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Abstract

Methods of geometric morphometrics were used to analyze differentiation of three larch species — Larix gmelinii, L.
cajanderi, and L. sibirica, which are the most common larch species in North Asia, by the shape of the cone scales. The
samples of seed-bearing scales of mature cones were collected from 185 trees in 8 populations, which represented the different
regions of the Larix species areas. Ten outline points on one side of the cone scales were chosen to characterize their shape.
Patterns of shape variation were depicted using Generalized Procrustes Analysis (GPA). PCA results of partial warps (PW)
revealed the shape differences of cone scales among the three species of Larix. The CVA of relative warps (PCA scores)
showed that the Larix species were all successfully discriminated, and populations within the species were considerably
differentiated. Geometric morphometrics can be used as an effective tool to analyze inter- and intra-specific differentiation of
Larix species based on the shape of cone scales.
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FEQMETPH‘-IECKPIFI MOPQ)OMETPHHEQKHﬁ AHAJIN3 CEMEHHBIX
YEIIYU IIMIIEK JJIA PEHOTUIIMYECKOU IUPPEPEHIIMAIIMU BU1OB
LARIX (PINACEAE)

Hayunas crates

AHHOTANUA
IIpoBeneHO TEeCTHpPOBAHHWE TEOMETPUUIECKOW MOP(POMETPHH CEMEHHBIX Yellyd IMWIIeK Il BHYTPH-M MEKBHIOBOM
muddepeHManuy JTMCTBEHHUI] HA TTPUMEpPEe TPeX BUJIOB, HanOojee paclpoCTPaHEHHBIX HAa CEBEPO-BOCTOKE Aszmm  — Larix

gmelinii, L. cajanderi, and L. sibirica. O0pa3isl ceMEHHBIX YelIyd IuIIek cobpaHsl ¢ 185 mepeBbeB B 8 MOMyIANMAX,
KOTOpBIE NPEICTaBIIOT pasHble pailoHbBI apeajoB JMCTBEHHHUI. JlecATh KOHTYPHBIX TOYEK Ha OJHOW CTOPOHE Yellyil ObLIN
BBIOpaHBI Ui XapaKTepuCcTHKH uX (opmel. OcoOeHHOCTH BapHanuyd (GOPMBI YelIyd OBUIH TPOAHATH3MPOBAHBI C
HCIIOJIB30BaHUEM CTAHIAPTHBIX METOJOB I€OMETPUYECKOM MOp(GOMETpHH, BKIIOYAs aHauu3 ITaBHBIX KoMmmoHeHT (PCA)
YacTHHIX AedopMaliii 1 KaHOHWYECKHH JuckpuMuHaTHbIM aHanmu3 (CVA) otHocutensHbIX nedopmanuii. PCA pesynbrars
YacTHBIX JedopManuii deimryd BBLIBHIM pa3inuuusi (OpMBbI Yellydl cpenu TpeX HCCIeOBaHHbIX BHIOB JIMCTBEHHHUII.
KaHoHMYecknii aHaIn3 OTHOCHUTEINBHBIX AeOopMalMii Yelryid oka3all, YTo Bce TPH BHA JIMCTBEHHHL] XOPOIIO pa3/eNsioTcs, a
TaKKe 3HAYUTENBbHO JU(QepeHIrpoBaHbl TONYISILUM BHYTPH BHIOB. ['eomerpuyeckas MoOpPQOMETpHss MOXKET ObITh
UCIIOJIb30BaHa B KayecTBe d((EKTUBHOTO MHCTPYMEHTa JUIS aHAIN3a BHYTPH M MEKBUJIOBOH aAnddepeHInanny JIMCTBEHHHI
1o popMe CEMEHHBIX YeIlyi [IHIIeK.
Kuroudessble cj1oBa: reomerpudeckas Mophomerpus, popMa CEMEHHBIX Yeinyii, Larix TAaKCOHOMHSI.
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1. Introduction

Methods of geometric morphometrics have been actively developed since the 1990s [1]. This method is based on an
analysis of variation in the coordinates of landmarks and outline points that characterize the shape of morphological structures,
using multivariate statistics. The standard procedure of geometric morphometric analysis, referred to as a Generalized
Procrustes Analysis (GPA), followed by projection of the aligned coordinates of landmarks on a linear tangent space for
multivariate analyses, and the graphical visualization of results in terms of the configurations of landmarks. A number of books
[2], [3], and review articles [4], [1] provide a comprehensive theory and methods of geometric morphometrics and describe its
application in biological research. The effectiveness of this approach for describing population structure of conifers was
previously demonstrated in the studies of Pinus pumila (Pall.) Regel [5] and Larix cajanderi Mayr [6].

Taxonomy of the genus Larix Mill. (Pinaceae) remains controversial because of the high rates of interspecific
hybridization and continuing processes of speciation in the regions where larch species ranges overlap [7]. Although variability
and taxonomy of larch was extensively studied in the last century, that research did not provide sufficient basis for determining
the status and genesis of East-Siberian and Far-Eastern taxa [8]. The most widespread larch species in Northeast Asia are L.
gmelinii Rupr. (Rupr), L. cajanderi, and L. sibirica Ledeb., whose distribution ranges stretch from West Siberia to the coast of
the Sea of Okhotsk in the east. The data on the abundance and distribution of L. gmelinii and L. cajanderi are contradictory.
The status of L. cajanderi as the species has been supported by genetic and morphological research conducted in Russia and
based on abundant factual evidence [9], [10], but this species has not been recognized until now and is regarded as the
synonym of the typical variety of L. gmelinii (L. gmelinii var. gmelinii) [11], [12]. The differentiation of larch species in
Siberia and Far-East is associated with the history of their origin and distribution in this region. It has been assumed that L.
gmelinii emerged in East Asia shortly before the Pleistocene, and, owing to its tolerance of freezing, waterlogging, and
permafrost, migrated west, displacing L. sibirica [13], [14], and L. cajanderi is a younger species, which formed in the late
Pleistocene in the initial populations of L. gmelinii [15], [7].

In larch taxonomy, the major diagnostic markers are cone structure characters, the shape of cone scales being one of the
most significant characters [16]. Studying variations in generative organs is important for understanding the taxonomic
differentiation of the larch species growing in North Asia and showing exceptional polymorphism. The purpose of the present
study was to test the methods of geometric morphometrics as a tool for analyzing inter- and intra-specific larch differentiation
by the shape of cone scales.

2. Material and method

2.1. Samples

Three samples of cones were collected from L. cajanderi populations in Yakutia and Magadan Oblast; two samples of
cones were collected from L. gmelinii populations in Evenkia and Transbaikalia, and three samples of cones were collected

from L. sibirica populations in South Siberia (Table 1).

Table 1 — Characteristics of studied samples from Larix populations

. Geographic location of the studied . . Total trees/scales
Species . Geographic coordinates .
populations in the sample
Yakutia, Namsky ulus N62°35" E129°43' 20/96
Magadan region, Bol. Annachag onar onar
. . N62°03" E149°09 30/109
L. cajanderi range
Yakutla,' surroundings of Chersky N68°45" E161°19" 29/36
village (N-Kolyma)
Evenkia, surrpundmgs of Tura N64°19" E100°07" 22/110
L.gmelinii village
East Transbalkalla? valley of the N51° 49" E113° 09" 23/116
Ingoda river
Altai, Cherginsky range foothills N51° 34" E 85°34' 20/103
. Tyva, West Sayan, Ak-Dovurak N51°23' E 90° 27’ 22/109
L. sibirica environs
Khakasia, Kuzn.etskly Alatau N 54° 59" E89° 49 26/133
foothills

Cones were collected from 20-30 trees in each population. Fifteen to twenty cones were collected from each tree; five
largest cones were selected, and 3—5 scales were taken from their middle parts and scanned. Scanning was done using an
Epson Perfection V500 Photo scanner. After scanning, 510 scales, which were the most representative, were selected for each
tree.

2.2. Morphometric data

To characterize shape variation of cone scales using methods of geometric morphometrics, outline points were placed
along the scale edges followed by analysis of partial warp scores, describing individual differences in shape of scales. Outline
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points were placed along the scanned scales with a TPSDig screen digitizer [17], using angular algorithm (Figure 1a). Cone
scales are bilaterally symmetric structures, and, therefore, 10 outline points were placed on one side of the scales. Points 1 and
2 were placed on the axis of symmetry at the base and at the apex of the scale; point 3 corresponded to the point of curvature in
the upper part of the scale in L. cajanderi and L. gmelinii, but in L. sibirica, it was placed at an angle of 15 degrees to the axis

of symmetry. Other outline points (4, 5, 6, 7, 8, 9, and 10) were placed at angles of 30, 50, 70, 90, 110, 130, and 145 degrees to
the axis of symmetry (Figure 1a).

e L. sibirica
e L. gmelinii
e L. cajanderi
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Figure 1 — Graphical representation of the morphometric analysis. a: outline points recorded on cone scale, b: Procrustes
superimposed outline points of 870 cone scales from 8 populations of Larix species; c: the cone scale samples after Sliding
Baseline Registration (SBR); d: reconstruction of the whole cone-scales by reflecting duplicated SBR-outline point coordinates
across the midline

Initial coordinates of the outline points were aligned using Procrustes superimposition of the cone scale sample with the
average configuration, common for the three species (Figure 1b), in the CoordGen6 program [18]. For graphical presentations
of the statistical results, Sliding Baseline Registration (SBR), which prevents rotation of the symmetry axis of morphological
structures, was used (Figure 1c). To visualize results of analysis, images of whole scales were obtained by duplicating the
outline points coordinates and reflecting them over the axis of symmetry (Figure 1d).

2.3. Statistical analysis

The data were processed and analyzed using Integrated Morphometrics Programs software [18]. The methods of geometric
morphometrics used for the present analysis are also described in Zelditch et al. [3]. The main directions of the scale shape
variation were revealed using the Principal Component Analysis (PCA) of partial warp scores including uniform shape
deformations in the PCAGen6N program [18]. Differences in shape of cone scales between species were determined by paired
comparison of the samples in the TwoGroup6h program [18]. The Procrustes distance between means of the samples was
calculated as the sum of the squared distances between corresponding outline points. To test the statistical significance of
shape differences between the species, Bootstrap resampling-based Goodall’s F-test (for 900 replications) was used for
coordinates of contour points of cone scales in the Procrustes superimposition The differentiation of the species or populations
was analyzed using Canonical Variates Analysis (CVA) based on PCA- scores [18], [3].

3. Results and discussion

PCA of partial warps of the scales revealed four main components, which accounted for 91% of the total shape variation of
the cone scales for the three larch species. Vector visualization of these transformations, which characterize the main directions

of scale shape variation corresponding to the maximal and minimal values of the four principal components, is shown in Figure
2.
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Figure 2 — Shape variation of the cone scales in the three Larix species. Arrows indicate the changes in position of outline
points of reference (mean) scale configuration in accordance with the maximum and minimum values of the four principal
components

The utmost scale shape variation in the three larch species (55.5% of the total variance in partial warp scores) was
associated with the variations in the scale width and length explained by the first principal component. The second principal
component (16.7% of the total variance) characterized scale shape variations from broadly ovoid scales with rounded or
pointed tips to ovoid ones, with notched upper edges. The third principal component (13.7% of the total variance) accounted
for variations in notched scales from the spade- to heart-shaped scales. The fourth principal component (7% of the total
variance) characterized variations in the depth of the notch and the width of the upper part of the scales.

The ordination of samples on the plane of principal components gave some indication of the differences in the directions
of shape variations of the scales from the three larch species (Figure 3). The L. sibirica sample occupied an intermediate
position on PC1 and prevailed in the region of positive values on PC2, which corresponded to the presence of ovoid scales
with no notch on the upper edge. The L. gmelinii and L. cajanderi samples with notched scales varied within a wide range of
values of the first principal component: L. gmelinii prevailed in the region of positive values on PC1, which corresponded to
the presence of the scales broader than those of L. cajanderi; the scales of L. cajanderi were more elongated, and it prevailed in
the region of negative values on PC1.
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Figure 3 — PCA-ordination of larch samples based on shape of the cone scales: a) plot of PC1 (53.5% of total variation)
and PC2 (16.7% variation) showing 90% confidence ellipses of Larix species means; b) plot of PC3 (13.7% of total variation)
and PC4 (7.0% variation) showing 90% confidence ellipses of Larix species means

Species differentiation was also observed on the third and fourth principal components: L. sibirica and L. gmelinii samples
occupied the region of positive values on the fourth principal component, which corresponded to the presence of oval scales
with rounded or flat tips, and the L. cajanderi sample occupied the region of negative values, corresponding to the deeply
notched scales. Differentiation on the third principal component was less significant: the L. gmelinii sample with the broader
spade-shaped scales was shifted to the region of negative values, and the L. sibirica and L. cajanderi samples with heart-
shaped scales were shifted to the region of positive values. Canonical variate analysis resulted in distinct differentiation
between the three larch species (Figure 4).
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Figure 4 — Scatterplot of canonical variates axes 1 and 2 for canonical variate analysis (CVA) of PCA scores. Plot of CV1
(53.5% of total variation) and CV2 (16.7% variation) showing 90% confidence ellipses of species means of CVA axes scores

Mahalanobis and Procrustes distances confirm significant differences between species in the shape of cone scales (Table
2).

Table 2 — Differences in the cone scale shapes among the L. cajanderi, L. gmelinii, and L.sibirica species.
Mahalanobis distances (right) & Procrustes distances (left): p-values (above); distances between species (below)

L. cajanderi | L. gmelinii L.sibirica L. cajanderi L. gmelinii L.sibirica
L. cajanderi - <.001 <.001 - <.001 <.001
L. gmelinii 0.0533 - <.001 10.46 - <.001
L.sibirica 0.0647 0.0501 - 19.89 10.29 -

Although L. cajanderi and L. gmelinii are closely related species, the distances between these species and L. sibirica are
different: L. cajanderi is differentiated from L. sibirica to a greater extent than L. gmelinii (Table 2). The reason for this is that
the L. gmelinii population from Transbaikalia (the Ingoda population) is located close to the distribution range of L.
czekanowskii Szafer — the L. sibirica and L. gmelinii hybrid.

Canonical variate analysis of the matrices of relative deformations of scales calculated for each species showed
intraspecific differentiation of larches (Figure 5).
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Figure 5 — Scatterplot of canonical variates axes 1 and 2 for canonical variate analysis (CVA) of Larix populations data.

Plot of CV1 and CV2 showing 90% confidence ellipses of means of CVA axes scores for Larix populations: a) plot of L.
gmelinii populations (CV1 59.9% and CV2 40.1% of total variation); &) plot of L. sibirica populations (CV1 90% and CV2
10% of total variation); c) plot of L. cajanderi populations (CV1 79.2% and CV2 20.8% of total variation)
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Mahalanobis distances were estimated to confirm significant differences between populations of the same species in the
shape of cone scales (Table 3). The highest degree of differentiation was noted for populations of L. cajanderi.

Table 3 — Differences in the cone scale shapes among populations of the Larix species.
Mahalanobis distances between populations (below); p-values (above)

Distances between populations of L. cajanderi Distances between populations of L. sibirica
Namsky N-Kolyma | Magadan Altay Tyva Khakasia
Namsky - <.001 <.001 Altay - <.001 <.001
N-Kolyma 5.56 - <.001 Tyva 1.59 - <.001
Magadan 4.60 5,92 - Khakasia 3.59 4.50 -

The L. sibirica sample collected at the foothills of the Kuznetskiy Alatau differed considerably from the samples of
populations from Altay and Tyva (Figure 5 b, table 3), although the three L. sibirica populations were of the Upper-Yenisei
geographic race. The high polymorphism of the Upper-Yenisei geographic race of L. sibirica, commonly occurring in the
northeast Altay, Kuznetskiy Alatau, and the West and East Sayan Mountains was noted by N.V. Dylis [13]. The L. gmelinii
populations from Evenkia and East Transbaikalia were significantly differentiated (Figure 5 a), Mahalanobis distance between
populations of L. gmelinii was 4.26, p<.001. A study of allozyme variation showed the high level of genetic diversity of those
L. gmelinii populations, which suggested that they could be considered as geographic races [19].

4. Conclusion

The study of shape variation of cone scales using methods of geometric morphometrics confirmed differentiation of the
three larch species: L. gmelinii, L. cajanderi, and L. sibirica. PCA showed that the shape differences of cone scales were
mostly associated with the scale width and length and the presence and shape of the notch on the upper edge of the scale. PCA-
ordination of larch samples revealed interspecific differences in shape variations of cone scales. CVA demonstrated that the
three species of the Larix genus were all successfully discriminated and that populations within the species were noticeably
differentiated.

Geometric morphometrics of cone scales can be used as an effective tool to analyze inter- and intra-specific differentiation
of Larix species. Geometric morphometrics is a reliable tool not only in taxonomic studies but also in further research of larch
biogeography and evolution based on shape variations of morphological characters of cones.

Acknowledgements

We thank to Dr. Makarov V. P. for material collection from Zabaikalje. We are grateful to E. L. Krasova for assistance
with text translation and to Yu. V. Shevchenko for help in drawing.

Conflict of Interest KoH(paukT uHTEpECOB

None declared. He ykazan.

References

1. Adams D. C. Geometric Morphometrics: Ten Years of Progress Following the «Revolution» / D. C. Adams, F. J.
Rohlf, D. E. Slice // Italian Journal of Zoology. —2004.— Vol. 71.—P. 5-16. doi: 10.1080/11250000409356545

2. Bookstein F. L. Morphometric tools for landmark data: geometry and biology / F. L. Bookstein Cambridge: Cambridge
University Press, 1991. — 435 pp.

3. Zelditch, M.L. Geometric morphometrics for biologists: a primer / M. L. Zelditch, D. L. Swiderski, H. D. Sheets and
others. — New York: Elsevier Academic Press, 2004. — 290 p.

4. TTanuaoB U. 4. [IpuaINTEI 1 MeTOABI TeoMeTprdeckoit Moppometpuu / . S ITaBnuroB, H. I'. Mukemmuna // XKypran
obmieit omonoruu. —2002. — T. 63, Ne 6. — C. 473-493.

5. Vetrova V. P. Geometric Morphometric Analysis of Shape Variation in the Cone-Scales of Pinus pumila (Pall.) Regel
(Pinaceae) in Kamchatka / V. P. Vetrova // Botanica Pacifica. A journal of plant science and conservation. —2013. — Vol. 2(1).
—P. 19-26

6. Oreshkova N.V. Genetic and phenotypic diversity of Larix cajanderi Mayr in the north of the Russian Far East / N. V.
Oreshkova, V. P. Vetrova, N. V. Sinelnikova // Contemporary Problems of Ecology. — 2015. — Vol. 8 (1). — P. 9-20.

7. Koropachinskii I. Y. Botanical-geographical and forestry aspects of introgressive hybridization of the Gmelin larch
(Larix gmelinii (Rupr.) Rupr.) and Cajander larch (L. cajanderi Mayr) / I. Y. Koropachinskii, L. I. Milyutin // Contemporary
Problems of Ecology. —2011. — Vol. 4 (2). - P. 167-177.

8. UpomnukoB A. U. Jlucreennuipt Poccun / A. Y. UpomnukoB — Mocksa: BHUJIM, 2004. —182 c.

9. Abanmos A. I1. Jlucteennuns! [ Mennna u Kasunepa / A. I1. A6anmos, 1. FO Kopomaunackuit —HoBocubupck: Hayka,
1984.— 121 c.

10. Polezhaeva M. A. Cytoplasmic DNA variation and biogeography of Larix Mill. in Northeast Asia / M. A. Polezhaeva,
M. Lascoux, V. L. Semericov / Molecular Ecology — 2010. — V. 19 (6). — P. 1239-1252. doi: 10.1111/j.1365-
294X.2010.04552. x.

11. Farjon A. World Checklist and Bibliography of Conifers / A. Farjon — Kew: Royal Botanic Gardens. — 2001. — 309 p.

6



Journal of Agriculture and Environment 4 (16) 2020

12. Govaerts R. World Checklist of Pinaceae. Facilitated by the Royal Botanic Gardens, Kew. [Electronic resource] / R.
Govaerts, A. Farjon — URL: http://wcsp.science.kew.org (accessed : 10.07.2020).

13. Jdeutuc H. B. Cubupckas muctBennnna / H. B. [Isumuc. — Mocksa: MOUII, 1947. — 137 c.

14. Jeutuc H. B. JIuctBennuna Bocrounoit Cubupu u Jlanmsnero Bocroka / H. B. JIpumic — Mocksa: M3a-so AH CCCP,
1961. - 209 c.

15. boopos E. I'. JlecoooOpasyromue xpoiiaeie CCCP/ E. I'. boOpos. — Jlenunrpan: Hayka, Jleaunrp. otnenenue, 1978, —
189 c.

16. Opnosa JI. B. KoHcriekT nUKOpacTymMX M HEKOTOPBIX MHTPOIYLHMPOBaHHBIX BHIOB poxa Larix Mill. (Pinaceae)
¢nopst Bocrounoii Espomnst / JI. B. OpnioBa // HoBoctu cucremaruku Beiciinx pacrenuid. —2012. — T. 43. — C. 5-19.

17. Rohlf F. J. Programs tpsDig, version 2.16, tpsUtility, version 1.47 [Electronic resource] / F. J. Rohlf. // Ecology and
Evolution. —2010. — URL.: http://life.bio.sunysb.edu/morph/ (accessed: 23.02.2012).

18. Sheets H. D. Integrated Morphometrics Programs. [Electronic resource] / H. D. Sheets. Dept. of Physics, Canisius
College, Buffalo NY. — 2001. URL: http://www.canisius.edu/~sheets/morphsoft.html/ (access: 23.02.2012).

19. Oreshkova N. V. Genetic diversity, structure and differentiation of Gmelin larch (Larix gmelinii (Rupr.) Rupr.)
populations from Central Evenkia and Eastern Zabaikalje / N. V. Oreshkova, A. Y. Larionova, L. I. Milyutin and others //
Eurasian Journal of Forest Research. — 2006. — Nel. — P. 1-8.

References in English

1. Adams D. C. Geometric Morphometrics: Ten Years of Progress Following the «Revolution» / Adams D. C., RohIf F. J.,
Slice D. E. // Italian Journal of Zoology.—2004.—Vol. 71.—P. 5-16. doi: 10.1080/11250000409356545

2. Bookstein F. L. Morphometric tools for landmark data: geometry and biology / F. L. Bookstein — Cambridge:
Cambridge University Press, 1991.— 435 p.

3. Zelditch, M.L. Geometric morphometrics for biologists: a primer / M. L. Zelditch, D. L. Swiderski, H. D. Sheets and
others. — New York: Elsevier Academic Press, 2004. — 290 p.

4. Pavlinov, I. Y. Principles and Methods of Geometric Morphometrics / I. Y. Pavlinov, N. G. Mikeshina. // Journal of
General Biology. — 2002. — Vol. 63(6). — P. 473-493. [In Russian]

5. Vetrova V. P. Geometric Morphometric Analysis of Shape Variation in the Cone-Scales of Pinus pumila (Pall.) Regel
(Pinaceae) in Kamchatka / V. P. Vetrova // Botanica Pacifica. A journal of plant science and conservation. —2013. — Vol. 2(1).
—P.19-26

6. Oreshkova N.V. Genetic and phenotypic diversity of Larix cajanderi Mayr in the north of the Russian Far East / N. V.
Oreshkova, V. P. Vetrova, N. V. Sinelnikova // Contemporary Problems of Ecology. — 2015. — Vol. 8 (1). — P. 9-20.

7. Koropachinskii I. Y. Botanical-geographical and forestry aspects of introgressive hybridization of the Gmelin larch
(Larix gmelinii (Rupr.) Rupr.) and Cajander larch (L. cajanderi Mayr) / I. Y. Koropachinskii, L. I. Milyutin // Contemporary
Problems of Ecology. — 2011. — Vol. 4 (2).—P. 167-177.

8. Iroshnikov A. I. Listvennitsy Rossii [Larches of Russia] / A. 1. Iroshnikov — Moscow: VNIILM, 2004. — 182 p. [In
Russian]

9. Abaimov A. P. Listvennitsa Gmelina i Kajandera [Gmelin and Cajander Larches] / A. P. Abaimov, I. Yu.
Koropachinskiy. — Novosibirsk : Nauka, 1984. — 121 p. [In Russian].

10. Polezhaeva M. A. Cytoplasmic DNA variation and biogeography of Larix Mill. in Northeast Asia / M. A. Polezhaeva,
M. Lascoux, V. L. Semericov / Molecular Ecology. — 2010. — V. 19 (6). — P. 1239-1252. doi: 10.1111/j.1365-
294X.2010.04552. x.

11. Farjon A. World Checklist and Bibliography of Conifers / A. Farjon — Kew: Royal Botanic Gardens. — 2001. — 309 p.

12. Govaerts R. World Checklist of Pinaceae. Facilitated by the Royal Botanic Gardens, Kew. [Electronic resource] / R.
Govaerts, A. Farjon — URL: http://wcsp.science.kew.org (accessed : 10.07.2020).

13. Dylis N. V. Sibirskaya listvennitsa [Siberian Larch] / N. V. Dylis. Moscow: MOIP, 1947. — 137 p. [In Russian].

14. Dylis N. V. Listvennitsa Vostochnoy Sibiri i Dalnego Vostoka [Larch in Eastern Siberia and the Russian Far East] /
N. V. Dylis.— Moscow, Leningrad: Publishers of Academy of Sciences of USSR, 1961. — 209 p. [In Russian].

15. Bobrov E. G. 1978. Lesoobrazujuschie khvojnye SSSR. [Coniferous forests of the USSR] / E. G. Bobrov. —
Leningrad: Science, 1978. — 189 p. [In Russian].

16. Orlova L. V. Konspect dikorastuschikh I nekotorykh introducirovannykh vidov roda Larix Mill. (Pinaceae) flory
Vostochnoi Evropy [The synopsis of wild and some introduced species of the genus Larix Mill. in flora of the East Europe] /
L. V. Orlova // Novitates Systematicae Plantarum Vascularium. —2012. — Vol. 43. — P. 5-19. [In Russian].

17. Rohlf F. J. Programs tpsDig, version 2.16, tpsUtility, version 1.47 [Electronic resource] / F. J. Rohlf. // Ecology and
Evolution. —2010. — URL.: http://life.bio.sunysb.edu/morph/ (accessed: 23.02.2012).

18. Sheets H. D. Integrated Morphometrics Programs. [Electronic resource] / H. D. Sheets. Dept. of Physics, Canisius
College, Buffalo NY. — 2001. URL: http://www.canisius.edu/~sheets/morphsoft.html/ (access: 23.02.2012).

19. Oreshkova N. V. Genetic diversity, structure and differentiation of Gmelin larch (Larix gmelinii (Rupr.) Rupr.)
populations from Central Evenkia and Eastern Zabaikalje / N. V. Oreshkova, A. Y. Larionova, L. I. Milyutin and others //
Eurasian Journal of Forest Research. —2006. — Nel. — P. 1-8.



	FORESTRY
	Vetrova V.P.1 *, Barchenkov A.P.2, Sinelnikova N.V.3
	Ветрова В.П.1 *, Барченков А.В.2, Синельникова Н.В.3

