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EXTRAPOLATED DATA-BASED ANALYSIS
OF TERRESTRIAL GASTROPOD DISTRIBUTION
IN THE NORTHERN TIEN SHAN REGION

A considerable amount of published sources contain incomplete data, as significant
knowledge about the diversity of living organisms has been accumulated in museum collections
and monographic publications. Nevertheless, the problem of using already published incomplete
information remains quite relevant since the monographs covers a significant part of the biological
diversity and territories of the planet. In this paper, data on the findings of land mollusks in the
Northern Tien Shan were compiled from existing literature. Based on these incomplete data, the
distribution of terrestrial mollusks was reconstructed in the whole region. As a result species richness
of gastropods in the Northern Tien Shan is not dependent on geographic locality. The study found
significant similarities in the fauna of different mountain ridges, with spatial proximity being a
significant factor in determining faunal similarity. The difference in the malacofauna between lle
and Kungey Alatau is likely due to the uneven representation of Kungey Alatau in previous studies.
The data reconstruction method performed in the study proved to be a simple and quick approach
for preliminary estimating faunistic diversity. While this method has some limitations, they can be
avoided by incorporating environmental data.

Key words: Northern Tien Shan, gastropods, species distribution, extrapolation.

A.A. AiT>kaHoBa

KPP 3oonormnsg nHctutyThl, KasakcraH, AAMaThl K.
e-mail: aytzhanovaanel@gmail.com

Coatycrik TaHb-LLIaHbAaFbI XkepycTi 6aybIpasikTbl
MOAAIOCKAAApPABIH, TApaAybiH 3KCTPaNoOASILLMSIAAHFAH MaAIMeTTep
Heri3iHAe Tarpay

JKapusinanraH AEpeKKe3AEpPAIH eAdYip OGOAIri TOAbIK eMec MOAIMETTEPAI KaMTWMAbI, OMTKeHi
Tipi OpraHU3MAEpPAIH BPTYPAIAIri Typaabl GiAIMHIH 6acbiM KemMuWiAiri Mypaxkail KOAAEKUMSIAAPbIHAQ
>K8He MOHorpadmsAblK, 6acbiAbIMAAPAA KMHakTaAraH. OcbiFaH KapamacTaH, >KapusAaHFaH TOAbIK,
eMec aknapartThl MamAaAaHy MaceAeci eTe e3ekTi 6OAbIN Kara Oepeai, erTKeHi oAap MAaHeTaHbIH
GUMOAOTUSIABIK, OPTYPAIAIri MEH ayMakTapblHbIH eAdYip 6eAirii cunattamabl. Ocbl 3epTTeyae COATYCTIK
Tanb-LLaHb Tay xyreciHiH xxep 6eTiHAeri 6aybIPSKThl MOAAIOCKAAAPAbIH TaObIAYbI TyPAAbl XXapUSAAHFaH
aAebMneT AepekTepi namaasaHbiAAbl. OCbl TOABIK EMEC AepekTepre CyieHe OTbIpbIN, XXep OeTiHAEri
MOAAIOCKaAapAbIH ariMak, 60MbIHLLIA TapaAyblH KalTa Kypy >yprisiaai. Hatmxxkeaep CoatycTik TsiHb-
LLlaHb GayblpasikThl MOAAIOCKAAAPbIHbIH TYPAIK 6aiAblFbl reorpadmsAbiK, AOKaAM3aumsaFa 6aiAaHbICTbI
eMeC eKeHiH KepceTTi. OPTYPAI Tay >KOTaAapblHbIH, (payHaCbIHAQ aMTAPABIKTaM YKCACTbIKTap TabblAAbI,
KEHICTIKTIK >aKbIHAbBIK, (hayHa YKCACTbIFbIHbIH MaHbI3Abl aHbIKTayllbICbl 6OAABL. Iae AAaTaybl meH
KyHrei1 AaaTay >koTaAapbiHbIH MaAakogayHaChiHbIH arblpMallblAbiFbl OYPbIHFbI 3epTTeyAepae KyHren
AAatayblHbIH, TOAbIK, KOpPCeTIAMereHAiriHeH 6oAca kepek. 3epTTeyae ayHaAblK SPTYPAIAIKTI aAAbIH
aAa baranay KesiHAe AepeKkTepAiH XKETICMeyLiAiri opbliH aAca KapanambiM >KaHe >KbIAAAM BAICI BOAbIM
Wbk Thl. KopluaraH opTa KocbiMLLa (hakTOpAapbl TypaAbl AEPEKTEPAT KOCY apKblAbl OCbl SAICTIH Kerbip
LekTeyAepiH 6oAaabipMayFa 60AaAbI.

Tyiiin ce3aep: CoaTycTik TaHb-LLlaHb, ractponoaTap, TYpAepAiH TapaAybl, SKCTPANOASLMS.
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AHaAM3 pacnpeAeAeHusi Ha3eMHbIX OPIOXOHOTMX MOAAKOCKOB
B CeBepHom TsHb-LLlaHe Ha 0CHOBe 3KCTPANOAMPOBAHHbBIX AAHHbIX

3HauMTeAbHOE KOAMYECTBO 3HAHWIA O PA3HOOOPA3UNM SKMBbBIX OPraHM3MOB HAKOMAEHO B My3eiHbIX
KOAAEKLMSX M MOHOTpadmsx 1 NpeACTaBAEHO HEMOAHbIMM, PA3HOPOAHBIMU AaHHbIMK. Tem He MeHee,
npobAemMa MCMoAb30BaHMs yKe OnyOAMKOBAHHOWM HEMOAHOM MHMOPMALMKM OCTAETCS AOCTAaTOYHO aK-
TyaAbHOM, MOCKOABKY B HMX OMM1CaHa 3HAUMTEAbHAs YaCTb BUOAOrMUECKOro pa3Hoobpasus 1 TeppuTo-
puit nAaHeTbl. B paboTe BbiAM MCMOAb30BaHblI AUTEPATYPHbIE AQHHbIE O HAXOAKAX HAa3eMHbIX MOAAIOC-
koB B CeBepHOM TaHb-LLlaHe. Ha ocHOBE 3TUX HEMOAHbIX AQHHbIX OblAQ MPOBEAEHA PEKOHCTPYKLMS
pacnpeAeAeHu s HA3eMHbIX MOAAIOCKOB BO BCEM pernoHe. Pe3yAbTaTbl MoKasaAm, YTo BUAOBOE HoraTcT-
BO GpioxoHOrMx mMoAaatockoB CesepHoro TsiHb-LLlaHs He 3aBMCUMT OT reorpachMyeckon AOKaAM3aLLMM.
BbIAO BbIIBAEHO 3HAUMTEABHOE CXOACTBO B (hayHe padAMUHbIX TOPHbIX XPEOGTOB, MPU 3TOM MPOCTPAHCT-
BeHHasi 6AM30CTb OKa3aAaCb BaXkKHbIM (DAKTOPOM, OMPEAEASIOLIMM (DAayHMCTUYECKOE CXOACTBO. PasHum-
ua B ManakodayHe mexxay xpebtamu Mae Aaatay m KyHrenm Aaartay, BEPOSITHO, CBSI3aHa C HEMOAHOM
penpe3eHTaumen KyHrein Aaatay B MpeAbIAYLLMX MCCAEAOBaHMSIX. PEKOHCTPYKUMS AQHHBIX, MCMOAb30-
BaHHas B MCCAEAOBAHUM, MOKa3aAa ce6s MPOCTbIM U ObICTPbIM METOAOM AAS PEABAPUTEABHOM OLLEHKM
hayHMCTHUECKOro pa3Hoo6pasms Npu HEAOCTATKe AaHHbIX. HeKkoTopble orpaHuueHmst METOAQ MOXKHO
n36exartb NMyTemM BKAIOUYEHUS AQHHbIX O hakTopax CPeAbl.

KatoueBble croBa: CesepHbiit TsHb-LLIaHb, GPIOXOHOrME MOAAIOCKM, pacrpeAeAeHne BUAOB, IKCT-

panoAsums.

Introduction

A significant part of the information about bio-
logical diversity has been accumulated in museum
collections and faunistic or floristic monographic
publications [1, 2]. As a rule, such data are hetero-
geneous and are represented by numerous series of
field collections or single records made by different
methods in different seasons and for different pur-
poses. Many of the published sources contain in-
complete data on finding localities or circumstances
of collection of the studied organisms. This makes it
difficult to use these data. As a result, to solve ordi-
nary research or conservation problems, it is neces-
sary to organize new time-consuming and expensive
field expeditions. The collection and fixation of new
material, especially in the case of rare or protected
species, can be associated with harm to the environ-
ment.

The need for a detailed description of the pre-
liminary data and depositing them in open deposito-
ries has been emphasized many times in the special-
ized literature [3, 4, 5]. Nevertheless, the problem
of using already published incomplete information
remains quite relevant since the monographs covers
a significant part of the biological diversity and ter-
ritories of the planet.

In this work, I tried to reconstruct data on the
spatial distribution of terrestrial gastropods of the

Northern Tien Shan on the basis of incomplete lit-
erary descriptions. Based on the obtained dataset, I
presented preliminary analysis of malacofaunistic
complexes.

The Tien Shan is a mountain range located in
Central Asia, spanning across parts of Kazakhstan,
Kyrgyzstan, Uzbekistan, and China, between ap-
proximately 40° and 45° N latitude and 67° and 95°
E longitude [6]. The boundaries between Tien Shan
districts can be difficult to define precisely, as they
often pass into each other through the valleys. The
northern branch of the Tien Shan is located north
of Lake Issyk-Kul and is represented by Ile Alatau
(Trans-1li Alatau, Zailiisky Alatau), Kungey Alatau,
Terskey Alatau, Ketmen, and Kirghiz ridges [7].
The predominant elevation in this area is between
4000-4600 meters above sea level, making it a high-
altitude mountainous region.

Gastropods are one of the most species-rich
groups of animals, ubiquitous on land, in fresh and
salt waters. Within the Northern Tien Shan, mol-
lusks inhabit various types of habitats from high
mountains to river gorges [8]. High interspecific
diversity, dwelling in various biotopes, weak abil-
ity of mollusks to overcome geographical barriers
make them a convenient model object for ecological
research. Many gastropod species serve as interme-
diate hosts for parasitic helminths of humans and
domestic animals [9].
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Materials and methods

Data on the species composition and geographi-
cal distribution of terrestrial mollusks of Ile Alatau,
Kungey Alatau and Terskey Alatau ridges were ex-
tracted from monograph by Shileyko and Rymzha-
nov [10]. The monograph reports on 194 species of
terrestrial pulmonate mollusks in Kazakhstan and
adjacent territories, and is based on extensive data
collected by Shileyko and Rymzhanov between
1972 and 2007. However, the monograph does not
provide detailed information on the collection lo-
calities of the species including geographic coordi-
nates. Therefore, | reconstructed the missing coor-
dinate data.
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I extracted a total of 218 species record
from the Northern Tien Shan region. Of these,
166 were from lle Alatau, 37 were from Kung-
ey Alatau, and 15 were from Terskey Alatau
(Figure 1).

To conduct my analysis, I reconstructed geo-
graphic coordinates (latitude, longitude). Specimen
records ranged from 42.5° to 43.7° latitude and
75.5° to 80.2° longitude.

Since each record contains only data of the pres-
ence a single species, | divided the study area into
cells with a side of 0.2 degrees (in both latitude and
longitude). Thus, each cell represented a quasi-hab-
itat with its own species composition and was con-
sidered as a separate unit for analysis.

90

Figure 1 — Localities of reconstructed species records of the Northern Tien Shan. Different ridges
are marked by colored dots: blue — Ile Alatau, red — Kungey Alatau, green — Terskey Alatau

To analyze the spatial distribution of mollusks,
I used two types of data. First, data on the number
of species in each cell; second, data on the species
composition in each cell. To reconstruct the spe-
cies composition, | assumed that the each of the ob-
served species is distributed ubiquitously between
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the extreme localities. For example, if a species was
only collected at 75° and 80° in longitude, I assumed
it could be found at any longitude within that range.
Similar reconstruction was applied to latitudinal dis-
tribution data. The main drawback of this approach
is that the middle range may appear to have the rich-
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est fauna. To address this, I excluded one row on
each side of the overall analysis. Another flaw of
the applied method was that the extrapolation zone
included the territory of the adjacent Ketmen range,
which was not initially included in the analysis.

I conducted a correlation analysis to examine
the potential relationship between species richness
and geographic longitude and latitude.

In order to evaluate the similarity of the fauna
among the ranges, I employed one-way Analysis
of Similarities (ANOSIM) with 100,000 bootstrap
replications and constructed a dendrogram with
bootstrap support of 10,000 replications using the
Bray-Curtis similarity index [11]. The contribution
of individual species to differences between range
faunas was assessed using the Similarity Percent-
ages Analysis (SIMPER) [12, 13].

Routine data processing was conducted using
MS Excel. Classical clustering, ANOSIM and SIM-
PER analyses were performed in Past ver. 4.11 [14].
Maps were constructed in QGIS 3.28.2.

Results and discussion

The Northern Tien Shan was found to possess a
total of 81 species and 16 families of terrestrial mol-
lusks. The families Enidae (20 species) and Camae-
nidae (17 species) were the most abundant in terms
of species number, while the family Pyramidulidae
was the least numerous, represented only by a single
species.

Out of the three ridges studied, Ile Alatau dem-
onstrated the highest species richness with 72 spe-
cies, out of which 52 are unique, that is, found with-
in the framework of this study only there. Kungey
Alatau contained 23 species, with 5 being unique to
the area, whereas Terskey Alatau contained 13 spe-
cies, of which 4 are unique.

The Northern Tien Shan region contains three
species (Turcomilax turkestanus (Simroth, 1898),
Turcomilax tzvetkovi Likharev et Wiktor, 1980,
Pseudonapaeus schnitnikovi (Lindholm, 1922)) and
21 endemic species belonging to 8 genera (Columel-
la Westerlund, 1878, Deroceras Rafinesque, 1820,
Pupilla J. Fleming, 1828, Leucozonella Lindholm,
1927, Macrochlamys J. E. Gray, 1847, Ponsadenia
Schileyko, 1978, Pseudonapaeus Westerlund, 1887,
Turcomilax Simroth, 1902) [8]. Notably, some of
these species are only known from their type locales.

The number of common species for Ile Alatau
and Kungey Alatau ridges was 11, while only 2 spe-
cies were shared between Ile Alatau and Terskey
Alatau. There were no common species observed
between Kungey Alatau and Terskey Alatau ridges.

The total number of species presented on all three
ridges was 7.

By extrapolating the data, I obtained a total of
122 cells within the study area, which was reduced
to 87 after the exclusion of extreme rows (Figure 2).
The number of species observed in the studied cells
ranged from 1 to 36, as indicated by the varying siz-
es of the points on the map. The mid-range region
turned out to have the highest species richness.

I found significant differences in the spe-
cies composition between Kungey Alatau and Ile
Alatau (ANOSIM, R=0.0498, p=0.0246), while no
significant differences were observed between the
Kungey and Terskey Alatau (ANOSIM, R=0.0498,
p=0.3466), Ile and Terskey Alatau (ANOSIM,
R=0.0498, p=0.1857). Further analysis using SIM-
PER revealed that the greatest contribution to the
difference between Kungey and Ile Alatau ridges
was made by Cochlicopa lubricella (Porro, 1838)
— 6.5%, Pseudonapaeus dissimilis (E. von Martens,
1882) — 6.2%, Truncatellina callicratis (Scacchi,
1833) — 6.1%, Columella edentula (Draparnaud,
1805) — 5.4%.

Correlation analysis revealed no significant de-
pendence of the number of species on geograph-
ic latitude (p=0.8444, R=0.1159) and longitude
(p=0.6442, R=0.0993).

The dendrogram (Figure 3) of faunal similar-
ity of the studied cells showed the presence of two
groups. The Bray-Curtis similarity index between
cells depends on their spatial proximity to each
other, so the nearby cells in the dendrogram form
clusters with a high bootstrap support.

The data reconstruction method used in the
work is a simple and quick approach for estimating
faunal diversity. This technique is particularly use-
ful where data are limited, serving as a valuable tool
for preliminary analyses. However, it has certain
disadvantages. Firstly, the Northern Tien Shan is a
mountainous region with a complex landscape, so
the extrapolation remains an approximate method,
and the gastropods will be distributed only in areas
suitable for their ecological niches. For precise iden-
tification of mollusk distribution, the availability of
environmental data such as temperature, humid-
ity, etc. is necessary [15, 16]. Secondly, the middle
ranges exhibit the highest richness of fauna.

Correlation analyses showed that gastropod spe-
cies richness in Northern Tien Shan is not dependent
on geographic location. Dendrogram (Fig.3) indi-
cated that spatial proximity was a significant fac-
tor in determining faunal similarity between cells,
while the distribution of species between the differ-
ent ranges appeared to be roughly homogeneous.
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Figure 2 — Reconstructed species composition. The varying sizes of the points on the map indicate the proposed number
of species in the studied cells (from 1 to 36). The cell are gradiently colored according
to the similarity index to the central cell (brown).
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Figure 3 — Cluster dendrogram of faunistic similarity of the studied cells. Colored ordinal number
of studied cell signify different ridges: green — Ile Alatau, blue — Kungey Alatau, red — Terskey Alatau.
Bootstrap values are located at the nodes.
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In the previous works species communities of
the ridges was considered as a single entity and was
not differentiated between individual ridges [17,
18, 19]. However, Assylbek et al. [20] observed a
significant difference in the richness of the species
composition of fungi in the Ile and Kungey Alatau.
The authors explained this difference by the lim-
ited number of studies of the Kungey Alatau. In
my study, [ also found significant similarities in the
fauna of the Kungey and Terskey Alatau, Ile and
Terskey Alatau ridges. The difference observed be-
tween Ile and Kungey Alatau is likely due to the un-
even representation of Kungey Alatau malacofauna
in previous studies.

Conclusion
The geographic location does not affect the spe-

cies richness of gastropods in the Northern Tien
Shan. Also, there are significant similarities in the

fauna of different mountain ridges. The difference in
malacofauna between Ile and Kungey Alatau is like-
ly due to the Kungey Alatau’s uneven representation
in previous studies. The performed data reconstruc-
tion method is a simple and fast approach for pre-
liminary estimating faunistic diversity, although it
has some limitations that can be overcome by incor-
porating environmental data.
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