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Abstract. This article presents the results of dendrochronological studies conducted in five
branches of the State National Natural Park "Kokshetau" (Zerenda, Arybalyk, Shalkar, Aiyrtau,
and Ormanly Bulak). The research was based on the analysis of tree-ring samples from Scots pine
(Pinus sylvestris L.) and Siberian larch (Larix sibirica Ledeb.). The study established the main
statistical characteristics of local chronologies, including the period of chronologies (1813-2025), the
mean radial increment, standard deviation, mean sensitivity (MS), interseries correlation (RBAR),
synchronicity (GLK), and the expressed population signal (EPS). The results revealed that the
Zerenda site demonstrated the highest indicators of radial growth (1.42 conventional units) and the
highest sensitivity (MS=0.38) and interseries correlation (RBAR=0.68), indicating a more pronounced
response to climatic factors. All studied chronologies are characterized by high reliability (EPS>0.85),
confirming their suitability for climatic reconstructions. The obtained data form the basis for further
studies of the influence of climatic factors on the radial growth of coniferous species in the
forest-steppe zone of Northern Kazakhstan.
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Anparna. byn wmakanmaga "Kexkmieray" MeMIIEKeTTIK YJITTHIK TaOWFW MapkiHiH Oec
¢wmansiga — 3epenai, ApbsikOansik, [lankap, Alibipray xkoHe OpmaHabl OyJlak ayMaKTapbIHIA
KYPTi3iIreH ACHIAPOXPOHONOTHSUIBIK 3€pTTEYJAepAiH HOTIIKENEpl YCBIHBUIFaH. 3epTTey KoIiMIi
Kaparaii (Pinus sylvestris L.) xone cibip 6ankaparaiisl (Larix sibirica Ledeb.) araimrapbIHbIH )KbUIIBIK
CaKMHa YITUIEPiH TajnayFa Heri3aeni. 3epTTey OapbIChIHIA KEPTITIKTI XPOHOIOTUSIIAPIbIH HET13T1
CTAaTUCTHKAJBIK CHUIIaTTaMajapbl AaHBIKTAIJbI, OHBIH imIiHAEe XpoHojorus kezeHi (1813-2025
JOK.), OpTalia paguaiiblK ©CiM, CTaHIAPTTHl aybITKY, opTamia ce3iMTamablk (MS), cepusiapambix
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xkoppessitiisi (RBAR), cunxponasuibik (GLK) >xoHe MOMysSUUSIBIK CUTHAIIBIH AWKbIHIABUIBIFBI
(EPS) xepcertkimrepi KapacTblpbulibl. Hotmxenep 3epeHi ydackeciHIE paguaijblK ©CIMHIH €H
xorapel kepcetkimrepi (1,42 maprrel Oipiik), coHpal-ak ce3iMTaiabIKThiH (MS=0,38) xoHe
cepusiapasiblk  KoppermsinusablH  (RBAR=0,68) eH korapel MoHaepi OalKaiFaHbIH KOPCETTI,
Oy arayfaH ydacKeleri aramTaplIblH KIUMaTTBIK (akTopiapra alKbIHBIpAK >kayarl OepeTiHiH
nonenaenai. 3epTrenreH 0apiblK XPOHOIOTHUIAD KOFaphl ceHiMaimikneH cunarraiansl (EPS>0,85),
OyJ1 onapAplH KIMMATTHIK PEKOHCTPYKIMSIIAP SKYPri3yre >KapaMIbUIBIFBIH pacTaiiibl. AJBIHFaH
nepekrep Conrtycrik KazakcTaHHBIH OpMaHIbI-falla alMarblHAAFbl KBUIKAHXKATIBIPAKTHI aFall
TYPJIEPiHIH paJHalIblK ©CIMiHE KIMMATTHIK (DaKTOpIapAbIH 9CEpiH OJaH opi 3eprreyre Heri3
0omabl.

Tyiiin ce3mep: ICHIPOXPOHOIOIHUS, KbUIABIK CaKUHATAP, KOMIMII Kaparaii, cibip Gamkaparaiibl, OpMaH/bI-aia aiMarsbl,

Kekireray ynTThIK apKi, paJuaniblK 6ciM, KIUMar.

JEHJIPOXPOHOJIOTMYECKUE UCCJIEJJOBAHUS XBOMHBIX JTPEBECHBIX BU/IOB
B JIECOCTENHOM 30HE HA TEPPUTOPUU I'OCYJIAPCTBEHHOI'O
HAIIMOHAJIBHOTI'O ITPUPOJHOI'O ITAPKA "KOKIIETAY": CPABHUTEJIbHAS
XAPAKTEPUCTHUKA ITATHU PUJINAJTOB

II.B. Aounosa*, 'A.B. Kapa6anaesa
"Mesxrynaponsblii yauBepcuTeT Actana, Actana, Kazaxcran
*e-mail: sholpana jan@mail.ru

II.b. AonioBa — Bpiciias 1Koia €CTECTBEHHbIX HAyK, MeXIyHapOAHbI YHHBEPCUTET
Acrana, Kabanb6aii 0ateipa 8, Actana, Kazaxcran, e-mail: sholpana jan@mail.ru, https://orcid.org/
0000-0001-8372-1812

A.b. Kapab6anaeBa — Bpicias 1Ikoia €CTECTBEHHBIX HayK, MeKIyHapOIHbIA YHUBEPCUTET
Acrana, KaGan6aii 6areipa 8, Acrana, Kazaxcran, e-mail: karabalayevaa@gmail.com, https://orcid.
org/0000-0001-6539-2541

AHHOTanus. B craTbe npencTaBiaeHsl pe3ysbTaThl JEHIPOXPOHOIIOTHYECKUX UCCIEN0BaHUM,
NpOBEAEHHBIX B ATH pruinanax [ocyrapcTBEeHHOTO HallMOHAIBHOTO NpupoHoro napka "Kokmeray"
— 3epenauHckoM, ApbikOanbikckoM, IlankapckoM, Aifbiprayckom U OpMaHABIOYTaKCKOM.
HccnenoBanne OCHOBAaHO Ha aHaju3e OOpPA3lOB TOIMYHBIX KOJEl COCHBI OOBIKHOBEHHOMU
(Pinus sylvestris L.) u nmuctBeHHHIIBI cuOupckoit (Larix sibirica Ledeb.). B xome pabGorel Obun
YCTAHOBJIEHBl OCHOBHBIE CTAaTUCTUYECKHE XapaKTEPUCTHKHU JIOKAJIBHBIX XPOHOJOTHH, BKJIIOYAs
nepuon xponosiorut (1813-2025 rr.), cpenHuil paauanbHbli IPUPOCT, CTAHIAPTHOE OTKIOHEHHE,
CPEIHIOI0 4yBCTBUTENBHOCTH (MS), mexcepuiinyto koppemsiuuio (RBAR), cunxponnocts (GLK)
U BBIpaXCHHBIM monyasuuoHHb curHan (EPS). Pesynprarel mokaszamm, 4To ydacTok 3epeHaa
XapakTepusyeTcs Hanbosee BBICOKMMH MOKa3aTelsiMU paguanbHoro mpupocra (1,42 ycioBHble
€IUHUIIBI), a TaK)Ke HauOojblel 4yBCTBUTENbHOCTHIO (MS=0,38) u mMexcepuitHON Koppensiuuen
(RBAR=0,68), uTo CcBUAETENBCTBYeT O OoJiee BBIPAKEHHOW PEAKIMU APEBECHBIX PACTEHHH Ha
KIUMaTHueckue (akTopbl. Bce H3ydeHHBIE XPOHOJIOTHHM OTIMYAIOTCS BBICOKOM HAIEKHOCTBHIO
(EPS>0,85), uro moaTBep:k1aeT UX MPUTOJHOCTD JUIsl IPOBEIECHUS KIMMAaTUYECKUX PEKOHCTPYKIIUH.
[lomyueHHble NaHHBIE CIy’KaT OCHOBOM MJisi JalbHEWIIEro M3y4YeHHs BIMSHMS KIMMAaTHYECKUX
(hakTOpoB Ha paauaiIbHBIA MPUPOCT XBOWHBIX IPEBECHBIX BUAOB B JecocTenHoi 30He CeBepHOro
Kazaxcrana.

KiioueBble ciioBa: ACHAPOXPOHOJIOT M, TOAUYHBIC KOJIblIa, COCHAa 06BIKHOB6HHa$I, JIJUCTBCHHHIIA cu61z1pc1<a;1, JIECoCTCIIHasA

30Ha, HarmonaneHeni napk "Kokmieray", paguaibHBIH IPHPOCT, KIMMAT.

Introduction. One of the most valuable approaches to studying forest ecosystem responses
to changing climate is dendrochronology [Cook & Kairiukstis, 1990; Cook & Cole, 1991]. Tree
rings provide distinct data about the growth conditions of individual trees, permitting climate
reconstruction over several hundred years [D'Arrigo & Jacoby, 1993; Fyllas et al., 2017]. This kind
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of dendrochronological research is especially important in the period of modern climate change and
can help forecast the dynamics of forest ecosystems, and form their management strategy [Upadhyay
& Tripathi, 2019; Rudel et al., 2020].

The forest-steppe zone of Northern Kazakhstan is a region, where the climate is extremely
sensitive to variations in climatic conditions, where forest ecosystems are exposed to significant
anthropogenic stress, and where there is a threat of negative consequences associated with increasing
aridization [Sehring, 2012; Andersson & Ardfors, 2021; Farooq et al., 2023]. State National Natural
Park «Kokshetau» is a unique natural site in the territory of the forest-steppe zone, combining the
variety of forest ecosystem types, such as island pine forest and mixed forest on the lowlands in the
forest-steppe zone. It has been shown that conifer growth is limited by moisture and temperature
extremes on a regional scale [Mapitov et al., 2023; Dulamsuren et al., 2019].

At the same time, dendrochronological research in the territory of specially protected natural
areas, including Kokshetau National Park, is very incomplete. The objective of this work was to carry
out dendrochronological comparison of five branches of Kokshetau National Park and to establish
main statistical properties of local chronologies for subsequent climate reconstruction.

Materials and Methods.

Study Area. We collected samples within the «State National Natural Park «Kokshetau» (five
localities corresponding to the main park areas: Zerenda, Arybalyk (Iman Tau), Shalkar, Aiyrtau,
Ormanly Bulak). They differed in their geographical coordinates from 52.89298° to 53.38340° N
and from 67.99541° to 69.13061° E (Table 1).

Table 1. Location of Dendrochronological Sampling Sites on the Territory of the State National
Natural Park "Kokshetau"

Number of Site Coordinates Site Coordinates

No. Site Forest Type Tree Species Tree Samples Latitude (°N) Longitude (°E)
1 Branch - Zerenda Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 52.90070 69.13061
forest-steppe zone, with elements  L.), Siberian larch (Larix
of mixed forests in lowlands sibirica Ledeb.)
2 Branch - Arybalyk  Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 52.98354 68.35448
(Iman Tau) forest-steppe zone L.)
3 Branch - Shalkar Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 53.11968 68.41885
forest-steppe zone L)
4 Branch - Aiyrtau Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 60 53.38340 67.99541
forest-steppe zone L.)
5 Branch - Ormanly  Island (koloch) pine forest of the  Scots pine (Pinus sylvestris 70 52.89298 68.79846
Bulak forest-steppe zone L)

Sampling and Laboratory Analysis. Tree-ring core samples were obtained following
standard dendrochronological technique [Cook & Kairiukstis, 1990]. Cores were collected with
increment borer (Pressler borer) in the height 1,3 m, and 2-3 core samples were taken from one tree.
310 cores total were taken from the trees: 60 in Zerenda, 60 in Arybalyk, 60 in Shalkar, 60 in Aiyrtau,
and 70 in Ormanly Bulak.

For further measurement tree-ring cores were processed in laboratory (drying, sticking on
wooden holders, grinding and polishing the surface to better view the rings). Then tree-ring width
was measured with an accuracy 0.01 mm with LINTAB 6 (Rinntech, Germany) in combination with
TSAP-Win program [Rinn, 1996].

Data Processing and Statistical Analysis. The tree-ring series obtained were cross-dated by
the help of the TSAP-Win [Rinn, 1996] and Dendrochronology Program Library (DPL) [Holmes,
1992]. The local (site) chronologies were built for each site by the ARSTAN program [Cook & Krusic,
2005]. In general this process included the following stages:

1. Detrending of series with a negative exponential or regression with negative slope to
exclude the age-related trends.

2. Standardization and construction of the mean series (local chronologies).

3. Calculation of the main statistical parameters.
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Calculated statistics of each local chronology:

Mean radial increment (conventional unit)

Standard deviation

- Mean Sensitivity (MS) - index reflecting interannual variation of the growth rate

- Interseries correlation (RBAR) - average correlation of the series

- Synchronicity (GLK, %) - the coefficient of agreement [Rinn, 1996]

- Expressed Population Signal (EPS) - a signal of the chronology quality [Wigley et al., 1984].

Results and Discussion.

Period and Length of Chronologies. Data analysis revealed that all five local chronologies
span from the first quarter of the 19th century to the present year (2025). The most extended chronology
was established for Zerenda site (1813-2025, 213-year period), followed by Shalkar (1815-2025,
211-year period), Ormanly Bulak (1818-2025, 208-year period), Arybalyk (1820-2025, 206-year
period), and Aiyrtau (1822-2025, 204-year period) (Table 2).

Table 2. Main Statistical Characteristics of Local Chronologies

Parameter ZERO1 SHAO01 ARO1 AIRTO1 OB_01
Chronology Period 1813-2025 1820-2025 1815-2025 1822-2025 1818-2025
Series Length (years) 213 206 211 204 208
Number of Trees 70 60 60 60 70

Mean Radial Increment (conv. units) 1.42 1.31 1.18 1.26 1.35
Standard Deviation 0.38 0.35 0.27 0.32 0.30

Mean Sensitivity (MS) 0.68 0.64 0.59 0.62 0.66
Interseries Correlation (RBAR) 0.94 0.91 0.88 0.90 0.92
Synchronicity (GLK), % 74.3 71.8 67.5 69.2 72.1

EPS 0.94 091 0.88 0.90 0.92

Interseries Correlation and Chronology Reliability. A high interseries correlation (RBAR),
the average correlation between all pairs of individual series within the chronology, has been
established for all sites (from 0.88 (Arybalyk) to 0.94 (Zerenda)), being well over the recommended
limits of 0.3-0.4 for reliable chronologies [Cook & Kairiukstis, 1990]. This indicates a common
variability of trees in each site.

The values of the expressed population signal (EPS), the measure of sample size and reliability
of the resulting chronology [Wigley et al., 1984], for all sites surpass the accepted value of 0.85, with
the highest EPS (0.94) being characteristic of the Zerenda site, followed by Ormanly Bulak (0.92),
Shalkar (0.91), Aiyrtau (0.90) and Arybalyk (0.88), respectively. High EPS values demonstrate that
the number of sampled trees (from 60 to 70 per site) is sufficient for a correct capture of the common
climatic signal and allows the obtained chronologies to be further used for climatic reconstruction.

Comparative Analysis of Sites. Comparison of dendrochronological parameters for five
studied sites shows a significant difference between them. The highest values of all statistical
characteristics are observed at Zerenda (the longest duration, highest mean radial increment, highest
sensitivity, highest interseries correlation, highest EPS), which implies that this site has the highest
dendrochronological potential in the region and can be used as the key one for climatic reconstruction
in this territory. In the second place are the Ormanly Bulak site and its indicators, the reason of which
could be its more favorable location. In the middle place there are the Shalkar and Aiyrtau sites.
Arybalyk is last among the rest (with the lowest values of most parameters).

Possible reasons for the revealed differences between sites may be the following:

1. edaphic (soil moisture and soil fertility) conditions, which can be better in Zerenda
(presence of mixed forest in lowlands);

2. microclimatic (temperature, precipitation) due to differences in geographical location,
elevation, aspect;
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3. anthropogenic (differences in recreational load and tending);

4. differences in tree stand structure, density and composition (larch at Zerenda may mean a
special ecological place in the forest stand).

High dendrochronological potential of all studied sites is confirmed by high values of EPS and
interseries correlation, which gives reason to use these chronologies for reconstruction of Northern
Kazakhstan climate for the last 200 years.

Conclusion. To do this, dendrochronological studies were performed on the territory of five
branches of the State National Natural Park «Kokshetauy.

Conclusions obtained:

- For the first time, long-term local chronologies of trees rings for Scots pine and Siberian
larch were built up for this area. They lasted 204 to 213 years (1813-2025).

- Statistical characteristics of the chronologies indicate that all five series are very reliable
(EPS>0.85), allowing to be used for the reconstruction of the climatic parameters.

- The highest dendrochronological potential in the area is characterized by Zerenda branch. It
showed the longest chronology period, the maximum values of mean radial growth of 1.42 conv.units,
mean sensitivity (0.68) and interseries correlation (0.94).

- The differences in statistical characteristics between the sites indicate heterogeneity of the
growing conditions on the territory of the Kokshetau national park. The obtained data can be further
used for studying the influence of different ecological factors on the radial growth of coniferous
species.

- The results obtained in this work form the basis for building dendroclimatic models for the
forest-steppe zone of northern Kazakhstan. They can be applied to identify the effects of climate
changes on forests of specially protected natural areas.

In the future, we plan to build a regional master chronology, analyze the climate-growth
relations, and carry out the temperature and precipitation reconstructions over the last two centuries.
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