
2021). According to our assessments, the curlew
abundance in the Olonets grasslands may be de-
creased to a minimum in the next 30—40 years,
estimating this species at the endangered protec-
tion category. To counteract these negative pre-
dictions, a set of actions is needed to conserve
the habitats suitable for curlew breeding, to
strengthen the protection regime in the Olonets
grasslands (preferably through establishment
of high-status Protected Areas), and to promote
public awareness of the need to preserve the cur-
lew and reduce its disturbance.
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JAUHAMUKA YNCJIIEHHOCTU NUMENIUS ARQUATA
(CHARADRIIFORMES, AVES) B ATPOJTAHAILTAPTAX
F0O’KHOM KAPEJIUU (CEBEPO-3AIIAJl POCCUN)

C. A. Cumono™, A. B. Aprembes ', H. B. Jlanmmuu"*', A. O. Tojictory3os'", M. B. Marannena

Unemumym ouonocuu Kapenvckoeo nayunozo yenmpa PAH, Poccus
*e-mail: ssaves@gmail.com

Omnonenkwne mons (61.041111° N, 32.931389° E) sBnstoTcss kpynmHeHmmMu arponasamadramMu PecryOmmkn
Kapenust (ceBepo-3anan Poccun), onHuM U3 MecT Hanbosiee MacCOBOUW KOHIIEHTPAIMH MTHI] Ha BECEHHUX MH-
IpaIlloOHHBIX cToSHKaxX B CeBepHOI EBpone u MecToM rHe310BaHUs BUOB, CBA3aHHBIX C CEIbCKOXO3SHCTBEH-
HBIMH YTOJbsIMH. DTa TEPPUTOPHS UTPAET BAKHYIO POJIb B JKU3HM NTHII MHOI'MX BUJIOB M BKIJIIOYEHA B CITUCOK
KitroueBbIX opHHTOIOrHMYECKUX TeppUTOpuil Poccun mexayHapoaHoro 3HaueHus. OJHAKO YpOBEHb €€ OXPAHBI
HEBBICOK — Ha yacTu OnoHenkux noseit (49 km?) ¢ 1993 r. 3anpereHa Jumib BeceHHsist 0xota. [loaTomy Heo0xo-
JMIMO TIOBBIIIEHHE TIPHPOIOOXPAHHOTO CTaTyca 3TOH TEPPUTOPHH M MEP 3ALINUTHI NTHII, a TAKKE BEJCHUE MOHH-
TOPHHIA YHCIEHHOCTH OXPaHIEMBIX U YSI3BUMBIX BUI0B, HCIONbB3YIOLIMX €€ Ha Pa3HbIX TAax roJOBOTO IIUKJIIA.
OpHuM U3 TaKuxX BUJOB siBIsieTcst Numenius arquata (nanee — KpOHIITHE ), BUJ C COKpAIIAOIEHCs YMCIEHHO-
CTBIO U PACHPOCTPAHEHHEM MHOTHUX MOMyNsAnuil. TOT By ucnons3yer OJoHenKue Mo Kak /Uil OCTaHOBKU
Ha BECEHHEW MUTPAINH, TaK ¥ JUII THE3J0BaHMs. MBI IPOaHaIN3NPOBAIH JJAHHBIE PETHCTPANi KPOHIITHENIOB
Ha OJIOHEUKWX IOJSAX, MOMYYCHHBIX B ampene — Mae B 1999-2023 rr. MeTogamMu TEUInX U aBTOMOOWMIBHBIX
MapIIPyTHBIX YIE€TOB. DTH AaHHBIE MBI COIIOCTABIIIN C JAHHBIMH I10 TEMIIEPAType BO3AyXa U MO YPOBHIO X035H-
CTBEHHOM 3KCILTyaTal11 M0JIeH, a TAKKe IIPOaHaTU3UPOBAIN BPEMEHHYO 3aBUCUMOCTh BECEHHEN YHCIIEHHOCTH
KPOHILIHETIOB OT JIaThl U OT rojia HaOmoneHuid. Pabovast rumoresa 3akitoyanach B IPEANONOKEHUH, YTO YHCIICH-
HOCTb KPOHIIHENOB CHI)KAETCSI B CE€30HBI C XOJNOJHBIMHM BECHAMHU, B CE€30HBI ¢ MHTEHCHBHOM 3KCIUTyaTal[lu
IOJIeH, a TaKkke ¢ TeueHreM BpeMeHu. [lociennee npennoaokeHne CBA3aHO ¢ OTMEUEHHBIM B MUHYBIIIUE JECS-
THJICTHSI COKPAIIEHUEM YHCICHHOCTH KPOHIIHENOB B Pa3HbIX MECTax BHAOBOro apeana. CoOpaHHbIC JaHHbBIC
MI0KAa3aJI1 TIOCTOSIHHOE TPHCYTCTBHE 0co0ei 3Toro Buaa Ha ONOHEKUX NOJIX B anpese — Mae. OTMe4YeHo, 4To
B [I€PUOJ MUTPALIUH KPOHIIHEIBI PABHOMEPHO UCIIOIb30BAIN YIACTKH IOJIEH, B 11€JIOM IIPUTOAHBIE JUIS UX THE3-
JIOBaHUS U OCTAHOBOK, HE OT/[aBasi SBHOTO MPEANOYTEHNUS KaKUM-TH00 30HaM. OJTHAKO B KaueCTBE MECT THE3/10-
BaHMsI OHM BHIOMpAJIM Y4acTKH, HarnOosee HeymoOHbIe /Il CeIbCKOX03HCTBEHHOM 00paboTku. [To-Buaumomy,
PaBHOMEpHOE pacHpe/iesIeHHe KPOHIITHETIOB I10 TIOJISIM OBIIO IMTPEUMYILIECTBEHHO 00YCIIOBICHO 0COOSIMH, KOPMSI-
IIMMUCS HA MUTPAIIMOHHBIX OCTAHOBKaxX. BennunHa yacTi MeCTHOH MOMYJISIINY, THe3/smelca B o0cienyeMon
3one Ononerkux mosei (49 km?), 8 1999-2023 rr. uamenstiachk ot 30 10 150 map. Ipu sTom B 2019-2023 T
ona cocrasisuia 30-90 map. ['He3asIascs rpynmupoBKa KPOHIIHENoB Ha Beex Ononernkux noysx (180 km?) B
1999-2023 rr. HacuuTeBasia 100—1200 map B pa3ublie ce30HBI. [Ipu 3Tom B 2019-2023 rr. ee BennuuHa He Mpe-
Boimana 100-300 nap. Ha murpamuu B oocienyemoii yacti OJOHEKUX MOJIeH €XKEroHO 0CTaHaBINBaIoch 90—
750 ocobeii kpoHIIHea, a Ha Bcex OnoHenknx noysix B nenoM — 150-2500 ocobeii. Ha HacTosimuii MOMEHT He
OBIIO BBIBICHO 3aBUCHMOCTH OOIIEH YNCICHHOCTH KPOHIIIHETIOB B paifoHe NCCeJOBaHNI OT MHTECHCHBHOCTH
9KCIUTyaTaluy MoJeH, 4T0, BUANMO, CBA3aHO C COXPAHEHNEM MECT, MPUTOAHBIX JUIST MUTPAlMOHHON OCTaHOBKH
U THE3/10BaHMs. B cBoO odepesib, ObIIIO OTMEUEHO CHIKEHUE YHCIEHHOCTH KPOHIITHENIOB B BECEHHHUE CE30HBI C
Oonee Terutoii moroyoii. [To-BuIMMOMY, B TaKMe CE30HBI YaCTh KPOHIIIHEIIOB YJIETaeT Jlayiblie Ha ceBep. B Oonee
XOJIOJIHBIE CE30HBI OOJIBIIIE TITUI] OCEAIOT Ha ATUX IOJISIX WIIM 3aJIePKUBAIOTCSl HA HUX Ha Tpacce Murpauuu. B
MHOT'OJIETHEM acHeKTe, 3a 25-IeTHUH 1epro], ObIJI0 3aperucTpUpOBaHO CHIDKEHHE Ha 34.4% oOrmeil uncieH-
HOCTH KpOHIITHETIOB, PErUCTpHpyeMbIX Ha OJOHENKHX MOJsX. BUauMo, HeraTMBHAs AWHAMHUKA YUCICHHOCTH
KPOHIITHETIa Ha TEPPUTOPHH HCCIIENOBaHMS Oblia 00yCIIOBIEHA HE TOIBKO MECTHBIMU (haKTOpaMu, HO W IJIO-
0aJbHBIMHU IPOLECCAMH, BBI3BIBAIOIMMHU COKPAIICHNE YHUCIEHHOCTH M3YUYEHHOHN U psAna ApyTrUX eBpOIEHCKUX
MOMYJSIIMNA. BeposiTHO, 9TH NTHIBI CTAJIKUBAIOTCA C ONPEACICHHBIMH NMPOOJeMaMu Ha MyTAIX MUIPALUH UIH
3MMOBOK, HO 9TO IPEAIONIOKEHUE TPpeOyeT NMPoBeIeH s TalIbHeH X uecsenoBanuid. Cpenu (pakTopoB MECTHO-
TO 3HAUCHNS, TOTEHIINAIILHO CIOCOOHBIX OKa3aTh HEraTHBHOE BIMSIHUE Ha YHCIEHHOCTh KPOHIIIHEIIOB, CIEIyeT
Ha3BaTh BBDKUTAHME TPOIIIOTOAHEH TPaBbl, HHTCHCH(DHUKAINIO CEIbCKOXO3IHCTBEHHBIX padOT, XUITHUIECTBO
1 OECITOKOMCTBO MTHIl YeTOBEKOM. Harmu pe3ynpraTsl IpOTHO3HPOBAHUS BOSMOXKHOCTEH JabHEHIIIETO M3Me-
HEHUS YUCJICHHOCTH y KPOHITHETOB Ha OJOHEIKUX MOJISIX CBUIETENLCTBYIOT O TOM, uTo B TeueHue 30—40 et
H3y4YaeMblil BUJ] 3/1€Ch C BBICOKOM BEPOSITHOCTBIO MOXKET MEPEUTH B pa3psi «ucuesaronuey. [l npenorsparie-
HUSI 9TOT0 HEOOXOIMMO COXPaHATh MECTa, B KOTOPBIX KPOHIIHEIBI MOTYT THE3IUTHCS, YCUIINTh PEXUM OXPaHBbI
ToJiei (3kenaTesbHO C CO3aHueM 0C000 OXPaHsIEeMbIX IPUPOIHBIX TEPPUTOPHH BEICOKOTO CTAaTyca) U IPOBOIUTH
cpean HaceleHNs IPOIaranay OXpaHbl KPOHIITHETIA ¥ CHH)KEHHS CTEIICHH €r0 aHTPOIIOT€HHOTO OECIIOKOMCTBA.

KuroueBble cjioBa: arposianamadT, MOHUTOPUHT, 0C000 OXpaHseMas HMPHUPOIHAs TCPPUTOPHUS, OXpaHse-
MBI BUJ, KYITUK
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Current climate change, habitat degradation, pastoralism, shoot and bulb harvesting pose serious threats to the
rare Caucasian endemic Fritillaria latifolia throughout its range. Knowledge of the limiting factors, species
range dynamics in relation to climate change and the role of Protected Areas in species distribution are neces-
sary to develop an effective conservation system at present and in the future. This was aimed (1) to determine
the most suitable set of abiotic predictors for modelling Fritillaria latifolia localisation, (2) to formalise en-
vironmental and anthropogenic factors in species distribution models, (3) to predict the possible changes in
the species range in relation to climatic changes, (4) to identify refugia with a consistently high probability of
the species occurrence despite climatic changes. We applied Maxent software for species habitat modelling to
build current and climatic models of the Fritillaria latifolia distribution, considering the abiotic variables and
anthropogenic predictors such as the distance to Protected Areas and grasslands. Distances to anthropogenic
infrastructure were calculated with the Path Distance measure considering the horizontal straight-line distance,
surface distance and vertical factor. We also formalised the area accessibility (movement factor) through the
distance to optimal sites (plots with 0.8 threshold of habitat suitability), where the probability of species occur-
rence was higher than 0.5. The most important abiotic variables in the species distribution were the Emberger’s
pluviothermic quotient, with optimal values corresponding to humid and perhumid climates, and the terrain
roughness index, with optimal values ranging from nearly level (8§81-116) to intermediately rugged (162-239)
slopes. Distance to Protected Areas (0—1 km) was the third important predictor of the Fritillaria latifolia current
distribution, while the distance to grasslands contributed less to the model. The distance of suitable areas from
optimal habitats (area accessibility) was 15 km. The species current core ranges are localised in the Western
and Central Caucasus, Western and Central Transcaucasia, and the northwestern ridges of the Lesser Caucasus
within a network of Protected Areas covering most of the highlands. The optimistic socio-economic pathway
SSP1-2.6 predicted a 1.6-fold decrease in the area of species optimal habitats from 2021 to 2100. The pessimistic
SSP5-8.5 scenario predicted 122-fold habitat area reduction. According to SSP1-2.6 climatic models, by 2100
the refugia area would be 172.4 km? in the highlands of the western and central parts of the Greater Caucasus,
including the Caucasus State Nature Reserve and Teberda National Park. These areas should be prioritised for
the conservation of Fritillaria latifolia populations.

Key words: Biotic-Abiotic-Movement concept, Maxent, Protected Area, refugia, socio-economic pathways
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Introduction

Current climate change poses a serious
threat to the global biodiversity (Banag et al.,
2015; Mazangi et al., 2016) and reduces the ef-
fectiveness of local and regional conservation
and management strategies (Van Dyke, 2008).
Climate change is a pressing issue for the Cau-
casus Mountains, where the average annual air
temperature increased by 0.2-0.4°C between
the 1960s and 2010 (Atayev & Bratkov, 2014).
Biodiversity of mountain ecosystems is partic-
ularly sensitive to climate change (Guerrina et
al., 2016). Endemic species, with their localised
populations and low dispersal rates, are consid-
ered among the most vulnerable components of
the mountain flora (Van Dyke, 2008; Banag et
al., 2015; Guerrina et al., 2016; Christmas et
al., 2016). One of the rare Caucasian endemics

is Fritillaria latifolia Willd. It is native to the
mountain meadow ecosystems of the ecoregion.
Despite a number of population-based studies
(e.g. Thazaplizheva & Chadaeva, 2012; Tania
& Abramova, 2013; Yamalov et al., 2014; Pshe-
gusov et al., 2019), the current knowledge about
the factors limiting Fritillaria latifolia distribu-
tion remains extremely scarce. Information on
the species range dynamics in relation to climate
change and the role of Protected Areas in its pre-
dicted distribution is also still lacking. However,
knowledge of the distribution predictors and lo-
cation of refugia is necessary to develop an ef-
fective conservation system for Fritillaria lati-
folia at present and in the future.

The issue can be addressed through Species
Distribution Models (SDMs). Based on the sta-
tistical processing of geographic species records
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and layers of topographic and climate informa-
tion, SDM 1is considered an efficient method
for studying the species potential distribution
(Elith et al., 2006; Peterson et al., 2011; Duarte
et al., 2019; Bowen & Stevens, 2020; Sillero et
al., 2021). This is particularly useful in moun-
tainous areas with complex, inaccessible basin-
and-range terrain. Within «bioclimate envelope»
modelling, SDMs typically include only abiotic
environmental predictors of the species distribu-
tion. At the same time, interspecific interactions,
as well as the widespread impact of human activ-
ity, represent integral components of species eco-
logical niches and influence species distribution.
Accounting for biotic and anthropogenic factors
in the models remains a relevant methodological
challenge in SDM. Our study therefore is focused
on the Biotic-Abiotic-Movement (BAM) con-
cept, which integrates three key sets of factors
(namely B-factors (biotic predictors including
anthropogenic factors in this study), A-factors
(abiotic environmental variables), and M-factors
(movement, dispersal capability or area acces-
sibility)) into single-species models (Soberon &
Peterson, 2005; Peterson, 2006; Peterson et al.,
2011; Peterson & Soberon, 2012). This concept
allows an analysis of the «occupied distribution-
al area», which corresponds most closely to the
actual species distribution (Soberén & Peterson,
2005; Peterson & Soberon, 2012).

In this context, this study was aimed to in-
vestigate the abiotic and anthropogenic factors,
and area accessibility, which could affect the dis-
tribution of Fritillaria latifolia in the Caucasus.
This knowledge is important, as it can form the
basis for an effective system of species preserva-
tion. The research objectives were (1) determin-
ing the most suitable set of abiotic predictors for
modelling the species localisation, (2) formalis-
ing environmental and anthropogenic factors in
SDMs, (3) predicting the possible changes in
the species range in relation to climatic changes,
and (4) identifying refugia with a consistently
high probability of the species occurrence de-
spite climatic changes. We hypothesised that the
distance to Protected Areas is one of the key fac-
tors in the species distribution at present and in
the future.

Material and Methods
Target species and study area
Fritillaria latifolia is a striking, well rec-
ognised bulbous geophyte species distributed
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in mountain grasslands of the Ciscaucasia, the
North Caucasus, Western and Eastern Transcau-
casia (Tania & Abramova, 2013; Batsatsashvili
et al., 2017; Pshegusov et al., 2019). The spe-
cies belongs to the psychrophytes, which pre-
fer cold and wet habitats (Red Data Book of
the Chechen Republic, 2020). As a hydrophilic
species (Yamalov et al., 2014; Batsatsashvili et
al., 2017), it occurs mainly on gentle river ter-
races (Tania & Abramova, 2013) and couloirs
with long-lasting snow cover (Pshegusov et al.,
2019) in subalpine and alpine wet and marshy
meadows, often on peaty soils (Yamalov et
al., 2014; Batsatsashvili et al., 2017). The de-
cline in populations of this Caucasian endemic
throughout its range is caused by pastoralism,
habitat degradation, and shoot and bulb harvest-
ing (Tania & Abramova, 2013; Pshegusov et al.,
2019). This species has been classified as «Rare
species» in the Red Data Book of the Republic
of Kabardino-Balkaria (2018) and the Red Data
Book of the Chechen Republic (2020).

The Caucasus ecoregion (about 390 000 km?
between 38—47° N and 36-50° E) was consid-
ered the study area. It comprises several climate-
orographic parts, namely the Ciscaucasia, the
North Caucasus and Transcaucasia (parts of the
Greater Caucasus), the Colchis and Kura-Araks
Lowlands, the Lesser Caucasus, and the Trans-
caucasian Highland (Fig. 1a).

The Caucasus ecoregion includes the territo-
ries of the Russian Federation, Azerbaijan, Geor-
gia, and Armenia. The Ciscaucasia is dominated
by a warm continental climate (Dfa according
to the Koppen-Geiger classification) (Fig. 1b).
The prevailing climate of the Greater Caucasus
is warm summer continental (Dfb) in the middle
mountains and cool summer continental (Dfc) or
alpine (ET) in the highlands. The North-West-
ern Caucasus and Western Transcaucasia have
a predominantly humid subtropical (Cfa) and
oceanic (Cfb) climate. Aridity of the climate
increases towards the southeast of the Greater
Caucasus. A humid subtropical and oceanic cli-
mate also prevails in the Colchis Lowland and
the northwestern part of the Kura-Araks Low-
land. In the southeastern part of the Kura-Araks
Lowland, the climate is cold semi-arid (BSk).
The mountainous areas of the Lesser Caucasus
and Transcaucasian Highland have a warm sum-
mer continental climate with increasing aridity
towards the southeast. In the southern part of
the Transcaucasian Highland, a cold semi-arid
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climate prevails. The main tree species in the
foothills and middle mountains of the Caucasus
are Fagus orientalis Lipsky, Carpinus betulus L.
and Quercus spp. Pinus sylvestris L. and Betula
spp. are widespread in the middle mountains and
highlands. Picea orientalis (L.) Peterm. and Ab-
ies nordmanniana (Steven) Spach occur in the
North-Western Caucasus and Western Transcau-
casia, while Juniperus spp. are common mainly
in the Transcaucasian Highland and Lesser Cau-
casus. The plains, foothills and lowlands of the
Caucasus ecoregion are mainly used for agricul-
ture. Subalpine and alpine grasslands historical-
ly serve as grasslands.
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Fig. 1. The geographic location, orography (a) and climate
classification scheme (b) of the study area. The climate clas-
sification scheme was built based on monthly mean tempera-
ture and precipitation data from WorldClim2 using the Saga
Gis v. 7.8.2 algorithm of Conrad et al. (2015). Koppen-Gei-
ger climate classification and colour scheme were sourced
from Peel et al. (2007). Designations: 1 — Western Cauca-
sus, 2 — Central Caucasus, 3 — Eastern Caucasus (parts of
the North Caucasus), 4 — Western Transcaucasia, 5 — Central
Transcaucasia, 6 — Eastern Transcaucasia; BSk — cold semi-
arid climate, Cfa — humid subtropical climate, Cfb — oceanic
climate, Csa — Mediterranean hot summer climate, Csb —
Mediterranean warm or cool summer climate, Dfa, Dfb and
Dfc — hot, warm and cool summer continental climate re-
spectively, Dsa, Dsb and Dsc — hot, warm and cool dry sum-
mer continental climate respectively, ET — alpine climate.
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Geographic records and environmental variables

The study design, including assessment and
manipulation of spatial data (presence points, en-
vironmental layers), model development and eval-
uation, was summarised in Electronic Supplement
1. We used 57 geographic records of Fritillaria
latifolia from the 2013-2022 expedition surveys
and 82 occurrence data from the Global Biodi-
versity Information Facility (GBIF.org, 2023). To
address the problem of spatial clustering of pres-
ence points, we applied spatial thinning as one of
the popular correction methods (Petrosyan et al.,
2020) (Electronic Supplement 1). Based on the re-
moval of geographic records, spatial thinning pro-
duces an occurrence dataset, from which efficient
SDM models are constructed (Kramer-Schadt et
al., 2013; Syfert et al., 2013; Aiello-Lammens et
al., 2015; Sillero et al., 2021). Accordingly, geo-
graphic records were checked for duplicates and
sparse to one data per 1 km? grid cell. As a re-
sult, 122 presence points remained after the spatial
thinning. Then, the dataset was tested for spatial
clustering using the Average Nearest Neighbour
Index (Clark & Evans, 1954), which revealed a
clustered distribution of 122 presence points (Elec-
tronic Supplement 2: Table S1, Fig. S1). When re-
thinning over a distance of 14 km, 113 randomly
distributed presence points remained (Electronic
Supplement 2: Table S1, Fig. S1). The R packag-
es (R Core Team, 2023) used for spatial thinning
and testing for spatial clustering were specified in
Electronic Supplement 3.

To determine the most suitable abiotic predic-
tors for modelling Fritillaria latifolia localisations
(Electronic Supplement 1), we used two sets of envi-
ronmental variables for comparative predictor anal-
ysis: 1) WorldClim2 bioclimatic parameters (Fick
& Hijmans, 2017; WorldClim2, 2023) and GM-
TED2010 topographic data (Danielson & Gesch,
2011; GMTED2010, 2023); 2) ENVIREM (EN-
VIronmental Rasters for Ecological Modeling) cli-
matic and topographic variables (Title & Bemmels,
2018; ENVIREM, 2023). To select uncorrelated
environmental layers, we applied the VIF (Variance
Inflation Factor) test in R (VIF threshold < 3) (Elec-
tronic Supplement 1). As a result, five ENVIREM
variables and eight WorldClim2+GMTED2010
predictors were involved in the analysis (Electronic
Supplement 2: Table S3).

To check, whether sampling bias is a problem
(Kramer-Schadt et al., 2013; Merow et al., 2013;
Sillero et al., 2021), we compared the distribu-
tion of predictor values for both ENVIREM and
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WorldClim2+GMTED2010 datasets (Electronic
Supplement 1). According to Mann-Whitney U-
test for two independent samples, the distribu-
tions of predictor values were similar only in the
pair of presence points and background points
for the ENVIREM set, indicating the absence of
bias (Electronic Supplement 2: Table S2). High
similarity was also identified when comparing
biased and unbiased ENVIREM A-models using
the agreement coefficient (Ji & Gallo, 2006; Rie-
mann et al., 2010) and Pearson correlation co-
efficient r (Electronic Supplement 2). Thus, no
sampling bias problem was revealed when us-
ing 113 occurrence points (obtained after spatial
thinning), background biased points and ENVI-
REM dataset. Therefore, already at this stage of
the study, the ENVIREM A-model was priori-
tised for further analysis.

In this study, we considered anthropogenic
factors as a part of the biotic predictors of the spe-
cies distribution. Given the susceptibility of Fritil-
laria latifolia populations to overgrazing and di-
rect human destruction, we used the distances to
grasslands and Protected Areas as the main anthro-
pogenic factors. Estimating distances from target
species to anthropogenic infrastructure is a com-
mon method of accounting for human activity in
SDMs (Ortiz-Urbina et al., 2020; Vignali et al.,
2021; Sharma et al., 2023). However, Euclidean
distance, as the most popular tool in this process,
is obviously not suitable for studying mountainous
areas, as it does not consider the altitude gradi-
ent. Therefore, we used the Path Distance measure
(path_landuse and path PAs) calculated with hori-
zontal straight-line distance, surface distance and
vertical factor (McCoy et al., 2001). Path Distance
was estimated for each grid cell as the distance to
the nearest object, considering altitude gradient
(McCoy et al., 2001). The input data were repre-
sented by a spatial feature class from the NextGIS
vector map sets (NextGIS, 2023) and the digital al-
titude model GMTED2010 (Amatulli et al., 2018).

The area accessibility (movement factor) is
an important concept in SDM, irrespective of
the algorithm used (Soberén & Osorio-Olvera,
2023). Our approach to formalising the move-
ment factor was to represent area accessibility
through the distance to optimal sites (plots with
0.8 threshold of habitat suitability), on which
the probability of species occurrence was higher
than 0.5 (Pshegusov et al., 2022).

BAM concept allows the effects of the three
factors to be studied separately by building A-,
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BA- and BAM-models. In the A-models, we used
the abiotic variables selected by the VIF test. In
the BA-models, we considered the abiotic vari-
ables and anthropogenic predictors (VIF < 3)
such as the distance to grasslands (path landuse)
and Protected Areas (path_PAs). The raster of dis-
tances to optimal areas (sites with 0.8—1.0 prob-
ability of species occurrence), where the proba-
bility of Fritillaria latifolia occurrence remained
above 0.5, was used as a movement-layer in the
BAM-model. The resolution of the resulting lay-
ers was 1 km per pixel.

Model development and evaluation

The modelling procedures were described in
ODMAP protocol (Electronic Supplement 4). The
R packages used for model development and eval-
uation were specified in Electronic Supplement 3.

In this study, we applied Maxent v. 3.4.3 (Phil-
lips et al., 2017) for species habitat modelling. It
is considered one of the most robust and efficient
modelling methods based on presence-only data
(Elith et al., 2006; Phillips & Dudik, 2008), espe-
cially when rare species with a small sample size
are involved (Elith et al., 2011; Qin et al., 2017,
Vignali et al., 2021). Identification of the opti-
mal set of Maxent model parameters was shown
in Overview/SDM algorithms/Model complexity
of the ODMAP protocol (Electronic Supplement
4). Selection of optimal model settings was also
shown in Overview/SDM algorithms/Selection of
optimal models in the ODMAP protocol (Elec-
tronic Supplement 4).

We calculated the percentage contribution of
predictors (Phillips et al., 2017) to assess their im-
portance in Maxent models. The optimal variable
values were obtained from the response curves by
cutting off at a threshold of 0.8. Different thresh-
olds are used to convert continuous probabilities
calculated in Maxent into discrete presence/ab-
sence predictions (Liu et al., 2013), and there is no
uniform method for defining the habitat suitabil-
ity threshold (Glover-Kapfer, 2015). To reduce the
risk of misidentification, it is advisable to choose
a high threshold for habitats with a high degree
of suitability (Pearson et al., 2004). In this study
we used a fixed high threshold of 0.8 for optimal
habitats. Such a threshold reduces the possibility
of false-positives (Buhl-Mortensen et al., 2019).
For potentially suitable habitats, we used a fixed
threshold of 0.5 (Elith et al., 2010; Kramer-Schadt
et al., 2013). The complementary log-log (cloglog)
transform was used to build the models as the best
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fit for estimating the occurrence probability (Phil-
lips et al., 2017). Distribution maps were generated
with a scale of species occurrence probability from
0 to 1 in the Maxent palette colour gradations.

The climatogenic distribution dynamics of
Fritillaria latifolia was considered in four time
periods, namely 2021-2040, 2041-2060, 2061—
2080, 2081-2100. We used the UKESM1-0-LL
(UK Earth System Model) developed in the United
Kingdom at the CMIP6 project (Sellar et al., 2019).
This is the second highest priority model in the
ISIMIP3b modelling protocol (Lange & Biichner,
2020). For this model, we considered two general
socio-economic pathways (SSP), in particular the
optimistic scenario SSP1-2.6 and the worst-case
scenario SSP5-8.5. The calculation of ENVIREM
layers for these scenarios were shown in Data/Pre-
dictor variables/Data processing of the ODMAP
protocol (Electronic Supplement 4). In total, we
built eight climatic BA-models of Fritillaria lati-
folia future distribution under two scenarios in four
time periods. The anthropogenic and orographic
predictors were assumed constant.

The localisation of Fritillaria latifolia refugia
with a consistently high probability of the species
occurrence despite climatic changes was deter-
mined in several steps. First, we converted into
points the optimal sites of the species occurrence
at present. Second, at these points we extracted
values of the species occurrence probability in fu-
ture time periods. Third, on the raster layers of
the climatic BA-models, we cut off points with
the occurrence probability below 0.8. Finally, we
mapped areas where the probability of Fritillaria
latifolia occurrence exceeded 0.8 throughout the
prediction period.

Results
Selection of the most suitable set of environ-
mental variables. A-models
The performance statistics of the resulting
WorldClim2+GMTED2010 and ENVIREM A-
models indicated their high predictive accuracy

(Electronic Supplement 2: Table S4). According
to the first A-model, the current Fritillaria latifo-
lia distribution was influenced by climatic factors
such as maximum mean temperature in February,
precipitation in November, and by altitude (Table
1). Predicted altitude values (0.8 threshold) corre-
sponded to the altitude values in Fritillaria latifolia
habitats, reported previously, namely 1600-2300
m a.s.l. in Abkhazia (Tania & Abramova, 2013),
1700-2500 m a.s.l. in Armenia (Batsatsashvili et
al., 2017), 2100-2500 m a.s.I. in the Central Cau-
casus (Pshegusov et al., 2019).

As reported in the Red Data Book of the
Chechen Republic (2020), Fritillaria latifolia oc-
curs at altitudes up to 3000 m a.s.l. in the Eastern
Caucasus. The main processes of underground
morphogenesis and growth of the species occur in
late winter, while the main processes of aboveg-
round vegetation (sprouting, shoot growth, flow-
ering) take place in spring (Thazaplizheva &
Chadaeva, 2012). This probably explains the im-
portance of maximum mean temperature in Feb-
ruary in the F. latifolia distribution. A suitable
temperature range during this critical vegetation
period is typical for the mountainous regions of
the Western Caucasus and Western Transcauca-
sia. Accordingly, the model predicted the F. /ati-
folia core range in these areas (Fig. 2a), which
is consistent with field observations (Pshegusov
et al., 2019). At the same time, an interpretation
of the November precipitation influence, i.e. pre-
cipitation during the species dormancy period,
was difficult.

According to the ENVIREM A-model, the
most important variable in the species distribution
was Emberger’s pluviothermic quotient, with opti-
mal values corresponding to humid and perhumid
climates (Daget et al., 1988) (Table 1). The model
predicted the core ranges of this hydrophilic spe-
cies in the Western Caucasus, Western and Central
Transcaucasia, and the western ridges of the Lesser
Caucasus (Fig. 2b), i.e. in areas with humid sub-
tropical and oceanic climate (Fig. 1b).

Table 1. Contribution of the main abiotic variables (percentage contribution of more than 10%) to the WorldClim2+GMTED2010
and ENVIREM A-models of Fritillaria latifolia ecological niche

WorldClim2+GMTED2010 ENVIREM
Variable PC, % Optimal values Variable PC, % Optimal values
tmax2, °C 31.6 from -4 to +0 embergerQ 54.7 150-190
precll, mm 29.5 135-155 TRI 20.8 75-250
Alt, m a.s.l. 11.4 1800-2100 PETColdestQuarter, mm/month 14 7-14

Note: Predictor abbreviations: tmax2 — maximum mean temperature in February, precl1 — precipitation in November, Alt — altitude, embergerQ — Emberg-
er’s pluviothermic quotient, TRI — terrain roughness index, PETColdestQuarter — mean monthly potential evapotranspiration of the coldest quarter. Variable
importance is represented as a percentage contribution (PC, %) in the Maxent models. Optimal values of variables were sourced from the response curves

by cutting off at the threshold of 0.8.
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Fig. 2. Predictive maps of the Fritillaria latifolia distribution in

the Caucasus by A-models based on WorldClim2+GMTED2010

(a) and ENVIREM (b) sets of environmental variables. Designa-

tions: 0—1 scale indicates the probability of species occurrence.

Less suitable habitat conditions were predicted
in the humid Central Caucasus, while unsuitable
habitats were expected in the arid areas of the Cis-
caucasia, the eastern part of the Greater and Lesser
Caucasus, the Transcaucasian Highland and the
Kura-Araks Lowland. The second most important
predictor of Fritillaria latifolia distribution was the
terrain roughness index, with optimal values rang-
ing from nearly level (81-116) to intermediately
rugged (162-239) slopes (Riley et al., 1999). This
is in line with field studies showing that the spe-
cies is mainly distributed in relatively gentle terrain
(Tania & Abramova, 2013; Pshegusov et al., 2019).

As a result, in both A-models
(WorldClim2+GMTED2010 and ENVIREM) the
contribution and optimal values of environmen-
tal predictors were largely consistent with the
ecological features of Fritillaria latifolia, and
the predictive distribution maps were in line with
the actual localisation of species populations. In
both A-models, the three most important predic-
tors were temperature, humidity and orographic
parameters. Despite similar results, we conclud-
ed that the ENVIREM cartographic model was
more consistent with the actual distribution of
Fritillaria latifolia in the Caucasus. Compared to
the more «stricty WorldClim2+GMTED2010 A-
model, it predicted large suitable areas in Trans-
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caucasia, which is in agreement with literature
data on Fritillaria latifolia occurrence in north-
ern parts of Abkhazia and Georgia and in north-
western part of Armenia (Tania & Abramova,
2013; Batsatsashvili et al., 2017). Furthermore,
ENVIREM predictors are not difficult to inter-
pret from available scales, and they have a direct
link to physiological and ecological processes
in vegetation cover (Title & Bemmels, 2018).
Emberger’s pluviothermic quotient and terrain
roughness index combine highly correlated vari-
ables in mountainous areas (altitude and slope
steepness, temperature and evapotranspiration).
In our view, their use contributes to addressing
the high collinearity of environmental variables
that have coherent variability on the altitude gra-
dient in mountains. In addition, as shown above,
no sampling bias problems have been identified
for ENVIREM A-model only. Accordingly, we
used the set of ENVIREM variables to build the
models of Fritillaria latifolia distribution (Elec-
tronic Supplement 1).

BA- and BAM-models of Fritillaria latifo-
lia distribution

High values of AUCtest, CBItest and TSSt-
est were obtained for the models (Table 2). These
values indicated high predictive accuracy of the
resulting models (good balance between model ac-
curacy and complexity, and model sensitivity and
specificity in discriminating occurrence data from
random data).

As shown in Table 1, the main abiotic predic-
tors in the A-model of Fritillaria latifolia distribu-
tion were embergerQ and TRI, which determine the
location of optimal habitats on near-level and in-
termediately rugged slopes in humid and perhumid
climate. These climatic and orographic parameters
also contributed most to the BA-model (Table 2).
Accordingly, the differences in areas of suitable and
optimum habitats predicted by the A-model and
BA-model were only 0.44% and 0.02% of the study
area (1700 km? and 80 km?), respectively (Table 3).

In terms of the percentage contribution to the
BA-model, the distance to Protected Areas was the
third important factor with optimal values of 0-1
km. This probably explains the increase in the spe-
cies optimal habitats according to the BA-model
(Table 3, Fig. 3a). The grazing factor, formalised
through the distance to grasslands, contributed less
to the model. Fritillaria latifolia populations could
be found both within grasslands and 40 km away
from grasslands (Table 2).
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Table 2. Model performance and contribution of the main variables to the Maxent models of Fritillaria latifolia distribu-

tion in the Caucasus

. . A-model BA-model BAM-model
Environmental variables - - -
PC, % Optimal values PC, % Optimal values PC, % Optimal values

embergerQ 54.7 150-190 48.7 160-180 28.1 160-180
TRI 20.8 75-250 19.8 80-250 15.9 80-250
PETColdestQuarter, mm/month 14.0 7-14 8.7 5-14 2.6 5-14
path_PAs, km — — 14.7 0-1 5.3 0-1
path_landuse, km — — 1.5 0-40 0.3 0-20
Movement factor, km - - - - 44.5 0-15
AUCtest = SD 0.95+0.02 0.97 £ 0.01 0.97+£0.01
CBltest 0.93 0.96 0.93
TSStest 0.82 0.85 0.86

Note: Predictor abbreviations: embergerQ — Emberger’s pluviothermic quotient, TRI — terrain roughness index, PETColdestQuarter — mean monthly po-
tential evapotranspiration of the coldest quarter, path_Pas — distance to Protected Areas, path_landuse — distance to grasslands. Model performance was as-
sessed by AUCtest (area under the curve from validation datasets) values averaged over five replications, CBItest (continuous Boyce index from validation

datasets), and TSStest (true skill statistics from validation datasets).

Table 3. Areas of suitable and optimal habitats of Fritillaria latifolia based on the Maxent models

Suitable areas, percentage of the study area

Optimal areas, percentage of the study area

A-model BA-model BAM-model A-model BA-model BAM-model
2.04 1.60 1.85 0.71 0.73 0.94
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Fig. 3. Predictive maps of Fritillaria latifolia distribution in
the Caucasus based on BA-model (a) and BAM-model (b).
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According to the BAM-model, an important pre-
dictor of Fritillaria latifolia distribution was the move-
ment factor (area accessibility) with a percentage con-
tribution equal to the combined contribution of abiotic
variables (Table 2). The distance of suitable areas to
optimal habitats was 15 km, and the area of suitable
and optimal areas increased by 0.25% and 0.21% of
the study area (980 km? and 830 km?), respectively,
compared to the BA-model (Table 3, Fig. 3b).
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latifolia range

Optimistic SSP1-2.6 models predicted a 1.6-fold
decrease in the area of suitable and optimal habitats
of Fritillaria latifolia from 2021 to 2100. The pes-
simistic (worst-case) SSP5-8.5 models predicted a
103-fold reduction in suitable habitat areas and a 122-
fold reduction in optimal habitat areas (Table 4).

According to both scenarios, the reduction
in habitat area was particularly pronounced in
the western part of the current species range with
the most humid (subtropical and oceanic) climate
(Electronic Supplement 2: Fig. S2). The climatic
models predicted less habitat reduction in the Cen-
tral Caucasus with a humid continental climate. In
the pessimistic scenario, only a small core range
of Fritillaria latifolia would remain here by 2080
and 2100. The optimistic models predicted that the
species core ranges would remain in the highlands
of the Western and Central Caucasus (Electronic
Supplement 2: Fig. S2).

Given the species dependence on the climatic pa-
rameters (Table 2), the predicted reduction in its range
is explained by a decrease in embergerQ and annual
precipitation with a simultaneous increase in mean
annual temperature (Fig. 4). By 2060 and 2100, the
worst-case SSP5-8.5 scenario predicted an increase
in average annual temperature of 6°C and 9°C and
a decrease in annual precipitation of 30 mm and 40
mm, respectively. The SSP5-8.5 scenario predicted
only 7 km? (0.002% of the study area) of Fritillaria
latifolia refugia by 2060 and no consistently optimal
areas by 2080 (Electronic Supplement 2: Table S5).
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Table 4. Habitat areas of Fritillaria latifolia according to the climatic models based on the optimistic (SSP1-2.6) and the
worst-case (SSP5-8.5) socio-economic pathways during 2021-2100

SSP1-2.6 SSP5-8.5
Climatic models
20212040 | 20412060 | 2061-2080 | 20812100 | 2021-2040 | 2041-2060 | 20612080 | 2081-2100
Suitable areas, percentage of the study area 1.20 0.84 0.85 0.76 1.06 0.26 0.06 0.01
Optimal areas, percentage of the study area 0.37 0.22 0.27 0.23 0.31 0.05 0.01 0.002
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Fig. 4. Dynamics of embergerQ, average annual temperature and average annual precipitation in the Caucasus according to the
climate change scenarios (socio-economic pathways) SSP1-2.6 and SSP5-8.5.

According to the optimistic SSP1-2.6 mod-
el, by 2100 the refugia area would be 172.4 km?
(0.05% of the study area) (Electronic Supplement
2: Table S5), and three main refugia of Fritillaria
latifolia will remain in the highlands of the West-
ern and Central Caucasus (Fig. 5). The refugia will
be partly located within Protected Areas.

Discussion

Previous studies covered various aspects of
Fritillaria latifolia ecology, such as orographic
and climatic requirements for habitats (Tania
& Abramova, 2013; Yamalov et al., 2014; Bat-
satsashvili et al., 2017; Pshegusov et al., 2019),
seasonal vegetation (Thazaplizheva & Chadae-
va, 2012), the actual localisation of the spe-
cies in the Caucasus (Zernov, 2006; Zernov &
Onipchenko, 2011; Tania & Abramova, 2013;
Pshegusov et al., 2019), its population biol-
ogy (Thazaplizheva & Chadaeva, 2012; Tania
& Abramova, 2013; Pshegusov et al., 2019).
Although most of these surveys were carried
out using field observations, our study can be
seen in the context of previous investigations.
We assessed the potential distribution of Fritil-
laria latifolia in relation to abiotic and anthro-
pogenic factors, area accessibility and climate
changes. This provided new insights into the
importance of Protected Areas as the species
refugia in the Caucasus.

Current distribution of Fritillaria latifolia

According to the A-, BA- and BAM-models,
the optimal habitats of Fritillaria latifolia in the
Caucasus were located on relatively gentle, wet
slopes (Table 2), which is consistent with field ob-
servations (Tania & Abramova, 2013; Yamalov et
al., 2014; Batsatsashvili et al., 2017; Pshegusov et
al., 2019). The occurrence of this hydrophilic spe-
cies was predicted mainly in areas with humid sub-
tropical and oceanic climate, such as the Western
Caucasus, Western and Central Transcaucasia, and
the western ridges of the Lesser Caucasus (Fig. 2,
Fig. 3). The lack of suitable sites in the Colchis
Lowland with a humid climate was probably due
to the species preference for highlands (Tania &
Abramova, 2013; Yamalov et al., 2014; Pshegusov
et al., 2019; Batsatsashvili et al., 2017).

The optimal habitats of Fritillaria latifolia pre-
dicted within 0—1 km of the Protected Areas (Table
2). Actually, the main reported habitats of this spe-
cies in Abkhazia were concentrated within the Ritsa
Relict National Park (Tania & Abramova, 2013),
while species populations in northwestern Arme-
nia were localised in the Lake Arpi National Park
(Batsatsashvili et al., 2017). In the North Caucasus,
Fritillaria latifolia was also mainly found with-
in a network of Protected Areas covering most of
the highlands. There are the Sochi National Park
and Teberda National Park (Zernov, 2006; Zernov
& Onipchenko, 2011), Prielbrusye National Park
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(Pshegusov et al., 2019), Erzi State Nature Reserve,
and Argun State Museum-Reserve (Red Data Book
of the Chechen Republic, 2020). Suitable species
habitats in northern Georgia, particularly in Racha-
Lechkhumi Region, Svaneti Region and Mtiuleti
Region (Batsatsashvili et al., 2017), were mostly
located outside Protected Areas. This probably ex-
plains the considerable reduction in the species opti-
mal habitats in this area according to the BA-model
(Fig. 3a), although in the total area of optimal habi-
tats it is increased based on the A-model (Table 3).

The low contribution of the grazing factor in
the tested models (Table 2) may be associated with
the resistance of Fritillaria latifolia to trampling
by animals. This resistance is probably related to
the protected underground bulbs (Yamalov et al.,
2014) and the early vegetation season before cattle
moving to summer pastures (Taniya & Abramova,
2013). Moderate grazing may also positively affect
the species population parameters (bulb and seed
reproduction, population density) by reducing veg-
etation coverage and the level of interspecific com-
petition in the plant community (Thazaplizheva &
Chadaeva, 2012; Pshegusov et al., 2019).

The species mobility (area accessibility) was
15 km to optimal habitats (Table 2). Ecologically,
the area accessibility (the vastness of suitable sub-
alpine grasslands) explains the species dispersal
capacity on a 15-km scale. Biologically, the spe-
cies distribution ability is related to seed spread-
ing by wind and water. Despite the abundance of
geographical barriers in the mountains, this species

mobility resulted in an increase in the area of suit-
able and optimal habitats of Fritillaria latifolia in
the BAM-model.

Future species distribution against the back-
ground of climate changes. Climatic refugia

Fritillaria latifolia belongs to the psychro-
phytes, which prefer cold and wet habitats (Red
Data Book of the Chechen Republic, 2020). There-
fore, an increase in climate aridity (Fig. 4) is con-
sidered a major limiting factor for the species,
which is consistent with our results. The Central
Caucasus, with its humid continental climate, is
probably more resistant to climate changes than
the Western Caucasus, Western and Central Trans-
caucasia, and the western ridges of the Lesser Cau-
casus with the most humid climate. The main fu-
ture core ranges of the species were predicted in
the Central Caucasus under both worst-case and
optimistic socio-economic pathways (Electronic
Supplement 2: Fig. S2).

Species refugia (areas with a consistently high
probability of Fritillaria latifolia occurrence de-
spite climate change) by 2100 under the SSP1-2.6
scenario were projected in the highlands of the
Western and Central Caucasus (Fig. 5). The West-
ern Caucasus refugia are partly located within the
Caucasus State Nature Reserve and Teberda Na-
tional Park. The Central Caucasus refugia are lo-
cated within the Prielbrusye National Park. These
areas should be prioritised for the conservation of
Fritillaria latifolia populations in the Caucasus.
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Fig. 5. The predicted location of Fritillaria latifolia refugia in the Caucasus by 2100 according to the optimistic SSP1-2.6 scenario.
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Conclusions

For the first time using SDM, the influence
of abiotic, anthropogenic factors and area ac-
cessibility on the current and future distribution
of Fritillaria latifolia in the Caucasus was stud-
ied, and the territories prioritised for the species
conservation were identified. ENVIREM and
WorldClim2+GMTED2010 models of the Fritil-
laria latifolia ecological niche had good perfor-
mance indicators and were largely consistent with
the ecological and biological characteristics of
the species. However, the ENVIREM model was
more in line with the actual localisation of the
species and had no sampling bias problem. Ac-
cordingly, we used the ENVIREM set of variables
to construct BAM-models.

The main abiotic predictors of Fritillaria lati-
folia distribution in the Caucasus were Emberg-
er’s pluviothermic quotient and terrain roughness
index. The importance (percentage contribution)
of these predictors was also high in the BA-mod-
el, which considered distances to Protected Areas
and grasslands, and in the BAM-model, which in-
cluded an area accessibility factor. Optimal Fritil-
laria latifolia habitats occurred on nearly level to
intermediately rugged mountain slopes in humid
and perhumid climates no more than 0—1 km to
the Protected Areas, and the area accessibility of
the species was about 15 km. At present the po-
tential area of optimal habitats for the species is
3680 km? or 0.94% of the study area. Optimistic
models predicted a 1.6-fold decrease in the area
of optimal Fritillaria latifolia habitats by 2100,
while pessimistic models predicted a 122-fold de-
crease, respectively.

The results also confirmed our hypothesis
that distance to Protected Areas is one of the
key factors in the current and future distribu-
tion of Fritillaria latifolia. Species core ranges
are localised in the Western and Central Cauca-
sus, Western and Central Transcaucasia, and the
northwestern ridges of the Lesser Caucasus with-
in a network of Protected Areas covering most of
the highlands. Given the extensive tourism de-
velopment in the Caucasus, strict monitoring of
the environmental regime in these territories is
required. According to the optimistic models, re-
fugia with a consistently high probability of Frit-
illaria latifolia occurrence by 2080-2100 would
remain in the highlands of the Western and Cen-
tral Caucasus, including the Caucasus State Na-
ture Reserve and Teberda National Park. These
Protected Areas are a priority for the species con-
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servation in the Caucasus, and their identification
constitutes the practical importance of the study.
Future studies should be aimed at monitoring
of the condition of Fritillaria latifolia popula-
tions, searching for new species localities in the
predicted areas, as well as adjusting forecasts to
new climate change scenarios.
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MOIEJINPOBAHUE ITPOCTPAHCTBEHHOI'O PACITPOCTPAHEHUA
KABKA3CKOI'O DHIAEMMUWKA FRITILLARIA LATIFOLIA
HA ®OHE KJIMMATUYECKWX U3MEHEHUI

P. X. ITmerycoB™ ', B. A. YagaeBa

Hncmumym sxonocuu 2opuvix meppumoputi umenu A.K. Tembomosa PAH, Poccus
*e-mail: p_rustem@inbox.ru

CoBpeMeHHbIE U3MEHEHNUS KJIMMaTa, JIerpajanns MeCTOOONTaHHH, ITepeBBINac CKOTa, cOOp MOOETroB 1 JIyKOBHI]
TIPE/ICTABISIIOT CEPHE3HYIO YTPO3Y /IS PEIKOTO KaBKa3CcKoro suneMuka Fritillaria latifolia. VI3ydenne mumMuTH-
pyromux (pakTopoB M IMHAMHUKH apeasa BU/a B CBA3M C M3MEHEHNEM KJIMMara U POJIM 0C000 OXPaHSIEMBIX MPHU-
POAHBIX TEPPUTOPHUI B PACIPOCTPAHEHUH HEOOXOANMO sl pa3paboTKH d(PPEKTUBHOI CHCTEMBI COXPaHEHHS
BH/Ia B HacTosiIee BpeMs 1 B OynymieM. Llenssmu nanHoro uccinenoBanust obut: (1) onpenenuts Hanboee moj-
XOSIIMH Habop aOMOTHYECKHUX TPEIUKTOPOB ISl MOACINPOBAHUS JIOKaIu3auu Fritillaria latifolia, (2) dbop-
MaJIN30BaTh a0MOTHYECKHE M aHTPOINOTeHHBIC (PaKTOPHI B MOJIEISX MPOCTPAHCTBEHHOTO pactpeneneHus, (3)
CIPOTHO3MPOBATh BO3MOXKHBIC M3MEHEHNS apeajia Buaa Ha (poHE KIMMaTHUECKUX U3MEHEHUH, (4) BBISBUTH pe-
(yruyMmsbl ¢ TOCTOSIHHO BBICOKOHM BEPOSITHOCTBIO OOHApYKEHHS BHJIa, HECMOTPS Ha KIIMMAaTHIECKUE N3MECHEHHS.
MBsI ncnionp3oBany Maxent Jutst MOJICTUPOBAHHSI COBPEMEHHOTO M KJIMMaTOreHHOTO apeainos Fritillaria latifolia
¢ y4eToM aOMOTHYECKHX TEPEMEHHBIX M aHTPONOTEHHBIX MPEIUKTOPOB (PAacCTOSHHE 10 0C000 OXpaHSIEMbIX
MIPUPOJHBIX TEPPUTOPHH M MacTOWMI). PaccTosHUS 10 aHTPONOreHHONH MH(PACTPYKTYPHl PACCUUTHIBAIINCEH C
romolnbio rnokasaresst Path Distance, yunTsIBaroiero ropu3oHTaIbHOE PACCTOSHUE 10 TIPSIMOM, pacCTOsIHUE O
TIOBEPXHOCTHU U BEPTHKAIBHBIN (hakTop. JocTymHocTs TeppuTopun (movement factor) popmannzosanu uepes
paccTosiHie OT ONTHMAJILHBIX YYacTKOB (C ITOPOrOM HPHUTofHOCTH MecTooOuTanuii 0.8), Ha KOTOPBIX BEPOST-
HOCTh nosiBIIeHKs Buaa Obita Beime 0.5. Hanbonee BaXxHBIME a0MOTHYECKUME TIEPEMEHHBIMH B pacIipe/ieIeHIN
BUIOB OBUIH ITIOBHOTEpMHUUYECKHH K03 dunneHT Imbeprepa, ONTHMAIbHbIC 3HAYCHUST KOTOPOTO COOTBETCTBY-
10T BJIQXKHOMY U NEPryMUAHOMY KIMMAaTy, 1 WHJ/IEKC IIEPOXOBATOCTH penbeda ¢ ONTHMAIbHBIMU 3HAUCHUSIMH,
BapbUPYIOMIMMH OT 1o4TH poBHBIX (81-116) mo cpenne kpyThix (162-239) ckinonos. Paccrostane 10 ocobo
OXpaHAEMbIX PUPOAHBIX TeppuTopHui (0—1 KM) OBIIIO TPETHHM 3HAYMMBIM MIPEANKTOPOM COBPEMEHHOTO pac-
npoctpanenus Fritillaria latifolia, B To BpeMs Kak pacCTOSIHUE JI0 MTACTOMII HE BHECIIO 3HAYNTEIBHOTO BKIIAAA
B MOjIeNb. PaccTossHuE MPUTOAHBIX TEPPUTOPUI OT ONTHMAIBEHBIX MECTOOOUTAHUH (JIOCTYITHOCTD TEPPUTOPUH)
coctaBmio 15 kM. LleHTpBI COBpeMEHHOTO0 apealia BH/Ia JIOKaJIM30BaHbl Ha 3amagHoM u Llentpansnom Kaskase, B
3anagHoM U L{enTpansHoM 3akaBKasbe M Ha ceBepo-3amagHbIxX xpedrax Masoro KaBkasza B mpenenax ceTa 0co-
00 OXpaHSEeMBIX MPHPOAHBIX TEPPUTOPU, OXBATHIBAIOLICH OOJBINYIO YaCTh BBICOKOTOPHH. ONTHMUCTUYHBIN
knumaruueckuil cuenapuit SSP1-2.6 npornosuposain ¢ 2021 no 2100 rr. yMeHbIlIEHHE MUIOIAAH ONTUMAIBHBIX
JUT BUJIa MecTooOuTaHmid B 1.6 pa3a, meccuMucTHYHBIN crieHapuit SSP5-8.5 — B 122 paza. ConacHo KinMa-
tudeckuM Mozensam SSP1-2.6, k 2100 r. mnowmans pedyruymMoB coctaBuT 172.4 kM* B BBICOKOTOPHBIX padioHax
3amaHol M neHTpanbHOM vacteilt bombioro KaBkasza, Bkimouast Tepputopuu KaBka3zckoro rocy/1apcTBEeHHOTO
IpUpOIHOTO OMochepHoro 3anoBegHUKA U TeGepIMHCKOr0 HAIMOHAIBHOTO Mapka. DTH TEPPUTOPUH JTOJDKHBI
CTaTh MPUOPUTETHBIMH ISl COXpAHEHHsI NPUPOAHBIX noyisiuuid Fritillaria latifolia.

KuaroueBbie cioBa: Maxent, KiimMaTuieckue crieHapuu, kKoHemus Biotic-Abiotic-Movement, oco60 oxpans-
emasi IIPUPOIHAs TEPPUTOPHSL, PePYTHyMBbI
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The most important condition of ecological restoration is the identification of reference ecosystems, which
function as a guide for assertive practice with which biological integrity and ecosystem structure and func-
tion can be compared. For restoration and conservation projects to be effective in the current scenario of
biodiversity and ecosystem services decay worldwide, it is fundamental to understand the soil-plant interac-
tions in each environment. In this study, we evaluated the structure and composition of the flora in 45 plots,
equally distributed in three preserved areas (reference ecosystems) of Atlantic Forest in the upper Rio Doce
watershed, Southeast Brazil. We also tested whether differences in species composition were influenced by
edaphic factors, both in the adult tree and sapling strata. In both tree and sapling strata, Fabaceae was the
species-richest family, followed by Myrtaceae, and Lauraceae. The Fabaceae family also showed the highest
importance value for both strata. The soils of the riparian forests were highly heterogeneous among the stud-
ied sites. Co-inertia analyses indicated a clear edaphic-floristic gradient in both tree (RV = 0.467; p < 0.001)
and sapling (RV = 0.478; p < 0.001) strata, with a connection of 46.7% and 47.8% between the edaphic and
floristic matrices for trees and saplings, respectively. We identified the groups of tree and sapling strata species
that were strongly associated with either nutritionally richer or poorer soils on each studied site. Understand-
ing how ecological and life-history traits of plant species relate with edaphic factors is an important step to
provide scientific-based knowledge to support policies for ecosystem recovery and restoration in the stretches
of the Rio Doce watershed.

Key words: phytosociology, preserved forest, taxon-environment relationships, tree stratum, sapling stratum,
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vegetation structure

Introduction

Restoration is the process of recovering of
an ecosystem that has been degraded, damaged,
or destroyed (SER, 2004). This process initiates
and/or accelerates the recovery of degraded ar-
eas, which premise is to re-arrange the complex-
ity of biological assemblages, encompassing spe-
cies composition and structure, and sustaining
the biota of a given ecosystem over time (Suding
et al., 2015; Rosenfield & Miiller, 2017; Temper-
ton et al., 2019). Given the current degradation of
ecosystems all over the world, restoration actions
are urgently needed and should focus on restor-
ing ecosystem functionality and properties (e.g.
Fernandes et al., 2016b; Kollmann et al., 2016;
Gann et al., 2019).

The initiation of the restoration process must
encompass the dissimilarities between current
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and expected future conditions in terms of com-
position, structure, and functions of the ecosys-
tem (Laughlin, 2014). In this sense, one of the
most important conditions of ecological restora-
tion is the identification of reference ecosystems
(Goebel et al., 2005; Toma et al., 2023). Refer-
ence ecosystems are defined as one or more ex-
isting, pre-existing, or hypothetical ecosystems
that will serve as a reference template for res-
toration or mitigation projects (Hobbs & Harris,
2001; Miller & Hobbs, 2007; Miller et al., 2012;
Toma et al., 2023). Reference ecosystems act as
a guide for assertive practices and goals (Nestler
et al., 2010; Temperton et al., 2019), from which
biological integrity and ecosystem structure and
function can be compared (Miller et al., 2012;
Balaguer et al., 2014). The structure and compo-
sition of the plant community is the main factor
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responsible for creating and maintaining ecosys-
tem functions and providing the basis for the de-
velopment of other biotic communities (Whitham
et al., 2006; De Deyn et al., 2008). Therefore, the
evidence provided by reference ecosystems gives
us the baselines to elucidate possible future tra-
jectories and to measure the initiatives of ecolog-
ical restoration success (Keenleyside et al., 2012;
Higgs et al., 2014; Toma et al., 2023).

The characterisation of soil-plant interac-
tions on reference ecosystems is of central im-
portance for restoration and the effectiveness of
conservation projects (e.g. Suding et al., 2015;
Bauer et al., 2017). Soils play an important role
in the diversity and functioning of tropical for-
ests (Rodrigues et al., 2020; Bafiares-de-Dios
et al., 2022; Figueiredo et al., 2022; van der
Sande et al., 2023), and a complex integrative
system exists between soil formation and forest
taxonomic composition, modulating patterns of
niche differentiation on a global scale (Fujii et
al., 2018). Soil nutrient availability shapes the
distribution of tropical tree species, confirming
the role of soils in plant community assembly
as a mechanism for structuring these communi-
ties (John et al., 2007; Chadwick & Asner, 2018;
Rodrigues et al., 2019; Lourenco et al., 2021;
Figueiredo et al., 2022).

Understanding how soil factors modulate the
structure of plant species composition and the
underlying ecosystem processes is far from trivi-
al. This is especially true for tropical forests that
host more than half of the world’s biodiversity
and provide important ecosystem services for hu-
man survival (Lewis et al., 2015). The Brazilian
Atlantic Forest is considered the 5™ global biodi-
versity hotspot (Murray-Smith et al., 2009) with
a high capacity of storing carbon (Magnago et
al., 2015). However, it is one of the most threat-
ened tropical forests in the world, mainly due to
deforestation, which has generated an intense
fragmentation process of this important ecosys-
tem (Ribeiro et al., 2011a; Marques & Grelle,
2021). Additionally, we highlight the environ-
mental disaster in the Rio Doce watershed, which
caused the collapse of the Funddo dam in the
municipality of Mariana (MQG), southeast Brazil,
in 2015. A tsunami of tailings caused the loss of
approximately 14.69 km? of vegetation and 90%
of the riparian vegetation of the River Fundao,
River Gualaxo do Norte, and River Carmelo
(Fernandes et al., 2016a; Bottino et al., 2017).
The riparian habitats are considered Permanent
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Protected Areas under the Brazilian legislation
(Metzger et al., 2019). This disaster caused nu-
merous problems, affecting ecosystems and eco-
logical interactions in this region (e.g. do Carmo
et al., 2017; Sanchez et al., 2018). The wave of
tailings released by the dam breach affected ri-
parian habitats of the Atlantic Forest, leading to
the loss of much of their regenerative capacity
(Fernandes et al., 2016a). Therefore, it is of ur-
gent importance to describe the interaction be-
tween edaphic factors and plant communities in
reference ecosystems on the Rio Doce watershed
in order to guide further restoration projects.

Our aim was to evaluate the structure and
composition of the adult and sapling strata and
its relationship with edaphic properties in the
preserved areas (reference ecosystems) of the
upper Rio Doce watershed. Our hypothesis was
that small-scale edaphic heterogeneity plays an
important role in shaping the species composi-
tion of adult and sapling strata. We expect this
study to provide subsidies for the delimitation
of a reference ecosystem that can be used in the
planning of ecological restoration programmes in
riparian forests, especially in the areas intensely
affected after the environmental disaster of the
collapse of the Funddao dam in Mariana munici-
pality, in the upper Rio Doce watershed.

Material and Methods

Study site

To achieve our aims we sampled vegetation
and soil in three old-growth riparian forests, lo-
cated in the upper Rio Doce watershed, in Mari-
ana municipality, Minas Gerais, southeastern
Brazil (Fig. 1). The sampled sites are situated
in three districts of the municipality of Mariana.
Site 1: Santa Rita Durdo district (20.276111° S,
43.430556° W) (Fig. Sla); Site 2: Monsenhor
Horta district (20.304722°S,43.219833° W) (Fig.
S1b); Site 3: Camargos district (20.285361° S,
43.396806° W) (Fig. Slc). We selected refer-
ence sites for the study based on their state of
conservation, prioritising sampling on accessible
fragments that were in later stages of succession,
and where the predominant physiognomy was an
ombrophilous forest. According to the Koppen
climate classification, the municipality of Mari-
ana has a mesothermal climate (Cwa), with rainy
summers and dry winters, average annual pre-
cipitation of 1571 mm and temperature ranging
at 16.0-22.0°C, with an average value of 19.5°C
(Alvares et al., 2013).
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Fig. 1. Map showing the location of the three sampling sites in riparian forests in the upper Rio Doce watershed, Mariana
municipality, Minas Gerais state, southeastern Brazil. Site 1 — Santa Rita Durfo district; Site 2 — Monsenhor Horta district;

Site 3 — Camargos district.

Vegetation sampling

We used the plot method to sample and char-
acterise the reference ecosystem sites (Mueller-
Dombois & Ellenberg, 1974). The phytosocio-
logical survey was conducted in 15 plots of 100
m? (10 x 10 m) at least 10 m apart from each
other, totalling 45 plots (4500 m?). We marked
the plots with the aid of a level compass. To
sample the tree stratum, we inventoried all tree
individuals in each plot with DBH (diameter at
breast height at 1.3 m from the ground) > 5 cm.
We marked all trees with aluminium plates in
the trunk attached by nails and measured the cir-
cumference at breast height (CBH) using a tape
measure (in cm). Samples of each plant indi-
vidual were collected, identified with numbered
adhesive tapes, and pressed to be later identified
to the lowest possible taxonomic level. Because
many individuals were not flowering at the sam-
pling time, several further trips had to be made
to the sites to collect fertile material for proper
species identification.

Regarding the sampling of the sapling stra-
tum, we allocated a 5 X 5 m sub-plot in the lower
left corner (watercourse direction) within each
10 x 10 m plot. Within each sub-plot, with the
aid of a digital caliper, we inventoried all herba-
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ceous and shrubby individuals with DGH (diam-
eter at ground height) between > 1 and <5 cm. We
marked all individuals within the sampling crite-
ria with numbered aluminium plates, tied with
nylon thread, and measured the height of each
individual with the aid of a wooden tape measure
(Menino et al., 2009, 2012).

We collected plant material (vegetative or
reproductive) for identification with specialised
literature and existing material, and to make ex-
siccates. After this step, we deposited all identi-
fied specimens in the Montes Claros Herbarium
(MCMGQ) at the State University of Montes Claros
(Unimontes). The family names followed the
Angiosperm Phylogeny Group (APG IV, 2016).
Synonymy verification, nomenclature and species
authors were obtained through the «WorldFlora»
package (Kindt, 2020) in the R environment (R
Core Team, 2018), standardised according to
World Flora Online (https://www.worldfloraon-
line.org/). We made additional checks with the
Flora e Funga do Brasil (2022) for species, which
were not found in World Flora Online. The param-
eters calculated for the vegetation phytosociology
were the absolute and relative values of density,
dominance, frequency, and importance value (IV)
(Mueller-Dombois & Ellenberg, 1974).
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Soil sampling

We collected about 100 g of simple soil sam-
ples at 20 cm depth at the four corners of each plot
and at its centre. These were mixed in situ and
transformed into a composite sample per plot,
totaling 45 soil samples for the study. Each com-
posite sample represented a valid estimate of the
mean edaphic parameters for the plot (Binkley &
Vitousek, 1989). We collected the soil samples
according to the procedures described in Dick et
al. (1996), where each sample was dried in the
shade, kept at room temperature, crushed, com-
pletely homogenised, and identified, and then
sent for chemical and granulometric analysis by
the Soil Department of the Federal University of
Vicosa (UFV). All soil granulometric analyses
(coarse sand, fine sand, silt, and clay fractions)
followed the protocol proposed by Donagemma
et al. (2017). The measurement of pH in water
used 1.0 : 2.5 (v/v) soil : solution ratios. The
exchangeable Ca?*, Mg*", and AI’" cations were
extracted by 1 mol/L KCI solution, and the Ca**
and Mg** contents were determined in the extract
by titration with EDTA 0.01 mol/L and the AI**
contents by titration with NaOH 0.025 mol/L,
according to Silva et al. (1999). The elements P
and K were extracted by Mehlich 1 solution, and
the levels of these elements in the extracts were
determined by spectrophotometry, according to
Silva et al. (1999). Potential acidity (H + Al)
was extracted by 0.5 mol/L calcium acetate so-
lution at pH 7.0 and determined by alkalimetric
titration of the extract (Silva et al., 1999). The
base saturation and aluminium saturation were
calculated, respectively as follows (see Alvarez
Venegas et al., 1999):

K +Ca”™ +Mg™*
K+Ca® +Mg”" +H+Al

Al
K+Ca’ +Mg™ + Al

Base saturation =100 x

Aluminium saturation =100 x

Data analyses

To access the sufficiency of the sampling
efforts, we constructed rarefaction curves for
species diversity using the function «rare Rao»
from package «adiv» (Pavoine, 2020) in the R
environment (R Core Team, 2018) following
Ricotta et al. (2012), in which expected species
diversity for each sampling site was computed
as a function of the cumulative number of plots.
We used the resampling approach with 10 000
iterations. We evaluated the pattern of exclusive
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and shared species among the three studied sites
through Venn diagrams constructed for both tree
and sapling stratum using the package «VennDi-
agram» (Chen & Boutros, 2011) in the R envi-
ronment (R Core Team, 2018).

To compare the mean values of each edaphic
factor between sites, we used ANOVA followed
by post-hoc pairwise Tuckey tests. We tested the
normality of ANOVA residuals using the Shap-
iro-Wilk test, and when the residuals were non-
normal, we used the Kruskal-Wallis followed by
post-hoc pairwise Mann-Whitney tests (Quinn &
Keough, 2002). To determine the relationships
between the edaphic variables and the plant spe-
cies community, we used the co-inertia analysis.
This analysis is a general and flexible method
that measures the concordance (also called co-
structure) between two multivariate data sets
(Dolédec & Chessel, 1994; Dray et al., 2003).
We applied the co-inertia analysis to quantify
and test the association between two matrices si-
multaneously. We defined the edaphic matrix as
the mean values of 13 edaphic factors across the
45 plots, while the floristic matrix consisted of
the incidence (presence and absence) of 174 tree
species and 189 sapling species across the 45
plots. The co-inertia analysis results in a value
called «RV», which measures the strength of as-
sociation between the two matrices. The RV val-
ue is limited to O (i.e. no association) and 1 (i.e.
maximum association). We accessed the signifi-
cance of the co-inertia (p-value) by Monte Carlo
permutation, performed with 10 000 randomi-
sations. To implement the co-inertia, we used a
standardised and centred PCA (mean = 0; stan-
dard deviation = 1) for the edaphic matrix, and a
centred PCA (mean = 0) for the floristic matrix,
according to Dray et al. (2003). To achieve the
assumptions of normality in the edaphic data, we
used the square root transformation for magne-
sium (Mg), aluminium (Al), base saturation, and
fine sand content. In addition, we used logarith-
mic transformation for phosphorus (P), calcium
(Ca), and clay contents. We performed the co-
inertia analysis in the R environment (R Core
Team, 2018) using the package «ade4» (Dray
& Dufour, 2007). To evaluate the association
between each edaphic variable and the co-ordi-
nates of the plots on axis 1 of co-inertia, we used
Pearson’s correlation, while we defined the asso-
ciation between species and axis 1 of co-inertia
by the co-ordinates of the species on this axis
(Pavoine et al., 2011).
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Results

In this study, we recorded 291 plant species
belonging to 49 families, of which 174 species
of 45 families at the tree stratum (Table S1), and
189 species of 40 families at the sapling stratum
(Table S2). The rarefaction curves shown in Fig. 2
indicate a sufficient sampling of species diversity
for the three sites of both tree (Fig. 2a,b,c) and
sapling stratum (Fig. 2d,e,f) since the expected
species diversity showed a trend for stabilisation.

At the tree stratum, the richest families
were Fabaceae (26 species), followed by Myrta-
ceae (18 species), Lauraceae (12 species), and
Melastomataceae (8 species). Twenty families
were represented by only one species (Table
S1). Regarding the importance value (IV), Fa-
baceae accounted for 21.3% of IV, followed by
Lauraceae (9.2%), Myrtaceae (8.9%), and Sap-
indaceae (7.4%) (Table S1). The most impor-
tant tree species was Hieronyma alchorneoides
Allemao (Phyllanthaceae; IV = 5.8%), followed
by Nectandra megapotamica (Spreng.) Mez
(Lauraceae; IV = 4.0%), Siparuna guianensis
Aubl. (Siparunaceae; IV = 4.0%), and Cupania
vernalis Cambess. (Sapindaceae; IV = 3.2%)
(Table S1). At the tree stratum 19 taxa could not
be identified and these unidentified species ac-
counted for 5.2% of I'V.

At the sapling stratum, the richest families
were Fabaceae (23 species), followed by Myrta-
ceae (21 species), Lauraceae (12 species), and
Rubiaceae (11 species). Fifteen families were
represented by only one species (Table S2). Re-
garding the IV, the family Fabaceae account-
ed for 18.2% of 1V, followed by Siparunaceae
(IV=11.6%), Rubiaceae (IV =9.8%), and Myrta-
ceae (IV =9.5%) (Table S2). The most important
sapling species was Dalbergia nigra (Vell.) Al-
lemao ex Benth. (Fabaceae; IV = 11.4%), fol-
lowed by Siparuna guianensis (IV = 7.0%), S.
reginae (Tul.) A.DC. (Siparunaceae; IV =4.5%),
and Psychotria vellosiana Benth. (Rubiaceae;
IV = 3.8%) (Table S2). At the sapling stratum,
21 taxa were not identified and these unidentified
species accounted for 4.5% of IV.

Ten species from the tree stratum occurred
on all three studied sites, namely Aniba firmula
Mez (Lauraceae), Annona sylvatica A.St.-Hil.
(Annonaceae), Dalbergia nigra, Guatteria vil-
losissima A.St.-Hil. (Annonaceae), Machaerium
hirtum (Vell.) Stellfeld (Fabaceae), Nectandra
oppositifolia Nees & Mart. (Lauraceae), Platy-
podium elegans Vogel (Fabaceae), Senna mul-
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tijuga (Rich.) H.S.Irwin & Barneby (Fabaceae),
Siparuna guianensis, and Xylopia sericea A.St.-
Hil. (Annonaceae) (Fig. 3a). Among these spe-
cies, only Platypodium elegans stands among
the ten most important species from the tree
stratum. Most species occurred exclusively on
just one site. The number of exclusive tree spe-
cies on site 1, 2, and 3 were, respectively, 73
(74%), 29 (58%), and 43 (67%) (Fig. 3a). Re-
garding the sapling stratum, six species occurred
on all three studied sites, Cestrum axillare Vell.
(Solanaceae), Dalbergia nigra, Guatteria villo-
sissima, Nectandra oppositifolia, Siparuna re-
ginae, and Xylopia sericea (Fig. 3b). With the
exception of Guatteria villosissima and Xylopia
sericea, these species stand among the ten most
important species of the sapling stratum (Table
S2). Similar to the tree stratum, the majority of
sapling species were exclusive for one site. The
number of exclusive sapling species on site 1, 2,
and 3 were, respectively, 64 (67%), 51 (72%),
and 39 (62%) (Fig. 3b).
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Fig. 2. Rarefaction curves for species diversity (Gini-Simp-
son index) as a function of sampling effort (cumulative num-
ber of plots) on three sampling sites of riparian forests in the
upper Rio Doce watershed, Mariana, Minas Gerais, south-
castern Brazil. Designations: a, b, ¢ — tree stratum on sites
1, 2, 3, respectively; d, e, f — sapling stratum on sites 1, 2,
3, respectively. Blue dots and continuous line indicate the
expected species diversity; red dashed line indicates the 95%
confidence interval. The districts of each site are indicated.
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Fig. 3. Venn diagram illustrating the exclusive and shared
species among three studied sites from tree (a) and sapling
(b) strata of riparian forests in the upper Rio Doce watershed,
Mariana municipality, Minas Gerais state, southeastern Bra-
zil. Designations: Site 1 — Santa Rita Durdo district; Site 2 —
Monsenhor Horta district; Site 3 — Camargos district.

The soils of the studied riparian forests showed a
considerable variation that indicates a high heteroge-
neity among the sites (Table 1). According to the soil
chemical properties, the pH ranged from highly acidic
(3.6) to mildly acidic (6.1), while the aluminium satura-
tion ranged from 0.0% to 90.1%. The base saturation
ranged from 1.7% to 67.1%, the content of calcium
ranged from 0.0 cmol /dm’ to 4.0 cmol /dm’, and the
content of phosphorus ranged from 0.9 mg/dm® to
7.6 mg/dm?. Regarding the soil texture, there was also a
wide variation among the sampling plots (Table 1). The
proportion of fine sand ranged from 5.7% to 69.0%,
while the proportion of clay ranged from 7.0% to 54.5%.
The comparison among sites indicated that there were
significant differences among sites for all edaphic fac-
tors analysed (Table 1). The soil from site 3 (Camargos
district) was significantly more acidic, and less fertile,
with a higher aluminium concentration, while the soil
from site 1 (Santa Rita Durdo district) showed the op-

posite pattern, with less acidic, more fertile, and had a
lower aluminium concentration (Table 1).

The co-inertia analysis (COIA) evidenced a
clear edaphic-floristic gradient at both tree and sap-
ling strata. The overall association between tree spe-
cies and edaphic parameters was highly significant
(RV=0.467;p<0.001) according to the COIA (Monte
Carlo with 10 000 permutations). We found a connec-
tion of 46.7% between the edaphic and tree floristic
matrices. The percentage of covariance explained by
the tree stratum COIA axis 1 was 83.7%, while axis
2 explained 10.0% of the covariance. Thus, we fur-
ther explored only the COIA axis 1. The positive side
of the COIA axis 1 showed plots with nutritionally
rich and less acidic soils, a higher content of calcium
and magnesium, and a higher proportion of fine sand
(Fig. 4a). Tree species more strongly associated with
the positive side of this axis were Nectandra mega-
potamica, Schinus terebinthifolia Raddi (Anacardia-
ceae), Guarea guidonia (L.) Sleumer (Meliaceae),
Eugenia florida DC. (Myrtaceae), Syzygium jambos
(L.) Alston (Myrtaceae), and Dendropanax cuneatus
Decne. & Planch. (Araliaceae) (Fig. 4b). On the other
hand, the negative side of COIA axis 1 showed plots
with acidic and nutritionally poor soils, with a higher
aluminium saturation, a higher content of aluminium,
potential acidity (H + Al), phosphorus, and a higher
proportion of clay and coarse sand (Fig. 4a). Tree spe-
cies more strongly associated with the negative side
of this axis were Erythroxylum pelleterianum A.St.-
Hil. (Erythroxylaceae), Cupania vernalis, Piptadenia
gonoacantha (Mart.) J.F.Macbr. (Fabaceae), Mo-
quiniastrum paniculatum (Less.) G.Sancho (Astera-
ceae), Myrcia guianensis DC., M. retorta Cambess.
(Myrtaceae), and Nectandra oppositifolia (Fig. 4b).

Table 1. Soil parameters for each sampling site (N = 15 plots per site) in riparian forests in the upper Rio Doce whatershed,

Mariana, Minas Gerais, southeastern Brazil

‘ Sit‘e 1 Site 2 Site 3 Statistics
Site Santa Rita Durdo Monsenhor Horta Camargos
M + SE M + SE M+ SE (p-value)
pH (H,0) 523+0.12* 4.61+0.07° 3.88+0.05¢ F=66.12 (p<0.001)
P (mg/dm?) 2.36+0.19° 2.41+0.22° 4.19 £0.42° F=9.52(p<0.001)
K (mg/dm?) 51.19 +3.39* 29.72 +£3.26° 54.40 £ 2.03* F =20.64 (p <0.001)
Ca (cmol /dm®) 1.99 +0.24* 0.89+£0.07° 0.33+£0.19° H=27.76 (p <0.001)
Mg (cmol /dm?) 0.87+0.07 0.38+0.03° 0.28 £0.07° H=25.10 (p <0.001)
Al (cmol /dm?) 0.12 £ 0.04 0.59 + 0.06° 1.85+0.09¢ F=167.80 (p <0.001)
H+Al (cmol /dm®) 4.34+0.55° 5.00 £ 0.67° 11.55+0.32° H=26.97 (p <0.001)
Base saturation (%) 4279 +4.31° 24.13 +2.88° 5.74 £ 1.70° F=48.58 (p <0.001)
Al saturation (%) 5.64 +2.56* 31.00 £ 2.93% 75.95+£5.15¢ H=33.93 (p<0.001)
Coarse sand (%) 10.27 £ 1.56° 14.11 +1.95* 19.97 £ 1.91° F=727(p<0.01)
Fine sand (%) 38.33 +£3.12° 41.48 +£3.22¢ 17.37 £1.53° H=28.80 (p <0.001)
Silt (%) 33.80 +£2.24° 25.95+2.87" 17.08 +2.06° F=12.02 (p<0.001)
Clay (%) 17.60 + 1.32° 18.48 + 1.68° 45.58 +1.39° H=29.42 (p<0.001)

Note: M — mean value, SE — standard error. Districts of each site are indicated. Lowercase letters denote significant differences (p < 0.05) according to ANOVA (F)
followed by the post-hoc Tuckey pairwise test, or Kruskal-Wallis (H) followed by the Mann-Whitney pairwise test when residuals of ANOVA were not normal.
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Fig. 4. Co-structure between edaphic parameters and tree spe-
cies community sampled on three sites from riparian forests in
the upper Rio Doce watershed, Mariana municipality, Minas
Gerais state, southeastern Brazil. Designations: (a) — Pearson’s
correlation between edaphic factors and plot co-ordinates on
co-inertia analysis (COIA) axis 1; (b) — co-ordinates of tree
species with highest association with positive and negative
side of COIA axis 1. The green arrow at the top indicates the
overall direction of the soil fertility gradient. Orange and blue
circles represent, respectively, negative and positive values of
correlation (a) or co-ordinates (b) on COIA axis 1.

Regarding the sapling stratum, the overall as-
sociation between sapling species and edaphic pa-
rameters was also highly significant (RV = 0.478;
p < 0.001) according to the COIA (Monte Carlo
with 10 000 permutations). We found a connec-
tion of 47.8% between the edaphic and sapling
floristic matrices. The percentage of covariance
explained by COIA axis 1 was 82.4%, while axis
2 explained 10.7% of the covariance. Thus, simi-
lar to the COIA based on the tree stratum, we fur-
ther explored only the COIA axis 1 for the sapling
stratum. The positive side of the sapling-based
COIA axis 1 evidenced a very similar pattern to
the tree-based COIA, showing plots with nutri-
tionally rich and less acidic soils, with a higher
content of calcium and magnesium and a higher
proportion of fine sand (Fig. 5a). Sapling species

florida,
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Fig. 5. Co-structure between edaphic parameters and sapling
species community sampled on three sites from riparian forests
in the upper Rio Doce watershed, Mariana municipality, Minas
Gerais state, southeastern Brazil. Designations: (a) — Pearson’s
correlation between edaphic factors and plot co-ordinates on
co-inertia analysis (COIA) axis 1; (b) — co-ordinates of sapling
species with the highest association with positive and negative
side of COIA axis 1. The green arrow at the top indicates the
overall direction of the soil fertility gradient. Orange and blue
circles represent, respectively, negative and positive values of
correlation (a) or co-ordinates (b) on COIA axis 1.

more strongly associated with the positive side
of this axis were: Siparuna guianensis, Den-
dropanax cuneatus, Syzygium jambos, Eugenia
Sebastiania commersoniana (Baill.)
L.B.Sm. & Downs (Euphorbiaceae), and Ces-
trum schlechtendalii G.Don (Solanaceae) (Fig.
5b). On the other hand, likewise the tree stra-
tum COIA, the negative side of sapling-based
COIA axis 1 showed plots with acidic and nu-
tritionally poor soils, a higher aluminium satura-
tion, a higher content of aluminium, phospho-
rus, and a higher proportion of clay and coarse
sand (Fig. 5a). Sapling species more strongly
associated with the negative side of this axis
were: Siparuna reginae, Cupania emarginata
Cambess. (Sapindaceae), Psychotria vellosiana,
Prunus myrtifolia (L.) Urb. (Rosaceae), Nectan-
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dra oppositifolia, and Jacaranda micrantha
Cham. (Bignoniaceae) (Fig. 5b).

Discussion

Understanding the processes that drive bio-
diversity in natural environments is essential for
creating effective policies that ensure the success
of restoration projects. Phytosociological stud-
ies integrated with edaphic factors surveys stand
out for their high importance, as they allow the
comparison across various sites with varied sit-
uations of the same ecosystem. As a result, we
may be able to identify the agents or factors that
boost the recovery of the environment and assist
in the definition of mitigating measures (Balestrin
et al., 2019). Furthermore, these studies are in-
dispensable in the process of establishing refer-
ence ecosystems, a crucial step in the restoration
process, because this information allows us to set
goals and to monitor the success of the restora-
tion (Turchetto et al., 2017; Durbecq et al., 2020;
Toma et al., 2023). In the present case, scientific
knowledge about the reference ecosystem for the
proper restoration of the riverine forests in the
Rio Doce watershed is fundamental and urgent
because many initiatives are being implemented,
unfortunately without understanding the native
vegetation of the riparian ecosystems.

Our phytosociological data showed a high
floristic diversity, in which 820 individuals of in
total 291 species were sampled in the tree stratum,
and 899 individuals belonging to 189 species were
sampled in the sapling stratum. The number of
species reflects the high floristic diversity found in
the Atlantic Forest, shaped by local environmental
conditions, such as variation in soil quality (Fa-
gundes et al., 2019; Figueiredo et al., 2022) and
successional stages (Forzza et al., 2012). Here, we
found a predominance of species from the Fabace-
ae and Myrtaceae families, corroborating previous
floristic surveys conducted at various regions of
the Atlantic Forest (Oliveira et al., 2011; Miranda
et al., 2019; Dias et al., 2021). These families are
important indicators of community development
(Tabarelli et al., 1994; Gei et al., 2018). Some spe-
cies from the Myrtaceae family are indicators of
the forest quality, where degraded habitats tend to
have lower species richness of this family (Amor-
im et al., 2009; Rigueira et al., 2013). The Fabace-
ae family is widely distributed in the Neotropical
forests and many species are nitrogen-fixing, con-
tributing to a greater availability of this nutrient in
the ecosystem (Gei et al., 2018).
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Among all species sampled in the sapling
stratum, Dalbergia nigra stood out by present-
ing the highest importance value. This species
has a distribution restricted to the Atlantic For-
est (Silva Junior et al., 2022), and is known for
its economic and ecological potential (Carvalho,
1994). Due to the overexploitation of Dalbergia
nigra populations and anthropic impacts on its
natural habitat (Ribeiro et al., 2011b), this species
is classified as Vulnerable in relation to the risk
of extinction (Varty, 1998). This pioneer species
is classified as evergreen to semideciduous and
occurs on well-drained slopes, as well as inside
dense primary forests and in secondary forma-
tions (Lorenzi, 1992). Dalbergia nigra produces
a high abundance of seeds, allowing it to colonise
a wide variety of environments. These ecological
traits make Dalbergia nigra a species with great
potential for mitigation projects or in the recovery
of degraded environment, besides influencing the
nutritional factors of the soil due to its nitrogen-
fixing capability (Silva Junior et al., 2020).

The species with the highest IV for both tree
and sapling stratum are predominantly composed
of species with zoochoric dispersal. For example,
in the sapling stratum, Siparuna guianensis and S.
reginae are respectively the second and third most
important species in the studied riparian forests.
Siparuna guianensis has fruits dispersed mainly
by ants, birds, and mammals (Oliveira & Paula,
2001; Magalhaes et al., 2018), and Siparuna re-
ginae has also a zoochoric dispersal (Armando et
al., 2011). The association of these species with
animals helps to promote the recovery of ecosys-
tem services and favours the structuring of these
environments. The recurrence of species with
zoochoric dispersal is a pattern commonly found
in other studies in the Atlantic Forest (Oliveira et
al., 2011; Suganuma et al., 2013; Franco et al.,
2014). Plant species dispersed by animals can ac-
celerate the successional process, facilitating the
recovery of ecosystems (Sansevero et al., 2011).
The local fauna is an important driver of the spa-
tial distribution of vegetation in forest ecosystems
(Negrini et al., 2012; Franco et al., 2014) increas-
ing the genetic variability of species (Almeida et
al., 2008). Limiting factors that affect dispersal
simplify species composition, where closer com-
munities tend to have similar composition, even
without taking into account ecological similarity
(Beaudrot et al., 2013).

Our data support the importance of soil char-
acteristics in modulating the structure of plant
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species composition in tropical forests (e.g. Ve-
loso et al., 2014; Coelho et al., 2018; Fagundes et
al., 2019; Figueiredo et al., 2022; van der Sande
et al., 2023). We found congeneric species as-
sociated with opposite conditions of the edaphic
gradient, both in the tree and sapling stratum. In
the sapling stratum Siparuna guianensis was as-
sociated with less acidic, nutritionally richer soils
with a higher proportion of fine sand. On the oth-
er hand, Siparuna reginae was associated with
more acid soils, nutritionally poor, and a higher
proportion of clay. Therefore, we emphasise that
the results found here should not be extrapolated
to other taxonomically close species, because in
many cases species of the same genus may re-
spond in contrasting ways to the characteristics
of each location, as shown here. Similarly, the
congeneric pair of the tree stratum, Nectandra
megapotamica and N. oppositifolia, were associ-
ated with opposite edaphic gradient conditions.
Nectandra megapotamica was associated with
less acidic and nutritionally richer soils. This spe-
cies is classified as late secondary, shade tolerant,
and strongly associated with moist soils (Lorenzi,
1998). On the other hand, Nectandra oppositifolia
was associated with more acidic soils, nutrition-
ally poor, and with a higher proportion of clay.
Nectandra oppositifolia has a rapid growth in
both the early and secondary stage, and its fruits
are dispersed by birds (Gandolfi et al., 1995).
Pioneer species that dominate early succession
stages are fundamental in facilitating processes,
helping plant community re-composition (Kong
et al., 2023). Thus, Nectandra oppositifolia po-
tentially plays an important role in the recruit-
ment of species in areas with relatively more re-
strictive edaphic characteristics.

Conclusions

Understanding how ecological and life-history
traits of plant species, such as dispersal mecha-
nisms and growth relate to edaphic factors is an
important step to providing scientific-based knowl-
edge to support policies for ecosystem recovery
and restoration (Garnier et al., 2004; Kattge et al.,
2011). We emphasise that studies of this nature
must be conducted in various regions of the Atlan-
tic Forest to broaden our knowledge about the as-
sociation patterns between plant species and soil
characteristics of this mega-diverse ecosystem.
These patterns of association are extremely impor-
tant because of modifying patterns of richness and
act on species composition, showing that each type
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of habitat needs specific conservation plans for the
ecosystem. Our results provide a solid attempt to
generate information for reference ecosystems in
the Rio Doce watershed, southeast Brazil, a region
subjected to large-scale human disturbances that
need urgent restoration practice.
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ITAJIOHHBIE YYACTKU NIPUBPEXHbBIX ATNTAHTUYECKUX JIECOB,
HAXOJAIIUECS ITOJ YT'PO30H NCUE3HOBEHU A
B BEPXHEW YACTH BOIOPA3JIEJIA PUY-IOCH
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Hawnbonee BaxkHOW 0COOEHHOCTBIO KOJIOTHUECKOTO0 BOCCTAHOBCHHUSI SIBJIIETCS BBISIBICHUE dTAJOHHBIX YKOCH-
CTEM, KOTOPBIC MOTYT CIYXKHTb JIJIsl CPABHEHUS OMOJIOTUYECKONM IEIOCTHOCTH, CTPYKTYPHI U (DYHKITUH IKOCH-
creM. UToOBI MPOEKTHI IT0 BOCCTAHOBJICHUIO U COXPAHCHHIO SKOCHCTEM ObLTH 3(P()EKTHBHBIMU B COBPEMCHHOM
CIICHAPUH CHIDKCHHUSI OMOPa3HOOOpas3Hs M 3KOCHCTEMHBIX YCIIYT BO BCEM MUpE, KpailHe Ba)KHO IMOHUMATh B3a-
MMOJICHCTBHUE MOYBBI M PACTCHUN B KaXIIOW cpejie oOuTaHus. B 3TOM mcciaeJoOBaHUH MBI OLEHHIIN CTPYKTYPY
U cocTaB (QIopsl Ha 45 ydacTKax, paBHOMEPHO PacHpe/ICICHHBIX Ha TPEX OXPAHSEMBIX TEPPUTOPHSIX (ITATOH-
HBIX 9KOCHCTeMaX ) ATIAHTHYECKOTO Jieca B BepXHel yactu Bogopaszena Puy-/locu Ha roro-soctoke bpasmmmmu.
MBI TakKe MPOBEPUIIH, BIHSIOT JIM HA Pa3IH4YUs B BUIOBOM cocTaBe dnadudeckue (pakTopsl B Ipyce ICPEBbHEB
U sipyce moapocta. B 06oux sipycax HanmOOJBIIMM YHCIIOM BHIOB OBUIM TIpE/ICTaBICHBI cemelricTBa Fabaceae,
Myrtaceae u Lauraceae. Taxke st cemeiictBa Fabaceae ObII0 0TMEUCHO HaMBEICIISE 3HAYCHUE 3HAYMMOCTH B
00oux sipycax. [1ouBbI MPUOPEIKHBIX JIECOB HA UCCIICAOBAHHBIX YYaCTKAaX OTIUYAIHCh BEICOKOH HEOITHOPOIHO-
CThIO. AHAIM3 KOWHEPIUU ITOKa3aJl sSBHBINA 31apuuecKu-(QrIopucTHUSCKUN TPaTUeHT KaK JJs sipyca JepPCBbEB
(RV =0.467; p <0.001), Tak u s sipyca nogpocra (RV = 0.478; p < 0.001) co cs3bio 46.7% u 47.8% mexay
snapuUecKoi U PIOPUCTUICCKON MaTPUIIAMH JIJIS ICPEBHEB U IMOJPOCTa COOTBETCTBEHHO. Ha kaxkom ucciemy-
€MOM YYacCTKe MBI OIIPEICIIMIIN TPYIITEI BUJOB JIEPEBHEB U IMOIPOCTA, KOTOPBIC OBUIA TECHO CBS3aHBI C TOYBAMU
100 Ooiee OorareIMu, 1100 OoJiee OEAHBIMU TUTATEILHEIMU BelllecTBaMU. [IOHMMaHKE TOT0, KAK 0COOEHHOCTH
9KOJIOTUH ¥ JKU3HCHHOTO [IUKJIA PACTECHHIA CBA3aHBI ¢ 3naduuecKiuMu (HaKTOPaMU, SIBIISICTCSI BaXKHBIM IIarOM Ha
ITyTH TOJIYYCHUST HAyYHO OOOCHOBAHHBIX 3HAHUH JUIS MONICPIKKH IMOJUTHKH BOCCTAHOBJICHUS 3KOCHCTEM Ha
ydacTkax Bopopaszaena Puy-/locu.

KuroueBble cj10Ba: B3aMOOTHOILEHHSI TAKCOH — OKPY KAoILasi Cpefia, OXpaHsIEMBIi JIEC, CTPYKTypa pacTUTEIb-
HOCTH, (PUTOLICHOJIOTHS, SIPYC JIEPEBBEB, SIPYC MOAPOCTA
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Long-term studies are crucial in ecology, environmental change assessment, resource management and biodi-
versity conservation. Stercorarius maccormicki (hereinafter — south polar skua) are predators that can threaten
populations of bird species of the orders Sphenisciformes and Procellariiformes. At many places in Antarctica,
abundance trends for the skua are not known or have not been updated. This study is an attempt to answer the
question: how did a south polar skua population react to changes in environmental conditions during 1956—
2013? The objectives of the study was (1) to establish the dynamics of the breeding skua population on the
Haswell Islands, i.e. Haswell Island and the small islands of the Haswell Archipelago during 1956-2013, and
(2) to explain the reasons of the changes in the studied population. A secondary research question was whether
there were changes in the spatial distribution of the breeding skua population on the Haswell Archipelago during
the study period? The studies have been carried out on the Haswell Archipelago (Davis Sea), mainly in Antarctic
Specially Protected Area Nel127 «Haswell Island and adjacent emperor penguin rookery on fast ice». Ground
count was the main method for determining the size of bird colonies. South polar skua bred on 3-8 islands of the
Haswell Archipelago. In the study period, the population size of the south polar skua has changed on the Haswell
Archipelago. A decrease in the number of individuals (-52%) was observed between 1956—1957 and 1966—-1967
breeding seasons. Between 1966—1967 and 1999-2000 breeding seasons, the skua population declined by 30.7%
and reached the lowest value of 18 pairs. Population growth (344.4%) was recorded between 1999-2000 and
2009-2010 breeding seasons, with an increase of 33.8% and reaching the maximum value (83 pairs) in 2010-
2011 breeding season. By 2012-2013 breeding season, the south polar skua population has declined by 13.2%.
On Haswell Island, between 1956—1957 and 2012-2013 breeding seasons, there was a change in skua abundance
that was similar to the change in the total breeding population on Haswell Archipelago during the entire period.
On the small islands of the Haswell Archipelago, the number of breeding south polar skuas declined (-80%)
between 19561957 and 1962-1963 breeding seasons. The breeding seasons of 1962—1963, 1966—1967 and
1999-2000 were characterised by the lowest number of individuals. Between 1999-2000 and 2009-2010 breed-
ing seasons, the number of south polar skuas increased by 400%. A decrease in abundance (-41.6%) occurred
between 2009-2010 and 2010-2011, followed by the consequent increase (by 36.3%) by 2012-2013 breeding
season. During the study period, changes in the abundance of south polar skuas on the Haswell Archipelago were
independent of changes in average daily November temperatures between 1956—1957 and 20122013 breeding
seasons (Mann-Whitney test U =0, p = 0.0017, n = 7 (asymptotic (2-sided))), when they were laying eggs and
heating them. The number of south polar skuas changed independently of changes in the number of individuals
of their prey, represented by Aptenodytes forsteri, Pygoscelis adeliae, and Fulmarus glacialoides (respectively
U=49,p=0.0006,n=7,U=16,p=0.029,n=4; U= 16, p=0.029, n = 4 (asymptotic (2-sided))). The high
mortality of eggs, chicks and local weather conditions could influence the breeding success of the south polar
skua, which could have a delayed effect on their long-term dynamics. Human activities have influenced the skua
population, but have not been studied quantitatively. On the Haswell Archipelago, the reasons for historical
changes in abundance of the breeding skua population remain largely unclear.

Key words: abundance, conservation, human activity, monitoring, south polar skua, tendency, trend

Introduction

Long-term studies are crucial in ecology, en-
vironmental change assessment, natural resource
management and biodiversity conservation (Lin-
denmayer et al., 2012). They enable the tracking of
changes in natural systems before and after natural
and anthropogenic disturbances (Taig-Johnston et
al., 2017; Philippe-Lesaffre et al., 2023). Long-
term data on changes in the abundance of bird
populations are valuable for identifying possible
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causes of fluctuations and for conservation mea-
sures (Reif, 2013). Gaps in long-term population
studies contribute to less reliable explanations of
the processes occurring in populations and ecosys-
tems, as well as the causes that induce these chang-
es. Seabirds are found in all oceans, from coastal
areas to the high seas, and, compared with most
other marine animals, they provide a better under-
standing of threats to their populations and popula-
tion trends (Dias et al., 2019).
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Stercorarius maccormicki (Saunders, 1893)
(hereinafter — south polar skua or skua; see Fig. 1) is
an opportunistic predator that breeds around Antarc-
tica (Ritz et al., 2008), mainly on the coasts (Higgins
& Davies, 1996; Carneiro et al., 2016). It is listed un-
der the Least Concern category in the Global [UCN
Red List (BirdLife International, 2018). The state of
the world population of this species (600015 000
adults) has been assessed as stable (BirdLife Inter-
national, 2018). Approximately 50% of the global
skua population is estimated to inhabit the Ross Sea
region (Wilson et al., 2017).

In continental Antarctica, the south polar skua
is a food generalist, which uses a wide range of
prey including marine mammals, penguins, flying
birds, fish and invertebrates, as well as kitchen re-
fuse and garbage (Reinhardt et al., 2000). Skuas
are sensitive to human activities (Chwedorzewska
& Korczak, 2010) and by breeding near stations
or sites of intense human activity, they are able to
benefit from this by increasing predation on eggs
and chicks of other bird species (Sander et al.,
2005). In East Antarctica, the south polar skua is
the only avian predator that seriously affects breed-
ing populations of seabirds (Norman & Ward,
1990), which form the basis of its diet (Reinhardt
et al., 2000). Any increase in the skua population
is an additional pressure on their prey, i.e. birds
that may already be influenced by human activities
(Hemmings, 1990).

Population trends of the skua are poorly un-
derstood (Wilson et al., 2015), and the number of
skua individuals has been infrequently assessed
in most locations (Wilson et al., 2017). Informa-
tion on trends of the south polar skua is avail-
able on a very few sites, particularly in the last
10-20 years (Phillips et al., 2019). This is partly
true because changes in skua colonies due to hu-
man activity make them less useful for monitoring
of marine ecosystems than penguins, but may be
useful, if such links are not present (Ainley et al.,
1986). However, the skua population trends with
various time ranges (i.e. an interval between the
first and last population counts in a particular loca-
tion) and detailing (i.e. the number of population
counts in a known time range) remain the focus
of interest of researchers. They are analysed and
used in the monitoring of the Antarctic environ-
ment, in particular in the environmental policy of
Antarctic stations and their neighbourhood (e.g.
Chwedorzewska & Korczak, 2010). Research in
the Antarctic Peninsula with adjacent islands (West
Antarctica), Pointe Géologie, Terre Adélie (East
Antarctica) and the Ross Sea region claim lead-
ership in this direction (e.g. Ainley et al., 1986;
Quintana et al., 2000; Micol & Jouventin, 2001;
Grilli, 2014; Krietsch et al., 2016). However, there
are still many places in Antarctica and adjacent is-
lands where skua population trends are not known
or have not been updated.

Fig. 1. South polar skua (Stercorarius maccormicki) on the Haswell Archipelago, Davis Sea.
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The south polar skua is a common avian spe-
cies, a seasonal resident of the Haswell Archi-
pelago (East Antarctica). It breeds in loose colo-
nies, small groups or single pairs on islands free
of snow and ice. The breeding population of the
skua is the least abundant compared to the size
of breeding populations of other bird species, it
is relatively well studied and has a long series of
intermittent observations (Mawson, 1915; Korot-
kevich, 1959; Pryor, 1964, 1968; Syroechkovsky,
1966; Kamenev, 1968; Starck, 1980; Mizin, 2015;
Golubev, 2018). The local skua population repre-
sents about 1-2% of the global adult population,
where Haswell Island supports 70.0-91.5% of
breeding skuas on the Haswell Archipelago.

On the Haswell Islands, the south polar skua
usually feeds on eggs, chicks and adults of the
most abundant bird species, such as Aptenodytes
forsteri Gray, 1844, Pygoscelis adeliae (Hom-
bron & Jacquinot, 1841), and Fulmarus glacia-
loides (Smith, 1840) (Pryor, 1968). They mainly
feed on carrion (Korotkevich, 1958, 1959; Pry-
or, 1965; Kamenev, 1977, 1978) and rarely turn
to predation (Pryor, 1968). Pygoscelis adeliae
suffers the most from predation by skuas (Maw-
son, 1915; Pryor, 1964; Kamenev, 1971). At the
Mirny Station, skuas also visited the food waste
dump for several decades (Starck, 1980; Mizin,
2015; Golubev, 2018). South polar skuas have
no food competitors on land, except for Sterco-
rarius antarctica lonnbergi (Mathews, 1912),
which has recently entered the Haswell Islands
(Mizin, 2015; Golubev, 2020, 2021). As an avi-
an predator, south polar skua can pose threats to
other Haswell Archipelago seabird populations.
Therefore, studying of the exploitation of prey
trophic relationships of skuas is important for
our understanding of the long-term survival and
coexistence of local seabird populations. Skua
interactions with their prey should be consid-
ered in Antarctic Specially Protected Area Nel127
«Haswell Island and adjacent emperor penguin
rookery on fast ice» (hereinafter — ASPA Nel127
«Haswell Island»), as Aptenodytes forsteri and
Pygoscelis adeliae are vulnerable and require
conservation measures (BirdLife International,
2024). Aptenodytes forsteri is a Near Threatened
taxon (BirdLife International, 2020).

Updated information on skua population
trends on the Haswell Archipelago has not been
published until recently (Carneiro et al., 2016).
This study attempts to answer the question:
how did the south polar skua population reacts

to changes in environmental conditions during
the period of 1956-2013? The objectives of the
study were (1) to establish the dynamics of the
breeding population of the skua on the Haswell
Islands, i.e. Haswell Island and the small islands
on the Haswell Archipelago during the period of
19562013, and (2) to explain the reasons for
skua population changes. A secondary research
interest was to answer the following question:
have there been changes in the spatial distri-
bution of the breeding skua population on the
islands of the Haswell Archipelago during the
study period, and if so, what has changed?

Material and Methods

Study area

Haswell Archipelago (66.55° S, 93.01° E)
is located in the coastal part of the continen-
tal shelf of Davis Sea (Treshnikov Bay, Queen
Mary Land, southern Indian Ocean). The area is
rich in icebergs. For most of the year, the sea
is covered with fast ice. Its width can exceed
30 km (Shesterikov, 1959; Mirny Observatory,
2020). The Haswell Archipelago includes 17 rel-
atively large islands scattered no further than 3
km (excluding Ploskiy Island) from the coast of
Antarctica, where the Russian Mirny Antarctic
Research Station has operated year-round since
1956, providing the basis for research activi-
ties. Haswell Island is the largest (0.82 km?) and
highest (93.1 m a.s.l.) rock of the Haswell Ar-
chipelago (Voronov & Klimov, 1960; Kashin &
Chistyakov, 2022; Fig. 2).

The altitude of smaller islands generally
ranges from 10 m a.s.l. to 35 m a.s.l. (Voronov &
Klimov, 1960). The study area (about 12 km?) in-
cluded islands and sea ice hosting breeding popu-
lations of nine bird species, namely Aptenodytes
forsteri, Pygoscelis adeliae, Oceanites oceanicus
(Kuhl, 1820), Fulmarus glacialoides, Thalassoica
antarctica (J.F. Gmelin, 1789), Daption capense
(Linnaeus, 1758), Pagodroma nivea (G. Forster,
1777), Stercorarius maccormicki, and S. antarc-
tica. All bird species breeding in this area are
concentrated on Haswell Island and near it (Gol-
ubev, 2018). In order to preserve this biodiversity,
Site of Special Scientific Interest Ne7 «Haswell
Island» (Report, 1976) was allocated in 1975 on
the Haswell Archipelago. This Protected Area
was later named as (hereinafter — ASPA Nel27
«Haswell Island»). Its boundaries coincide with
those of Important Bird Area «ANT 141: Haswell
Island» (Harris et al., 2015).
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Fig. 2. Distribution of active nest sites of the skua (Stercorar-
ius maccormicki) on the Haswell Islands based on 20122013
breeding season censuses (Fig. 2A). Yellow circles — nests of
Stercorarius maccormicki; red circles — nests of mixed pairs
(Stercorarius maccormicki with S. antarctica lonnbergi or
possibly hybrid individuals between these species). The inset
in the upper left corner of Fig. 2B shows the location of the
study area and the Mirny Station.

Bird survey methods

The fieldwork of Sergey V. Golubev has
been carried out during the 2012-2013 and
2015-2016 breeding seasons inside the Haswell
Archipelago. South polar skuas were counted in
November and December 2012. The counts of
mixed pairs (Stercorarius maccormicki with S.
antarctica lonnbergi or possibly hybrid individ-
uals between these species) were carried out in
November — January from 2012-2013 to 2015
2016. Data from 1912—-1913 to 20102011 were
taken from publications and unpublished reports
of biologists (Table 1).

The research mainly covered the period of
laying eggs, incubation of eggs and the begin-
ning of chick hatching. Ground counts have
been the main method for studying breeding
populations of seabirds. For skuas, we counted
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1) pairs with nests containing eggs or chicks,
2) adult birds sitting on nests, without clutches
of eggs and chicks, 3) territorial pairs without
nests. In 2012, skua surveys were carried out in
November and December. During a later count
(December) of the same breeding season, the
status of pairs (i.e. breeding pairs or territorial
pairs without nests) of adult birds sitting on
nests, without clutches of eggs and chicks and
territorial pairs without nests may have changed.
Data analysis was based on counting breeding
pairs on occupied nests. A pair with a clutch of
eggs or chick(s) has been considered a breeding
pair. The standard approach for counting skuas
by recording territorial pairs or brooding birds in
occupied territories (Carneiro et al., 2016; Kri-
etsch et al., 2016; Phillips et al., 2019) has been
used partly based on the specifics of historical
information and our own data sets.

The size of skua colonies, trends of their prey
(Aptenodytes forsteri, Pygoscelis adeliae, Ful-
marus glacialoides) in the breeding skua popu-
lations on the Haswell Archipelago, and changes
in the spatial distribution, abundance and popu-
lation density of birds (pair/km?) were also the
focus of our attention. They were established by
comparing historical (Korotkevich, 1959; Pryor,
1968; Kamenev, 1968; Starck, 1980; Mizin &
Chernov, 2000; Dorofeev, 2011; Mizin, 2015)
and our (from 2012-2013 to 2015-2016 breed-
ing seasons) data. The population density of
breeding skua pairs on Haswell Island was cal-
culated together with glaciers on its surface. The
geographic co-ordinates of the nest position, oc-
cupied territories, the distance from the nest to
the nearest border of Haswell Island and the dis-
tance between the nearest nests with clutches of
eggs without taking into account uneven terrain,
as well as the height of the nests above sea level,
were recorded using a GPS (Global Positioning
System) navigator. Each nest with eggs or chicks
was mapped using Google Earth Pro programme
to eliminate double fixation (Phillips et al., 2019;
Fig. 2A). Nests were photographed with one or
both partners of a pair. Whenever possible, the
number and combinations of coloured plastic
marks, number of metal rings on legs of breed-
ing skuas were recorded. This also contributed
to the elimination of double fixation of one nest.
For each nest on Haswell Island, we calculated
(1) the nearest-neighbour index (NNI index) as
an average distance from the nest to three other
closest nests (Carneiro et al., 2010), (2) distance
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from the nest to the edge of the island (Carnei-
ro et al., 2010), and (3) nest position above sea
level. The number of eggs in the clutch or their
absence and the standard morphometric param-
eters of the nest and eggs were recorded. Identi-
fication of Stercorarius maccormicki and S. ant-
arctica lonnbergi has been carried out based on
a set of features, namely size, plumage colour,
voice, and posture during the demonstration of a
long call. The hybrid status of transitional indi-
viduals has not been established.

Mapping of historical records of occupied
south polar skua nests on Haswell Island col-
lected by a unified way from censuses conducted
from 1956—-1957 to 2009-2010 breeding seasons
(n=135, Fig. 3) was based on relevantly published
maps (Korotkevich, 1959; Pryor, 1968; Starck,
1980; Mizin & Chernov, 2000; Mizin, 2015).
However, the distribution of nests was still ap-
proximately due to the lack of accurate co-or-
dinates in publications and reports or detailed
maps with the location of nests in the study area.

All the islands, except for Haswell Island,
were considered small islands. Statistical analy-
sis and data visualisation were carried out in Mi-
crosoft Excel 2013 (USA), in Google Earth Pro
2022 (USA), and Adobe Photoshop CC 2015.0.0
Portable Version (USA). Calculation of sta-
tistical indicators (Mann-Whitney U-test) was
carried out using the SciPy library ver. 1.11.4.
(https://scipy.org/) in Python ver. 3.11 (https://
www.python.org/). Calculation of the Mann-
Whitney U-test for data presented with spaces,
continuity correction (1/2) was applied.

Results

Changes in the abundance of the breeding
population of the south polar skua on the Has-
well Archipelago (from 19561957 to 2012-2013)

During the study period, the breeding skua
population on the Haswell Archipelago has ex-
perienced changes in breeding conditions. A
decline in abundance was observed between
1956-1957 and 1966-1967 breeding seasons
(-52%). Following the gap between 1966—1967
and 1999-2000 breeding seasons, the skua
population size experienced a 30.7% decline
and reached a historically minimal value of 18
breeding pairs. Population growth (344.4%) was
recorded between 1999-2000 and 2009-2010
breeding seasons, with an increase by 33.8% and
by reaching a historical maximum (83 pairs) in
2010-2011 breeding season. By the 2012-2013
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breeding season, the number of breeding south
polar skuas had decreased by 13.2% (Fig. 4A).
The number of south polar skuas changed dur-
ing the study period regardless of changes in the
number of their food resources, namely Apteno-
dytes forsteri, Pygoscelis adeliae, and Fulmarus
glacialoides (respectively, U = 49, p = 0.0006,
n=7U=16,p=0.029, n =4, and U = 16,
p = 0.029, n = 4 (asymptotic (2-sided))).

On Haswell Island, there was a change in
skua abundance from 1956-1957 to 20122013
breeding seasons (Fig. 4B). These changes were
similar to changes in the total size of the breeding
skua population on all Haswell Islands during the
above mentioned period (Fig. 4A). On the small
islands of the Haswell Archipelago, the number
of breeding skuas declined sharply (-80%) from
1956-1957 to 1962—-1963 breeding seasons. The
breeding seasons of 1962-1963, 1966-1967, and
1999-2000 were characterised by the lowest or
near the lowest historical minimum abundance.
On the small islands of the Haswell Archipelago,
the number of skuas increased by 400% between
1999-2000 and 2009-2010 breeding seasons.
There was a decrease in population size (-41.6%)
from 2009-2010 to 2010-2011 breeding seasons,
followed by an increase (36.3%) by 2012-2013
breeding season (Fig. 4C). On the small islands
of the Haswell Archipelago, the skua abun-
dance changed independently of changes in the
skua abundance on Haswell Island (U = 48.5,
p = 0.002 (asymptotic (2-sided))). Moreover,
during the study period, changes in the skua
abundance on the Haswell Islands were indepen-
dent of changes in average daily November tem-
perature from 1956—1957 to 2012-2013 breeding
seasons (Mann-Whitney test: U =0, p =0.0017,
n = 7 (asymptotic (2-sided))), when they were
laying eggs and heating them.

Dynamics of the spatial distribution of the
breeding skua population on the islands of the
Haswell Archipelago

In the 2012-2013 breeding season, south
polar skuas occupied six islands of the Haswell
Archipelago, namely Haswell Island, Tokarev
Island, Gorev Island, Buromsky Island, Zykov
Island, and Fulmar Island. Seventy-two breeding
skua pairs were identified with nests with clutch-
es, and three territorial pairs without nests. On
Haswell Island, 61 breeding pairs (84.7% of the
total number of breeding skuas on the Haswell
Archipelago) were found.
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Table 1. Distribution and abundance of breeding pairs of the south polar skua (Stercorarius maccormicki) on the Has-

well Islands, 1912-2013

. Breeding pairs on islands . .
Breeding season > (breeding pairs) References
1 2 3 4 5 6 7 8
1912-1913 + - - — - - - - - Mawson, 1915
1956-1957 35 3 4 3 2 1 1 1 50 Korotkevich, 1959
1962-1963 23 1 1 0 1 0 0 0 26 Pryor, 1968
1966-1967 20 4 0 0 0 0 0 0 24 Kamenev, 1968
1978-1979 20 - - - - - - - - Starck, 1980
1999-2000 15 2 1 0 0 0 0 0 18 Mizin & Chernov, 2000
2009-2010 50 3 2 3 1 1 1 1 62 Mizin, 2015
20102011 76 3 1 1 1 1 0 0 83 Dorofeev, 2011
2012-2013 61 4 3 2 0 1 0 1 72 S.V. Golubev, unpublished data

Note: Designations of the islands: 1 — Haswell Island; 2 — Fulmar Island; 3 — Tokarev Island; 4 — Zykov Island; 5 — Stroiteley Island; 6 — Buromsky Island;
7 — Poryadin Island; 8 — Gorev Island; «+» — skuas bred, but counts were not carried out; «—» — counts were not carried out.

Fig. 3. Distribution of occupied nests of the south polar skua (Stercorarius maccormicki) on Haswell Island (yellow circles)
according to surveys in a specific breeding season. Designations: A — season of 1956-1957 (redrawn from Korotkevich,
1959); B — season of 1962—1963 (redrawn from Pryor, 1968); C — season of 1978—1979 (redrawn from Starck, 1980); D —
season of 1999-2000 (redrawn from Mizin & Chernov, 2000); E — season of 2009-2010 (redrawn from Mizin, 2015). Fig. 3D
shows nine out of 15 nests of the south polar skua identified originally by Mizin & Chernov (2000).

Nests of mixed pairs of the skua also were
identified on Haswell Island. In 2012-2013 breed-
ing season, two nests with eggs and chicks and one
territorial pair without nest were found on Haswell
Island. In 2014-2015, one breeding pair was re-
corded on Haswell Island. In 2015-2016 breeding
season, two breeding pairs and one territorial pair
without nest were found on Haswell Island.

During the studied period (1912-2016), chang-
es in the spatial distribution of south polar skua
nests on the Haswell Islands have been identified.
Skuas bred on 3-8 islands of the Haswell Archi-
pelago, usually near colonies of Pygoscelis adeliae
and species of Procellariiformes (Mawson, 1915;
Korotkevich, 1959; Kamenev, 1968; Pryor, 1968;
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Starck, 1980; Mizin & Chernov, 2000; Dorofeev,
2011; Mizin, 2015; S.V. Golubev, unpublished
data). Annual (Haswell Island and Fulmar Island)
or near-annual (Tokarev Island) breeding occurred
on three islands. Non-annual breeding was record-
ed on five islands (Zykov Island, Stroiteley Island,
Buromsky Island, Poryadin Island, and Gorev Is-
land). The rarest breeding of single pairs was ob-
served on Poryadin Island and Gorev Island, where
there were no breeding colonies of other seabird
species. At breeding seasons with a relatively low
bird abundance (18-26 breeding pairs), skuas oc-
cupied up to three small islands. However, they oc-
cupied up to seven small islands, if the total breed-
ing population size was > 50 pairs (Table 1).
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Fig. 4. Long-term changes in breeding population size of the south polar skua (Stercorarius maccormicki) on all islands of the
Haswell Archipelago (A), on Haswell Island (B), and on the small islands of the Haswell Archipelago (C) from 19561957
to 2012-2013. References: Korotkevich (1959), Pryor (1968), Kamenev (1968), Starck (1980), Mizin & Chernov (2000),
Dorofeev (2011), Mizin (2015), S.V. Golubev (unpublished data).

The spatial distribution of breeding skua
pairs and nest density on Haswell Island varied
over the study period (Fig. 2, Fig. 3). Due to
the small number of breeding pairs (< 26 pairs),
skuas tended to breed in the northern part of
Haswell Island (Fig. 3B,C) or in its centre (Fig.
3D). Against this background, nest density could
be either low (Fig. 3C,D) or relatively high (Fig.
2A, Fig. 3A,E). At the relatively high number (>
50 pairs), skuas nested from 2/3 (Fig. 2A) to the
entire area of Haswell island (Fig. 3A,E). Nest
placement could be relatively uniform (Fig. 3E)
and locally dense (Fig. 2A, Fig. 3A). Nest den-
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sity varied over the study period from 18.2 nests/
km? to 92.6 nests/km?, with an average of 28
nests’km? (n = 8). In general, the spatial distri-
bution of active skua nests appears to be driven
by environmental conditions at the beginning of
a particular breeding season.

In the 2012-2013 breeding season, the
distance between the nearest skua nests on
Haswell Island (mean £ SE (min—max)) was
105.9 £ 9.9 m (7.0-352.2 m), with a median at
84.2 m (n = 60). The distance between mixed
pairs was 413 m (n = 1). On Haswell Island, the
nesting density of the south polar skua (exclud-
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ing active nests of two mixed pairs) was 87.8
nests/km?. Nests were placed on the inner sur-
face of rocks. In the 2012-2013 breeding season,
the distance from the skua nests to the nearest
border of Haswell Island (mean £ SE (min—
max)) was 118.0 £ 10.6 m (18-359 m) (n = 61).
The distance for two nests of mixed pairs was
180 m and 78 m.

Skuas used the entire range of altitudes of
Haswell Island surface to accommodate their
nests. On small islands of the Haswell Archipel-
ago, altitudes of the skua nest position (Table 2)
were more than three times lower than on Has-
well Island.

Compared to Haswell Island, the low location
of skua nests on small islands was observed only
as a result of their low altitude values. On Has-
well Island, the vertical distribution of south polar
skua nests follows a normal distribution (Fig. 5).

In December 2012, full clutches of the south
polar skua contained one (n = 8) or two (n = 64)
eggs. In nests of mixed pairs, two chicks (n = 1)
and two eggs (n = 1) were found. The egg size
(length x width) of the skua was 73.2 + 2.7 mm
(65.0-81.2 mm) x 51.3 4+ 1.2 mm (48.0-55.1 mm)
(n=128). In the two nests of mixed pairs, the egg
size was 74.1 x 52.6 mm, and 74.1 x 51.8 mm.
The nest size of the south polar skua (n = 68)
was 243.6 £ 195 mm (190-290 mm) X
261.4 £ 112.7 mm (230-340 mm). The nest size
of one mixed pair (n = 1) was 280 x 290 mm.

Discussion

Skua population dynamics have been moni-
tored on the Haswell Archipelago, a part of East
Antarctica. Here warming or cooling conditions
were relatively stable between 1956 and 2018,
and no widespread cooling was observed at East
Antarctic stations in recent decades (Turner et
al., 2019). The results of the research established

that the number of the south polar skuas changed
regardless of changes in the number of their most
abundant prey. However, early cleaning of the
coastal water area from fast ice (for example, in
December), where south polar skuas feed on sea
ice with frozen eggs and chicks of Aptenodytes
forsteri at the beginning of the breeding season,
could negatively affect the state of the skua pop-
ulation. At the same time, during the seasons of
decrease in number of skua individuals (namely
1962-1963, 1966-1967, 1978-1979), pheno-
logical data on the destruction of fast ice were
not recorded by researchers, but were suitable
in the 1999-2000 breeding season (Antipov &
Molchanov, 2022). Then the size of the breeding
population reached a historical minimum of 18
breeding pairs.

During long-term monitoring, the mass
mortality of adult skuas on the Haswell Archi-
pelago has not been established (Korotkevich,
1959; Pryor, 1968; Kamenev, 1968; Starck,
1980; Mizin, 2015; Golubev, 2018), as well as
the mortality of young and adult birds during the
marine stage of the annual cycle (migration and
wintering). Mortality of adults during the breed-
ing season is very low (usually one or two adults
were recorded).

20 4

15 16

10
5 I 3
] 2
1 I 1

8
10 20 30 40 50 60 70 80 90 100
Altitude (m a.s.l.)

—_
W
1

._.
(=)

Number of nests
W

(=]

Fig. 5. Altitude distribution of south polar skua (Stercorar-
ius maccormicki) nests on the Haswell Island in the 2012—
2013 breeding season.

Table 2. Nesting altitude (m a.s.l.) of the south polar skua (Stercorarius maccormicki) and mixed pairs (Stercorarius
maccormicki with S. antarctica lonnbergi or possibly hybrid individuals between these species) on the Haswell Islands at

2012-2013 breeding season

Islands | m SE | min | max | n
Stercorarius maccormicki
Haswell 49.9 2 6 93 61
Small islands 133 2.8 4 30 11
Total 443 2.3 4 93 72
Mixed pairs
Haswell 48.5 0 43 54 2

Note: m — average value, SE — standard error, min — minimum value, max — maximum value, n — number of nests.
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At the same time, brood (eggs and chicks)
mortality was relatively high. For example, by
05.01.1963, it was 55%, of which egg losses
accounted for about 68% (Pryor, 1968), and by
07.01.1967, the survival of chicks was 45% of
the total number of laid eggs (Kamenev, 1968).
During the study period, the reproductive suc-
cess (the ratio of the number of fledged young
birds capable of flying to the total number of eggs
laid) of the skua has not been studied. However,
sibling aggression of chicks and local weather
conditions (increased winds, heavy precipitation
and sharp changes in the surface temperature) of
a particular breeding season could influence the
breeding success of the skua, which could have
a delayed effect on the long-term dynamics of
their breeding population.

Partial loss and habitat modification (Pry-
or, 1965; Propp, 1968; Golubev, 2021), direct
persecution of the skua in the Mirny Station
(Propp, 1968), bird hunting, collection of eggs
and chicks for scientific purposes (Yudin, 1958;
Korotkevich, 1959; Makushok, 1959; Kirpich-
nikov, 1965; Syroechkovsky, 1966) negatively
affected the skua population. Long-term use of
food waste from the Mirny Station for decades
(Starck, 1980; Mizin, 2015; Golubev, 2018)
could positively influence the maintenance of the
skua population. However, food waste is used
primarily by non-breeding individuals. Thus, the
human activity has influenced the breeding skua
population over the study period. Nevertheless,
this influence has not been quantified.

Conclusions

Our study completes the general picture of
the knowledge state on long-term trends in the
skua abundance in Antarctica and the reasons that
may affect the annual changes in the skua abun-
dance. Considerable gaps in the measurement of
abundance, breeding success and the impact of
human activities on the skua population over the
study period have induced difficulties in interpret-
ing the existing data set. In general, reasons for
changes in the skua abundance on the Haswell
Islands remain highly unclear. Greater clarity in
understanding of the interactions between avian
predators and their prey against the backdrop of a
changing climate could facilitate the adoption of
adequate measures to conserve the overall abun-
dance of life on the Haswell Islands, if necessary.

Dynamic interactions of ecological vari-
ables limit the possibility of reliable identifi-
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cation of the causes determining trends in the
number of individuals in skua populations and
do not allow us making a clear distinction be-
tween the influences of certain factors. The dif-
ficulty in interpreting the results is related to
the close interweaving of environmental fac-
tors, their synergistic effect, the influence of
human activities, and the poor knowledge on
the skua existence during the marine period of
their annual cycle. Sometimes it is easier to ex-
plain the causes of changes by anthropogenic
factors than by natural factors, and even more
so by their combined interaction.

Progress in trend studies can be made if the
results of long-term monitoring of south polar
skua populations in Antarctica are considered and
interpreted along with detailed studies and in-
volving as many aspects as possible related to the
life of the skua and their interactions with the en-
vironment they inhabit. It is likely that in the near
future, the results of analysis of long-term moni-
toring of those (ideal) skua populations, which
breeding sites are remote and free from human
activity, but well documented for decades, will be
of increasing value. Of particular scientific inter-
est should be the breeding skua populations in the
inland hard-to-reach parts of Antarctica. At such
places their interactions with the environment are
perhaps simpler and more straightforward than
on the coast of the mainland and islands, where
predator-prey interactions remain virgin, as in
the prehistoric era. An undoubted continuation
of monitoring and an increase in the number of
publications of updated trends of local skua pop-
ulations can be expected from sites with a long
history where the human population density in
Antarctica is relatively high.
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MHOI'OJIETHUE UBMEHEHUA YUCJIEHHOCTHU U TPOCTPAHCTBEHHOI'O
PACITPEAEJEHUA STERCORARIUS MACCORMICKI (STERCORARIIDAE,
CHARADRIIFORMES) OCTPOBOB XACYJJLJI, BOCTOYHASA AHTAPKTUIA

C. B. I'oary6es"""/, E. C. I'osryoeB?

Unemumym 6uonozuu enympennux 600 umenu H.J[. [lananuna PAH, Poccus
Upocnasckuil 2ocydapcemeennotil ynusepcumem umenu ILT [Jemuoosa, Poccus
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Jlonrocpo4HbIe HCCleIOBaHNS HMEIOT PEIatolee 3HaYeHHE B SKOJIOTHH, OLICHKE H3MEHEHHH OKpY KaloIeH cpe-
II61, YTIPAaBJICHUHU MIPUPOIHBIMHU PECypcaMy M COXpaHeHHH Omopa3HooOpasus. Stercorarius maccormicki (manee
F0)KHO-TIOJSIPHBIN TIOMOPHUK WMJIM TIOMOPHHUK) — XHUIIHHUK, KOTOPBIH MOXET yrpoXKaTh MOMYJSIHIM MTHI[ U3 OT-
psanoB Sphenisciformes u Procellariiformes. Bo MHOTHX perroHax AHTapKTHKH TPEHIBI YUCICHHOCTH I0KHO-TIO0-
JISIPHOTO TTOMOPHHUKA HEU3BECTHBI WIIM HE OOHOBISUINCH. DTO MCCIIEJOBAHUE TIPEJCTABIIET MOMBITKY OTBETA HA
BOIIPOC, KaK pearnpoBasa JOKaJIbHasl TOIMYISIHS I0KHO-TIOJSIPHBIX TIOMOPHHUKOB Ha M3MEHEHHS YCIIOBHH OKpY-
XKaIOoIIeH cpesibl B TeUCHNE HCTOPHUECKOTo Neprona? 3agadaMu uccinegoBanus 0puto (1) ycTaHOBUTH JUHAMUKY
YHCJIEHHOCTH Pa3MHOXKAIOIIEHCS! MOMYIISAINN F0’KHO-TIOIAPHBIX TOMOPHUKOB Xacy3JIbCKUX OCTPOBOB, OCTPOBA
XacysJT M MEJIKUX OCTPOBOB apxuienara XacysJul B Te4eHHe ucropuueckoro nepuona (19562013 rr) u (2)
TMIOTIBITAThCSl OOBSICHUTH NPUYMHBI MOMYJISIIMOHHBIX U3MEHEHUH. BTOpOCTENIeHHBII HCClieoBaTebCKU BOIPOC
ObUI, IMEJIUCH JIK I3MEHEHHS IPOCTPAHCTBEHHOTO PACIIPEAEIICHHS Pa3MHOKAIOIIEHCS OMYJISILIMK FOXKHO-TIOJISIP-
HOTO TOMOPHHKA Ha OCTPOBAX apXumesara XacysJul B Te4UeHHE HCToprUecKoro neprona? MccnenoBanus mpoBo-
JWIIMCH HAa OCTPOBax apxurenara Xacyau (Mope JleiiBuca, 3ammB TpenmHnkosa, FOxkHBIN okeaH) y moOepexbs
AmnTapktuas! (3emist KoponeBs Mapn), B OCHOBHOM Ha TEPPUTOPHU 0COO0 OXPaHIEMOTO paiioHa AHTAPKTHKH
Nel27 «OctpoB Xacyami ¢ mpuiIerarone K HeMy KOJIOHHEeH MMITepaTOpCKUX MMHTBMHOB Ha mpumnaey». Hazem-
HBII y4eT ObUI OCHOBHBIM METOJOM OIPEACICHHs pa3Mepa NMTHYbUX KOJOHUH. HOKHO-TOJSIpHBIE TOMOPHHUKH
pasMHOXKaJIMCh Ha 3-8 ocTpoBax apxumenara Xacyami. OHM HCIOJIb30BaJIM BECh JUANA30H BBICOT CYIIN IS
pa3MeneHus THe3/1. B ncropryeckuii nepros] oMy SIS 10’KHO-TIOISIPHBIX TIOMOPHUKOB apXuresara XacyaJ
TIpeTepIieBaga N3MEHEHUS B YCIOBUSIX pa3MHOeHHs. CHIDKCHHE YHCIEHHOCTH ocobelt (-52%) Habmonanochk
MEXIy Ce30HaMH pasMHOKeHHs 1956—1957 rr. 1 1966—-1967 rr. Mexxay cezoHaMu pasMHOkeHHs 1966—1967 T u
1999-2000 rT. 4KCcIIeHHOCTh 0COOEH B MOMYIISIIIMU cOKpaTuiach Ha 30.7% u TOCTHINIA HCTOPHIECKOTO MUHUMYMa
(18 pasmuoxkaroruxcs nap). Poct momynsinuu Ha 344.4% Obu1 3aUKCHPOBAaH MEXKIY CE30HAMU Pa3MHOKCHUS
1999-2000 rr. 1 2009-2010 rr., yBenuuuBmuch Ha 33.8% U TOCTUTHYB UCTOPUYECKOrO MakcuMyMma (83 mapsl) B
ce30H pasmHoxkeHus: 2010-2011 rr. K ce3ony pasmuoxenus 2012-2013 rr. nonmymsius cokpatunack Ha 13.2%.
Ha ocrtpose Xacyamn Mexay cesoHamu pasMHOKeHHs 1956—1957 rr. m 2012-2013 rr. Habmroganock n3MEHEHHE
YHCIIEHHOCTH 0CO0€H I0/KHO-TIOISIPHOTO TOMOPHHKA, aHAJIOTHYHOE M3MEHEHHIO 00IIIeil YMCIIEHHOCTH Pa3MHOXKa-
IOIUXCS 0CO0eH MX TOMYJISAINK Ha apXunesnare XacydJul B yKa3aHHBIN BBIIIE MeproA. PasMHOXKaromasics momy-
JISILUS FOXKHO-TIONISIPHOTO TIOMOPHHKA OCTPOBA XacydJll BHOCHT OCHOBHOM BKJIaJ] B JOJTOBPEMEHHYIO TUHAMHKY
YHCJIEHHOCTH 0co0eii Buyia. Ha Manbix ocTpoBax apxwurenara XacyaJul YUCICHHOCTh Pa3MHOXKAIOIIMXCS FOXKHO-
TIOJISIPHBIX TIOMOPHHKOB Pe3Ko cokparmiiach (-80%) Mexy ce3oHamu pasMHOxeHHs 1956-1957 rr. u 1962—1963
rT. Ce3oHbI pasMHOXKeHHS 1962—-1963 1T, 1966—1967 1T 11 1999-2000 TT. XapaKTepr30BaINCh HANOOIeE HU3KUMH
MTOKA3aTeIsIMHA YUCIICHHOCTH 0cobeit. B cezonbl pazmuokerns ¢ 1999-2000 rr. mo 2009—2010 rr. 9ncieHHOCTh
ocobeit momopHuka yBenuumiach Ha 400%. YMeHbIleHHe YucieHHoCcTH ocobelt B momymsuuu (-41.6%) mnpo-
uzornuio B nepuon ¢ 2009-2010 rr. mo 2010-2011 rr. 3aTem mociea0BaIo yBeIndeHUe YHUCICHHOCTH ocobeit (Ha
36.3%) x ce3ony pasmMHoxeHust 2012-2013 rr. Ha mainbix octpoBax apxurienara XacyaJul YUCIEHHOCTh 0CO0ei
ITOMOPHHKA MEHSIACh HE3aBUCHMO OT M3MEHEHUsI YMCIEHHOCTH 0co0el TIOMOpHIKA Ha 0CTpoBe Xacyaiul (TecTt
Manna-Yutan U = 48.5, p = 0.002 (acummtoTrdeckas (2-cTopoHHsIs))). B TedueHne ncTopmdeckoro nepuoaa ms-
MEHEHHE YHUCIEHHOCTH 0co0eil MOMOpHMKA apxuIenara XacyJul He 3aBHCENI0 OT M3MEHEHHUH CpeIHeCyTOYHOM
TeMIeparypsl HOSIOpS MEXIy ce30HamMu pasMHoxkeHus 1956—-1957 rr. m 2012-2013 . (U=0, p=0.0017,n="7
(acummnroruueckas (2-CTOPOHHSIS))), KOTIa Y HUX MPOUCXOAMIA KiIaKa Ul U ux 00orpeB. UnciaeHHOCTh 0cooei
I0)KHO-TIOJSIPHOTO TIOMOPHHUKA B TEUEHHE N3yYaeMOT0 IepHojia M3MEHSIaCh HE3aBUCHMO OT M3MEHEHHH YHCIICH-
HOCTH 0co0el MX KOPMOBBIX PECypcoB, Aptenodytes forsteri, Pygoscelis adeliae n Fulmarus glacialoides (co-
otBercTBeHHO, U =49, p = 0.0006, n =7; U= 16, p=0.029, n =4; U = 16, p = 0.029, n = 4 (acuMIIToTHYCCKAS
(2-croponnsisa))). OTHOCHTENBEHO BBICOKAs TWOENH SIMIl U MTEHIIOB B KOHKPETHBIN CE30H Pa3MHOKEHHUS MOTIH
BJIMSITh HA U3MEHEHUS YUCICHHOCTH 0C00eil B monmyssinyy oMopHrka. CHOIMHIOBasi arpeccust NTEHIIOB U JIO-
KaJIbHbIE METEOYCIIOBUsI (YCHIICHHE BETpa, OOMIbHBIC OCAJIKU U PE3KUE TIeperna/ibl IOBEPXHOCTHBIX TEMIIEPaTyp)
KOHKPETHOTO CE30Ha Pa3MHOXKEHUsSI TAK)KE MOTIIN BIIUSITH Ha YCIIEX Pa3MHOXKEHHSI TOMOPHHUKOB, YTO OTJIOKEHHBIM
3¢ dexToM MOTIIO OTpaskaThcs Ha JTOATOBPEMEHHOM AMHAMUKE X Pa3MHOMKArOLIEHCs HOMy/SIIUH. JlesTebHOCT
YeJOBEeKa BIIMSUIA Ha TOMYISIMIO IIOMOPHHUKA, HO HE HCCIIE0BAIACH KOIMYECTBEHHO. [IpHYMHBI HCTOPHYIECKUX
M3MEHEHUH OOMINS Pa3MHOXKAIOMINXCSI 0COOEH B MOMYISIAHN I0’KHO-TIOISIPHOTO TIOMOPHHKA apXurenara Xacy-
9JUT OCTAIOTCS BO MHOTOM HE SICHBIMH.

KuroueBble c10Ba: [1eATENBHOCTh Y€JI0BEKa, MOHUTOPHHI, OXpaHa, TeHJCHLUS, TPEHl, YUCICHHOCTb, F0XKHO-
TIOJISIPHBIH TIOMOPHHK

83


https://orcid.org/0000-0003-4306-9190

Nature Conservation Research. 3anoseonasn nayxa 2024. 9(1): 84-95

IS THE GBIF APPROPRIATE FOR USE AS INPUT IN MODELS OF PREDICTING

SPECIES DISTRIBUTIONS? STUDY FROM THE CZECH REPUBLIC

Zuzana Stipkova''”, Spyros Tsiftsis?", Pavel Kindlmann'?

'Global Change Research Institute, Czech Republic
e-mail: zaza.zuza@seznam.cz
*International Hellenic University, Greece
e-mail: stsiftsis@for.ihu.gr
3Charles University, Czech Republic
e-mail: pavel kindlmann@centrum.cz

Received: 02.11.2023. Revised: 09.02.2024. Accepted: 15.02.2024.

Questions concerning species diversity have attracted ecologists and biogeographers for over a century,
mainly because the diversity of life on Earth is in rapid decline, which is expected to continue in the future.
One of the most important current database on species distribution data is the Global Biodiversity Informa-
tion Facility (GBIF), which contains more than 2 billion occurrences for all organisms, and this number
is continuously increasing with the addition of new data and by combining with other applications. Such
data also exist in several national databases, most of which are unfortunately often not freely available
and not included in GBIF. We suspected that the national databases, mostly professionally maintained by
governmental organisations, may be more comprehensive than GBIF, which is not centrally organised and
therefore the national databases may give more accurate predictions than GBIF. To test our assumptions,
we have compared: (i) the amount of data included in the Czech database called Nalezova databaze ochrany
ptirody (NDOP, Discovery database of nature protection) with the amount of data in GBIF after its restric-
tion to the Czech Republic, and (ii) the overlap of the predictions of species distributions for the Czech
Republic, based on these two databases. We have used the family Orchidaceae as a model group. We found
that: (i) there is a significantly larger number of records per studied region (Czech Republic) in NDOP,
compared with GBIF, and (ii) the predictions of Maxent based on orchid records in NDOP are overlapping
to a great degree with the predictions based on data based on orchid records in GBIF. Bearing in mind these
results, we suggest that if only one database is available for the region studied, we must use this one. If
more databases are available for the region studied, we should use the database containing most locations
(usually some of the local ones, like NDOP), because using more locations implies larger significance of
predictions of species distributions.

Key words: databases, Global Biodiversity Information Facility, NDOP, orchid distribution, species dis-
tribution models
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Introduction

Questions concerning species diversity
have attracted ecologists and biogeographers
for over a century, mainly because the diversity
of life on Earth is in rapid decline (Spooner et
al., 2018; Baker et al., 2019; Halley & Pimm,
2023), which is expected to continue in the
future (Romén-Palacios & Wiens, 2020). For a
reliable analysis of the rules governing the trends
in species diversity, good data are necessary. To
get them, direct sampling in the field, but also
data available in museums and herbaria, which
contain samples collected over centuries of
field exploration (Smith & Blagoderov, 2012)
are used. Mass digitalisation of all these data
via interactive digital databases is now leading
to their massive public availability (Maldonado
et al., 2015) and to analyses using new
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computational methods and bioinformatic tools
(Soberén & Peterson, 2004; Newbold, 2010).
Currently, one of the most important data-
bases on species distribution data is the Global
Biodiversity Information Facility (GBIF) (e.g.
Beck et al., 2014; Maldonado et al., 2015; Cha-
din et al., 2017; Guedes et al., 2018; Alhajeri &
Fourcade, 2019; Moudry & Devillers, 2020; De
Araujo et al., 2022), which contains currently
more than 2 billion occurrences for all organ-
isms, and this number is continuously increas-
ing with the addition of new data and by com-
bining with other applications (e.g. iNaturalist.
org). Similar kind of data also exists in some
national databases, such as the Czech data-
base called Nalezova databaze ochrany pfirody
(NDOP, Discovery database of nature protec-
tion; see https://portal.nature.cz/nd/), most of
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which are unfortunately often not freely avail-
able and not included in the GBIF.

Thanks to the availability of powerful
computersand advanced software, the occurrence
and distribution of threatened species is now
determined by species distribution models
(SDMs) in combination with GIS techniques,
which use the above-mentioned databases of
species occurrence records and environmental
data on climate, land use, geological substrate
and other parameters as inputs (e.g. Guisan &
Thuiller, 2005; Elith & Leathwick, 2009; Jiang
& Purvis, 2023). Based on these, numerous
papers have been published on current and
future potential distributions of many species,
and their range shifts under various climate
change scenarios (e.g. Kistner & Hatfield, 2018,;
Weterings & Vetter, 2018; Tsiftsis & Djordjevic,
2020; Namkhan et al., 2022; Arotolu et al.,
2023). Many of them have used GBIF as input
(e.g. Salva-Catarineu et al., 2021; Daba et al.,
2023; Krapf, 2023; Mallen-Cooper et al., 2023).

We have used the family Orchidaceae as a
model group. Orchidaceae have a great species
richness with about 20 000-35 000 species
(Dressler, 1993; Chase et al., 2003; Cribb et al.,
2003; Christenhusz & Byng, 2016). They are
heavily threatened by extinction, and dispose
of many varieties of reproductive strategies
(Steffelova et al., 2023) and have an extremely
restricted distribution with relatively small
populations (Svecova et al., 2023). These traits
make orchids an ideal model group because they
are (1) important in conservation biology (Pillon
& Chase, 2007; Swarts & Dixon, 2009) and (ii)
crucial for their distribution and conservation
status (Zhang et al., 2015).

We suspected that on the local scale the
national databases, mostly professionally
maintained by governmental organisations, may
be more comprehensive than GBIF, managed
by the GBIF Secretariat including four groups,
so it is not centrally organised and therefore
the national databases may give more accurate
predictions than GBIF. To our knowledge,
no study was yet published comparing the
outcomes of any SDM method by using data
from GBIF with those using any other national
database. To test our expectations, we have
compared (i) the amount of data included in
the Czech database NDOP with the amount of
data in GBIF, when it is restricted to the Czech
Republic, and (ii) the overlap of the predictions
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of species distributions for the Czech Republic
based on these two databases.

Material and Methods

The Czech Republic was chosen as a model
country because its orchid flora is very well
studied (Stipkova et al., 2021). It is covered
mainly by highlands of moderate altitude
and higher mountains occur at its borders,
especially in the north and south. The climate
of the Czech Republic is typically temperate
with cold, cloudy winters and hot summers.
However, there are some regional and local
differences due to the relief that forms a complex
topography in this area (Palacky University
Olomouc, 2020). Because the Czech Republic is
a relatively small country in terms of latitudinal
range, temperature and precipitation are mostly
affected by local heterogeneity and altitude
(Stipkova et al., 2020b).

Two databases were compared: (i) one of
the most important current database on species
distribution data, the Global Biodiversity
Information Facility (GBIF), which is freely
accessible on https://www.gbif.org/ and (i1) the
database NDOP (https://portal.nature.cz/nd/) of
the Nature Conservation Agency of the Czech
Republic, which is unavailable to the public to
preserve orchid localities in the country. We
used 55 orchid taxa. Their classification and
nomenclature follow Danihelka et al. (2012). All
studied species are threatened and protected on
the national level and included on the national
Red List (Grulich & Chobot, 2017).

NDOP was chosen because we have enough
experience with it. Previously, Stipkova &
Kindlmann (2015), Stipkova et al. (2018, 2020a)
worked on the revision of orchid records in 24
mapping squares (see the network of mapping
squares used for these purposes on https://
www.entospol.cz/sit-mapovych-ctvercu/) in
South Bohemia based on NDOP. More than
82% of records included in these squares
were confirmed in NDOP, when revised. It
was therefore supposed that records included
in NDOP would be similarly correct for the
whole Czech Republic with a small number
of errors. Thus, we considered the NDOP to
be sufficiently reliable for the purpose of this
study. Nature Conservation Agency is divided
into many regional branches across the whole
area of the Czech Republic and each branch
manages a certain area of the country. All data
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from the regional branches are then centralised
in one database that guarantees uniformity of
the database records. Moreover, NDOP allows
their users to easily provide feedback on specific
records, whereas GBIF does not.

We used Maxent (Phillips et al., 2006;
Phillips & Dudik, 2008; Elith et al., 2011) to
predict the current potential distribution of
orchid species in the Czech Republic. The
maximum entropy algorithm in the Maxent
application (Phillips et al., 2006; Phillips &
Dudik, 2008; Elith et al., 2011) is used for
modelling species distribution from presence-
only species records (Elith et al., 2011). This
approach is widely used for predicting current
as well as future distributions of species from
a set of occurrence records and environmental
variables (Yi et al., 2016; Tsiftsis & Djordjevi¢,
2020). A great advantage of this method is that
it has a high predictive performance even for
very small sample sizes (Hernandez et al., 2006;
Elith & Leathwick, 2009; David et al., 2020).

Bioclimatic variables and map of geological
substrates of the Czech Republic were used as en-
vironmental predictors in the SDMs. Initially, 21
environmental variables were selected as predic-
tors. Nineteen of them were bioclimatic variables
and the remaining two were altitude and geo-
logical substrate. The bioclimatic variables were
obtained from the WorldClim database (Fick &
Hijmans, 2017) in a 30-sec resolution (approxi-
mately 1 km?). The map of geological substrate
was obtained from the geological map of the
Czech Republic based on the digital geological
map 1:500 000 (Czech Geological Survey, 1998).
Because the map of the geological substrate is in
vector format, the layer was converted into a ras-
ter format at the same resolution and extent with
the layers of the bioclimatic variables.

To account for multicollinearity between the
19 bioclimatic variables and avoid overfitting,
Pearson correlation coefficients were calculated
for all pairwise interactions. To eliminate
highly correlated variables, only one (i.e. the
one with the higher percent contribution and
training gain) was selected among any pair
of those with a correlation coefficient » in the
range |r| > 0.70. Specifically, in modelling the
potential distribution of the studied species, the
non-highly intercorrelated bioclimatic variables
were used BIO 01 (annual mean temperature),
BIO 02 (mean diurnal temperature range),
BIO 05 (maximal temperature of warmest
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month), BIO 09 (mean temperature of driest
quarter), BIO 12 (annual precipitation), and
BIO 15 (precipitation seasonality). In addition,
the altitude and the geological substrate were
also used. The geological map of the Czech
Republic contains the only categorial variable
used in the models, but we treated all geological
categories as dummy variables.

For both databases (NDOP and GBIF), we
removed duplicate records (records falling in
the same 1 km? grid cell), and we ran Maxent
models only for species having at least 12
records in both databases. For each orchid
species and database used, ten models were run.
At each run, species records were randomly
divided into training and testing datasets using
the ratio between 80% and 20%, and we used
10 000 background samples to characterise the
environmental conditions of the area of interest.
Based on the output of the ten replicates, we
calculated the average prediction.

SDMs outputs are numerical predictions,
which provide a measure of the habitat suitability
in an area (for example, at a country level).
To convert these maps into presence/absence
(binary) maps, the Maximum Sensitivity plus
Specificity (MaxSSS) threshold was applied for
each orchid species and database. This threshold
was selected, as it provides better results than
other thresholds, independently of the data used
either presence/absence or presence-only data
(Liu et al., 2016).

A niche equivalency test was used that
shows Schoener’s D and Hellinger Distances
I of niche overlap (Warren et al., 2008). These
statistics use suitability scores and have been
widely used previously (e.g. Nunes & Pearson,
2017; Martinez-Méndez et al., 2019). Both
these variables (D and /) measure niche overlap
using different calculations, and their values
range from 0 (no overlap between the two
distributions) to 1 (identical distributions).
Only D statistic was used for comparisons of
percentage niche overlap of orchid occurrence
data using Maxent model, as it is widely used
in pairwise comparisons (e.g. El-Gabbas &
Dormann, 2018; Chevalier et al., 2022).

To examine, whether there are significant
differences inthe mean altitude of the distribution
of each of the studied species, we extracted
the altitude values of the grid cells where each
orchid is potentially present after converting
the habitat suitability values into presence/
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absence data. Thus, we compared the altitudinal
values of the species distributions between the
predictions of the two different datasets used in
Maxent by using the Mann-Whitney U test in
Rv.4.1.2 (R Core Team, 2023).

Results
In total, 31 orchid taxa had more than 12 re-
cords in both databases after removing the du-
plicates (Table 1). The number of orchid records
included in GBIF and NDOP differed to a great
degree, when compared in the region of the whole

Czech Republic (Fig. 1). Initially, GBIF data-
base contained 4328 of orchid records, NDOP
contained 105 810 orchid records. The number
of grid cell records analysed here, i.e. those con-
taining enough records, after the reduction for
duplicates etc., ranged from 61 (Neotinea triden-
tata (Scop.) R. M. Bateman, Pridgeon & M. W.
Chase) to 13 636 records (Dactylorhiza majalis
(Rchb.) P. F. Hunt & Summerh.) in the NDOP
database, and from 13 (Gymnadenia densiflora
(Wahlenb.) A. Dietr.) to 384 (Neottia ovata (L.)
R. Br.) records in the GBIF database (Table 1).

Table 1. Species records used in Maxent and D statistics showing the niche overlap between the predictions of the two data-
bases considered of 31 orchid taxa of the Czech Republic using Maxent

Species Number of species records Maxent
NDOP GBIF D statistics
Anacamptis morio (L.) R.M.Bateman, Pridgeon & M.W.Chase 927 115 0.790
Anacamptis pyramidalis (L.) Rich. 238 63 0.625
Cephalanthera damasonium (Mill.) Druce 3631 322 0.860
Cephalanthera longifolia (L.) Fritsch 1493 244 0.813
Cephalanthera rubra (L.) Rich. 542 48 0.698
Cypripedium calceolus L. 576 95 0.692
Dactylorhiza fuchsii (Druce) So6 4912 143 0.754
Dactylorhiza incarnata (L.) Sod 397 51 0.667
Dactylorhiza maculata (L.) Soo 346 32 0.711
Dactylorhiza majalis (Rchb.) P.F.Hunt & Summerh. 13 636 233 0.867
Dactylorhiza sambucina (L.) So6 1150 92 0.751
Epipactis atrorubens (Hoffm.) Besser 643 85 0.700
Epipactis helleborine (L.) Crantz 7109 259 0.866
Epipactis palustris (L.) Crantz 1363 91 0.775
Gymnadenia conopsea (L.) R.Br. 2254 76 0.765
Gymnadenia densiflora (Wahlenb.) A Dietr. 306 13 0.549
Neotinea tridentata (Scop.) R.M.Bateman, Pridgeon & M.W.Chase 61 19 0.455
Neotinea ustulata (L.) R.M.Bateman, Pridgeon & M.W.Chase 1082 70 0.813
Neottia cordata (L.) Rich. 369 22 0.749
Neottia nidus-avis (L.) Rich. 4867 272 0.848
Neottia ovata (L.) Hartm. 5121 384 0.867
Ophrys apifera Huds. 99 31 0.533
Ophrys insectifera L. 121 30 0.501
Orchis mascula (L.) L. 3845 83 0.737
Orchis militaris L. 709 135 0.796
Orchis pallens L. 598 163 0.779
Orchis purpurea Huds. 478 349 0.765
Platanthera bifolia (L.) Rich. 6104 255 0.837
Platanthera chlorantha (Custer) Rchb. 2113 37 0.815
Spiranthes spiralis (L.) Chevall. 232 16 0.729
Traunsteinera globosa (L.) Rchb. 619 42 0.609
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Fig. 1. Boxplot showing the number of orchid records (after
removing duplicate records) in both databases (NDOP and

GBIF) in the Czech Republic.

The values of the D statistics indicating the degree
of niche overlap are presented in Table 1. The lowest
niche overlap was observed in Neotinea tridentata (D

value is 0.455), whereas the highest niche overlap was
found in Dactylorhiza majalis and Neottia ovata (D
value of both is 0.867). Most species showed a per-
centage overlap between 70% and 80%, but no spe-
cies reached a percentage overlap between 90% and
100% (Fig. 2). Habitat suitability maps for each spe-
cies based on data from the GBIF database and NDOP
database are presented in Electronic Supplement 1.
They show that GBIF often (but not always!) makes
similar predictions to those made by NDOP.

The Mann-Whitney U test revealed significant
altitudinal differences between data predictions from
the NDOP and GBIF databases after Maxent had
been applied (Table 2). Almost all data predictions of
NDOP were significantly different from those of the
GBIF database (p < 0.001). Only for Spiranthes spi-
ralis (L.) Chevall. the p-value was lower (p < 0.05).
The differences were not statistically significant only
for two species, namely Gymnadenia conopsea (L.)
R. Brown. and Traunsteinera globosa (L.) Rchb. The
predictions of the Maxent model revealed statistically
higher altitudinal distribution (in terms of the higher
mean altitude) for 20 out of 31 studied species.

Table 2. Comparison of data presented in the NDOP and GBIF databases after Maxent predictions using Mann-Whitney U

test in the Czech Republic

Number of presence | Altitudinal statistics of the presence | Altitudinal statistics of the presence | Mann-Whitney U
. grid cells after Maxent | grid cells obtained through Maxent | grid cells obtained through Maxent |test between data of
Species predictions model using NDOP data model using GBIF data NDOP and GBIF
NDOP GBIF Min | Max | Mean SD Min Max | Mean SD
Anacamptis morio 15 867 30444 | 183 866 | 447.01 124.68 187 699 | 397.17 | 88.95 *K
Anacamptis pyramidalis 10 383 7460 162 841 | 423.56 128.64 162 656 | 376.06 | 86.39 ok
Cephalanthera damasonium 37 059 46 600 86 671 356.33 94.41 131 598 | 323.52 | 84.06 *x
Cephalanthera longifolia 23313 26284 | 200 841 | 420.34 98.67 187 1359 | 403.30 | 105.56 *k
Cephalanthera rubra 21286 20 198 97 825 | 415.48 87.41 245 745 | 423.81 | 74.78 *k
Cypripedium calceolus 28 840 50398 | 180 | 690 | 370.70 91.64 51 577 | 298.18 | 77.66 *
Dactylorhiza fuchsii 20 551 15897 | 289 | 1524 | 721.20 186.47 157 1524 | 761.42 | 193.02 *k
Dactylorhiza incarnata 32281 27520 | 51 1007 | 302.94 123.37 51 1524 | 277.10 | 115.65 **
Dactylorhiza maculata 23 650 10966 | 223 | 1524 | 654.78 218.79 185 1524 | 806.85 | 212.42 *k
Dactylorhiza majalis 47016 36189 | 382 | 1402 | 638.53 142.23 157 1461 | 637.57 | 190.93 **
Dactylorhiza sambucina 6179 9341 271 982 | 528.45 147.00 296 1407 | 646.23 | 195.12 *k
Epipactis atrorubens 25 068 14465 | 177 | 1248 | 492.41 188.78 235 1524 | 718.49 | 232.75 *E
Epipactis helleborine 43931 24665 | 148 | 1461 | 517.68 205.98 235 1524 | 651.44 | 219.08 *k
Epipactis palustris 24 220 25905 | 159 | 1080 | 477.55 163.07 125 928 | 357.45 | 130.59 *K
Gymnadenia conopsea 16 199 8385 183 | 1524 | 604.26 221.12 125 1524 | 622.69 | 244.74 0.168
Gymnadenia densiflora 14 816 43087 | 125 | 1461 | 393.75 146.58 51 516 | 281.40 | 77.67 ok
Neotinea tridentata 19 116 35078 | 168 827 | 343.50 124.34 51 516 | 25834 | 72.80 *k
Neotinea ustulata 20 544 22946 | 51 729 | 410.17 105.60 51 656 | 364.54 | 104.50 ok
Neottia cordata 13 008 5154 288 | 1524 | 819.48 152.36 742 1524 | 953.35 | 131.51 *E
Neottia nidus-avis 30 649 31391 | 162 866 | 395.92 104.79 189 785 | 364.61 | 86.69 ok
Neottia ovata 35841 31233 | 125 | 1325 | 446.99 184.64 125 1325 | 386.59 | 182.54 *E
Ophrys apifera 13701 21397 | 162 | 671 | 343.17 105.90 134 545 | 274.90 | 86.71 ok
Ophrys insectifera 18 257 5340 51 906 | 361.74 175.65 51 863 | 299.98 | 96.65 *E
Orchis mascula 8705 8791 249 | 969 | 528.73 145.60 237 857 | 492.85 | 127.91 ok
Orchis militaris 11 695 12880 | 152 779 | 327.19 119.01 51 1524 | 304.25 | 124.16 *E
Orchis pallens 9638 12834 | 175 733 | 412.72 108.13 192 671 | 380.36 | 106.62 *k
Orchis purpurea 28 813 22 468 86 623 | 333.34 84.03 86 559 | 285.07 | 68.93 *K
Platanthera bifolia 44770 29432 | 189 | 1209 | 494.24 174.18 230 1461 | 553.56 | 217.43 *k
Platanthera chlorantha 35793 13703 | 162 | 1282 | 581.17 210.81 51 1524 | 740.47 | 270.59 *k
Spiranthes spiralis 32768 92074 | 122 | 1209 | 425.56 109.94 143 1133 | 420.58 | 143.28 *
Traunsteinera globosa 6289 3738 171 | 1461 | 537.32 185.68 171 952 | 521.89 | 142.36 0.182

Note: ** —p <0.001, * — p <0.05.
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Fig. 2. Percentage overlap between data from NDOP and

GBIF database using D statistic from Maxent application in
the Czech Republic.

Fig. 3 shows the importance of the environ-
mental variables when orchid records from NDOP
and GBIF are used in Maxent. The evaluation of
the importance of each environmental variable was
based on the jackknife test using each predictor
separately. The lengths of the bars correspond to
the percentage contribution of each environmental
predictor to the total training gain of each model.
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For example, in the line associated with Anacamp-
tis morio (L.) R. M. Bateman, Pridgeon & M. W.
Chase, when NDOP data are used, the longest bar
(the dark green one) is the mean diurnal temper-
ature range (BIO 02). This means that the most
important environmental variable for Anacamptis
morio, when NDOP data are used, is the mean diur-
nal temperature range (BIO 02). Another important
output of Fig. 3 is that the importance of variables
may vary to a great extent between various data-
bases used in the Maxent model. Specifically, for
Gymnadenia densiflora, the geological substrate
was the most important variable when data from
NDOP were used, whereas altitude was among
the less important ones. On the contrary, when the
GBIF data were used, the importance of altitude
was high, whereas that of the geological substrate
was not. Something similar was also observed in
the case of Spiranthes spiralis: when NDOP data
were used, variables had a rather equal importance
in the model, whereas when GBIF data were used,
precipitation seasonality (BIO 15) was by far the
most important variable compared to the others.
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Fig. 3. The importance of the variables when orchid records from NDOP and GBIF are used in Maxent in the Czech Republic. The
evaluation of the importance of each environmental variable was based on the jackknife test using each predictor separately. The
lengths of the bars correspond to the percentage contribution of each environmental predictor to the total training gain of each model.
Designation of the variables: ALT (altitude), GEO (geology), BIO 01 (annual mean temperature), BIO 02 (mean diurnal temperature
range), BIO 09 (mean temperature of driest quarter), BIO 12 (annual precipitation) and BIO 15 (precipitation seasonality).
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Differences in importance of the correspond-
ing variables for the 31 orchid taxa when NDOP
vs. GBIF data were used are documented in
scatterplots in Fig. 4. The importance of altitude
(ALT) and annual mean temperature (BIO 01)
was higher (points above the diagonal in Fig. 4)

when GBIF data were used, compared to the re-
sults of the NDOP data. On the contrary, when
the NDOP data were used, the importance of the
geological substrate for most orchid taxa was
much stronger than when GBIF data were used
(points below the diagonal in Fig. 4).
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Fig. 4. Scatterplots showing the importance of each environmental variable based on the jack-knife test using each predic-
tor separately in the case of the NDOP and GBIF database in the Czech Republic. Points above the main diagonal indicate
a higher importance of the corresponding variable, when GBIF data are used and vice versa. Designation of the variables:
A) ALT (altitude), B) BIO 01 (annual mean temperature), C) BIO 02 (mean diurnal temperature range), D) BIO 09 (mean
temperature of driest quarter), E) BIO 12 (annual precipitation), F) BIO 15 (precipitation seasonality) and G) GEO (geology).

Each dot represents an individual orchid species.
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Discussion

The central topic of this paper is the
comparison of accuracy of predictions based
on public databases like GBIF against the
governmentally controlled ones, like NDOP.
We must admit that there are some practical
advantages, when public databases, such as
GBIF, are used for saving time and money and
the uniformity of presented data that are ready to
use for many analyses (Maldonado et al., 2015).
However, how do the resulting predictions differ?
What are the problems, when predictions based
on records in the public databases like GBIF are
compared with predictions of governmentally
maintained ones, like NDOP?

First, our results show that there is a much
larger number of orchid records in the govern-
mentally maintained databases like NDOP than
in public ones like GBIF, when like with like
(i.e. records for the same region in both data-
bases) is compared. In our study, the number
of orchid records included in NDOP in the re-
gion specified at the beginning of the analysis
(Czech Republic in this case) was much higher
than that in GBIF (see Table 1). The reason for
this is the long-term and systematic collection of
data for NDOP from various parts of the Czech
Republic. This renders a great advantage to the
NDOP database for accuracy of predictions of
species distribution in the region selected. The
prevalence of records in the governmentally
maintained databases, as opposed to the public
ones, when like with like (the same region for
both databases) is considered is not a solitary
phenomenon of the Czech Republic. For exam-
ple, the same occurs, when Greece is consid-
ered: GBIF for Greece has about 25 000 records
(https://www.gbif.org/analytics/global), where-
as the national database owned by Dr. Spyros
Tsiftsis has more than 170 000 records (personal
communication). So, the prevalence of records
in the governmentally maintained databases, as
opposed to the public ones, when like with like
(the same region for both databases) is consid-
ered, seems to be a general phenomenon, if the
governmentally maintained databases are good.

Second, in public databases like GBIF, the
records are usually not as strictly controlled
for correctness as governmentally maintained
databases like NDOP. Questionable quality of
unverified datasets, mistakes in the taxonomic
identification of specimens or inaccurate
georeferencing are common traits of public
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databases (Maldonado et al., 2015). Scientists
and experts agree that a correct species name
should be a minimum requirement for including
the data in public databases, as well as an
accurate georeferencing (Marcer et al., 2022),
but this is not always the case. Mistakes in
taxonomic identification can often be corrected
by a taxonomist who has the possibility to access
the specimen personally or at least see its image
(Maldonado et al., 2015), and this is much
more common in governmentally maintained
databases like NDOP than in GBIF. A similar
situation is with the errors in georeferencing
(Graham et al., 2004).

Third, there is a common problem with re-
cords in public databases, like GBIF. Here, there
are data spatially biased in most cases, which
can greatly affect results of macroecological/bi-
ogeographical studies (Beck et al., 2014; Bowler
et al., 2022; Boyd et al., 2022).

All these problematic inaccuracies can (and
often will) affect results of studies dealing with
biodiversity patterns, environmental niches and/
or distribution predictions. Thus, information
from public databases, like GBIF, must be used
with caution due to important issues with data
quality mentioned in the previous three para-
graphs (Bowler et al., 2022; Boyd et al., 2022;
Marcer et al., 2022). Just one example: it is well
known that orchid distribution is strongly af-
fected by the geological substrate (Djordjevi¢
& Tsiftsis, 2022). This is obvious when NDOP
records, but not when the GBIF records are used
(see Fig. 4G).

Surprisingly, despite of what was said in the
four previous paragraphs, when two predictions
were made: one based on records contained in
NDOP and another one based on records con-
tained in GBIF, then these two predictions were
overlapping to a great degree in most cases (Ta-
ble 1; Fig. 2), and there were often only rather
small differences between them (Table 2; Fig.
4). Also, our results in Electronic Supplement 1
show that GBIF often (but not always!) makes
similar predictions as NDOP. This suggests that
GBIF may be used (with caution!) when no good
local database is available.

No matter of what was said above here in
the Discussion, there is one criterion that should
be used, if the mentioned above does not sug-
gest any preference for the use of public or gov-
ernmentally based database: it is well known in
statistics that the significance of the tests is posi-
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tively correlated with the amount of data used
in the test (Sokal & Rohlf, 2012). Therefore, the
database containing more locations in the region
considered should be preferred, because more
locations imply a larger significance of predic-
tions of species distribution.

Conclusions

Our analyses have shown that the predic-
tions of species distributions based on data of
orchid records from NDOP and GBIF databases
are overlapping to a great degree. NDOP allows
their users to easily provide feedback on specific
records, whereas GBIF does not. Problematic in-
accuracies might affect results of studies dealing
with biodiversity patterns, environmental niches
and/or distribution predictions, when based on
public databases like GBIF, which therefore
must be considered with caution. However, pub-
lic databases have advantages in saving time and
money in data collection and in uniformity of
these data. With respect to significance of tests
used, we suggest always using the database con-
taining more locations (NDOP in our case), be-
cause more locations imply larger significance
of predictions of species distributions.
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PACHIPEJEJEHUA BUJOB? UCCIAEJOBAHUE U3 YEHLICKOM PECITYBJIUKA

3. runkosa' >, C. Huduuc*'™, II. Knuaamauu'?

'Uccneoosamenvekuil uncmumym 2100anbHbIX usmenenu, dexus
e-mail: zaza.zuza@seznam.cz
*MedicoynapooHnwiil epeueckuil ynueepcumem, I peyus
e-mail: stsiftsis@for.ihu.gr
3Kapnos ynusepcumem, Yexus
e-mail: pavel kindlmann@centrum.cz

Bomnpocsl, kacaroniecst ©3y4eHus] BUAOBOTO pa3HOOOPasys, MPUBJICKAIOT BHUMAaHNE KOJIOTOB M OHoreorpa-
¢doB yxe Oosee cToaeTns, NIABHBIM 00pa3oM ITOTOMY, YTO pa3HOOOpa3ue HU3HHU Ha 3eMiie OBICTPO COKparia-
€TCsl, 4TO, KaK OXKHIACTCsI, IPOAOIDKUTCS U B OyynieM. Ha HacTosmunit MOMEHT OJHOM 13 Hanbosiee KPyImHBIX
6a3 maHHBIX 0 pacupocTpaHeHnu BUa0B sBisiercs Global Biodiversity Information Facility (GBIF), koropas
COIEPXKUT Oojiee 2 MWIIIMAPJIOB HAXOAOK BCEX OPraHU3MOB, M ATO YHCIIO MOCTOSHHO YBEIMYUBAETCS C JI0-
0aBJICHNEM HOBBIX JJAHHBIX U B COYETAHUH C APYTMMH MPUIOKECHUSIMH. Takue JJaHHbBIE TaKKe COAEpIKaTCs B
HAIMOHAJIBHBIX 0a3aX JaHHBIX, OOJBIINHCTBO M3 KOTOPHIX, K COXKAJICHHIO, YACTO HE HAXOIATCS B CBOOOIHOM
nocrynie U He accounupoBanbl ¢ GBIF. Mbl peanonoxuiy, 4To HallHOHAJIbHbIE 0a3bl TaHHBIX, B OCHOBHOM
Ipo¢heCCHOHANIBHO TOJICP’KUBACMBIE TPABUTEIbCTBEHHBIMH OPTaHU3aLUSIMH, MOTYT OBITH OOJIee MOJTHBIMH,
yem GBIF, koTopelii He HMEeT IEHTPATN30BAHHON OpraHM3allNK, M YTO TIOATOMY HAallMOHAJIbHBIC 0a3bl JaH-
HBIX MOTYT JaBaTh Oojiee TOYHBIC MPOTHO3BI pacrpenencHus BuaoB, yeM GBIF. UroOsl nposeputs Hamm
TUIOTE3bI, MBI cpaBHIIA: (1) 00beM JaHHBIX, BKIIOUCHHBIX B 0a3y maHHbIX Yemckoi PecryOnmku «Nalezova
databaze ochrany pfirody» (NDOP, [ba3a naHHBIX MECTOHaXOKICHUH ISl OXpaHBI MPUPOALI]), ¢ 00beMOM
naanbelx B GBIF B npenenax tepputopun Yenickoii Pecrry6onmuku, u (2) mepekpbITHe MPOTHOCTUYECKUX KapT
MIPOCTPAHCTBEHHOTO pacrpesiesieHust BuaoB B Yemickoit PecrryOnmike Ha OCHOBaHMHM 3THX JIBYX 0a3 JaHHBIX.
B xauecTBe MOzENBHONM TPYHIBI pacTeHUH MbI Mcmosb3oBasn cemeiictBo Orchidaceae. Mbl oOHapyXmiH,
4T0: (i) CyIIeCTBYeT 3HAYUTEIBHO OOJIbIIEE KOJMISCTBO 3alUCeH sl TeppuTOpHK HecnenoBanus (Yemickas
Pecny6nuka) B 6aze NDOP 1o cpaBaenuto ¢ 6a3oii GBIF, u (ii) mporao3sl MpocTpaHCTBEHHOTO pacipeaee-
HUS BUJIOB C HCIOJIb30BaHKEM Maxent, OCHOBaHHBIE Ha MH()OPMAIINK O MECTOHAXOKICHUSIX OpxuIei B Oaze
NDOP, B 3HaYNTEIIEHON CTETIEHH MEPEKPHIBAIOTCS C TAKOBHIMH, OCHOBAaHHBIMU Ha JIAHHBIX O MECTOHAXOXKJIe-
Husix BUJ0B B 0asze GBIF. YuutsiBas 3Tu pe3ynbrarTsl, MBI [10JIaraeM, 4TO, €CIIH JUIS HCCIEIyEMON TEPPHUTO-
PHH JIOCTYIIHA TOJIBKO O/lHa 0a3a JaHHBIX, HEOOXOAMMO HCIIOIB30BaTh MMEHHO ee. Ecin ke i TeppuTopun
HCCIIE/IOBaHUS TOCTYITHO Ooiblie 0a3 JaHHBIX, MBI JOJDKHBI MCHOJB30BaTh Ty M3 HUX, KOTOpas BKIIOYAET
OouibIree KOJMYECTBO MECTOHAXOKICHUH BUAOB (OOBIYHO 3TO OfHA M3 0a3 JaHHBIX MECTHOTO 3HAYEHUS, KaK
NDOP), nmockosbKy HCIIOJIB30BaHNE OOJIBIIETO KOJMUYECTBA MECTOHAXOXKICHUH MoipasyMeBaeT Oosee BhICO-
KYyI0 3HAYMMOCTh MOJICTUPOBAHNUS IIPOCTPAHCTBEHHOT'O paclpe/elICHHsI BUIOB.

Kurouessbie cioBa: Global Biodiversity Information Facility, NDOP, 6a3b1 aHHBIX, MOZIEIN pacipeaeIeHus
BUJIOB, PACIPOCTPAHEHUE OPXUICH
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