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Stand measures of the plots before

- tand age in 2012: 44 stand age in 2012: 22

(2009, 4¢,), after the thinning (2009,,,) and H S A

at thebefnd of the observation period if; 2012. BI RC { B " stand age in 2012: 68 L RCH { L1I: stand age in 2012: 61 _ _ . . . . .
Non-spatial harvest event analysis (Characterisation of Thinning Intensityand Type): We characterised the thinnings

N/ha = stem number per hectare;
BA/ha=basal area per hectare; dom. height 222 by thinning weight (rG ratio; (Murray & Gadow 1993) and thinning type (NG ratio) (Gadow et al.2012). Thinning weight
’ ’ a a . . . . .. . . . . .
(m) = dominant height; CV: diameter e 1144 568 736 = 1578 776 368 reflects thinning intensity. The NG ratio indicates the thinning type, e.g., thinning from below or above. Values below one
coefficient of variation; Dg: quadratic mean BI low int. 1174 961 1045 LI low int. 1504 1148 1268 Indicate thinning from above, values higher than one indicate thinning from below. A value near one indicates indifferent
. . . . . unth. 1368 unth. 1510 unth. 1136 unth. 1200 .. .- . . . .
j!ameter Off a||II trt-ees. Db arlzt:(;netlc :jne:.n e — - - - - - - thinning (Vitikova et al. 2016), meaning that the proportion of removed stems was proportional to the removed basal area:
lameter of all trees, Ug_ZUU. Qquadratic BII low int. 1136 808 796 Ll low int. 624 564 624 2 N /N
mean diameter of the 200 strongest trees; unth. 1188 unth. 1192 unth. 416 unth. 1G = Grem"”e‘i(r? i) NG = (Gremoved /Gt"t“l)
D_200: arithmetic mean diameter of the 200 NS/ B . BA (m?)/ha ___ Giotar (11 / hit) removed = total
strongest trees; m. int. = medium intensity m. l!’\t 14.659 6.974 8.567 m. |r1t 16.707 11.039 14.404 where, N = stem number; G = basal area
_ _ _ BI low int. 8.690 6.988 8.746 Ll low int. 13.513 11.320 15.165 ) S ) ] i
treatment; low int. = low intensity treatment; unth.  10.841  unth. 12223 unth. 15657  unth. 18749 Assessment of spatial tree distribution pattern was done by testing the hypothesis of complete
unth. = no treatment (unthinned). m. int. 17.289 10.791 11.366 m. int. 24.878 22.026 23.692 - ST - -
- T iamter | 14310 i R TR T TR T spatial randomness (CSR), L(r)>0 Indicates aggregation of the pattern up to distance r, and Ly < 0
th. 17.895 th. 19.249 th. 21.635 th. 23.154 Talel I I I .
Stem number and Dg on some plots NV N N N 0 A O indicates regularity up to distance r (see Wiegand 2004): — _ [K0) e
= - w1 n=0forrz
indicated that the increase in basal area , I int. 1(2)3 1;-2 1(1)-3 ; Im-i_nt- 341; ﬁ-g g-g ") 7 "
] ] ) ow Int. : - : ow Int. : . ‘
in the years after thinning was due only unth. 11.0 unth. 11.6 unth. 12.8 unth. 13.1 — - - -
to the growth response of the remaining m. int. 14.9 14.8 15.0 m. int. 16.4 16.4 16.5 medium intensity treatment low Intensity treatment no treatment <= Example of diameter
Unth 14 5 Unth 14 7 Unth 16 5 Unth 16 7 [ n & B o treatment h I 1 I h
BII low intensity treatment), whereas on |- NN N A 0 A — i NG=145  § g NG-146 ¢ % arvest event analysis (larct
other plots the increase was also due to m. int. 020 0.426 0.416 m. int. 0.359 0.373 0.364 x X A stand L; grey: trees remaining
) , BI low int. 0.251 0.246 0.251 L low int. 0.311 0.316 0.310 ] g o - g 8- after thinning; black: trees
|ngrOWth of young trees (e.g., Bl medium unth. 0.352 unth. 0.329 unth. 0.473 unth. 0.449 3 o — 5 o 2 g7 removed during the thinning):
intensity treatment, LIl low intensity m. int. 0.333 0.279 0.286 m. int. 0.362 0.342 0.340 odl 1 e e = I e e e e A rG ratio indicates
Bl low int. 0.276 0.263 0.263 LIl low int. 0.269 0.260 0.267 7 11 15 19 23 27 31 35 39 43 47 7 11 15 19 23 27 31 35 39 43 47 roT T 19 e ar e 99 99 43 4T thinning intensity; NG ratio
treatment)' Over the course Of the unth. 0.278 unth. 0.232 unth. 0.249 unth. 0.252 U DBH (cm) DBH (cm) DBH (cm) indicates the thmmg type: in
observations, the Dg changed more .o | | | | D - B 1 | 1 both thinned plots thinning
strongly on the thinned plots than on it SRS T2 T e © 5 . rom below (NG >
. . . . . . . . . . . < N
the unthinned plots. The actual thinning unth. 9.5 unth. 9.7 unth. 12.0 unth. 12.9 = T 0 R I 02 ¢— Example of the analyses of
effect becomes clearer when focusing m. int. 14.0 16.0 16.4 m. int. 20.7 21.9 2277 '7p) I B ——— S B < 02 e :
H v, Th BII low int. 13.4 14.0 14.6 LIl low int. 20.8 21.5 20.9 =3 " = the thinning on the spatial
0!1 the strongest trees only. e mean oy 13.3 ey 13.8 o 4.9 ) 30.9 S g N N | distribution pattern:_T_he larch plots
diameters of the top 200 larch trees per | N N N S 100 0 s C SN2 T T i i e w Mo a4 6w w & ow o3 i & s owom o oftheLl-series exhibited clumped
ha remained nearly unchanged after the m. int. 12.8 12.4 12.2 m. int. 11.8 1535 14.5 ) (i} £ () () tree distributions before harvest.
, BI low int. 9.7 9.6 10.3 LI low int. 10.7 112 12.4 w — ¥ — The thinning intervention reduced
tree removals. In contrast, for birch, a unth. 10.0 unth. 10.2 unth. 13.2 unth. 14.1 S £ 9 clumping and resulted in a more
i ion i ' m. int. 15.0 16.8 17.0 m. int. 22.0 23.1 24.0 £ ., - : b
slight reduction in mean dlameter ot the il o s e — " - — — — M == . : uniform distribution. Some patterns
top 200 trees was observed indicating ey o o 123 - o e e | &8s s | no treatment shifted toward a significant regular
© O -02 D24 00 s ictrihiti lower
that some of the larger trees were HEEIINEEEEEEEEEEEEEEEY e a3 distribution pattern at lower
harvested. The dlametegr coefficient of m. int. 211 108 17.7 _ _ __ S v < - 06 - distances (e.g. L | medium intensity
A . o BI low int. 13.4 12.7 14.0 LI low int. 15.6 15.6 17.5 — 02 4 6 8 10 12 1 o2 4 s 8 10 12 14 treatment). Three years after
variation (CV or DBH-differentiation unth. 16.1 unth. 16.3 unth. 20.3 unth. 1.8 (@ thinning, some of the plots had
according to von Gadow and Hui (2002), m. int. 21.0 20.3 21.0 m. int. 28.9 28.7 29.8 E 2 06 buffered some of the thinning effects
respectively) on the plots did change ol Iowt';:t igj 19;3 ;gi i Iowt',?t 2(2)(2, zztﬁ ggg C 3 . by ingrowth of stems (not only
. el e L e ¢ 4 larch, but also birch plots),
Only Ilttle‘ However, on a” pIOtS Of the - _______ Lﬁ % ~ = deve|0ping away frofn thg observed
series. the CV decreased slichtl : m. int. 21.3 17.4 18.2 m. int. 19.0 18.9 20.8 g - 02 e ) i
! shtly 1n BI low int. 13.7 13.0 14.3 LI low int. 16.4 16.4 18.2 R~ thinning event-induced regularity.
response to thinning. =% _ ;
: : et e T A S I T a R
BlI low int. 19.5 19.1 19.9 LIl low int. 275 275 28.6 rim) ) m)
unth. 19.5 unth. 20.3 unth. 30.2 unth. 31.1

)

A methodology for the assessment of the effects of Less competition before thinning means better

thinning on the growth of single trees nrowth
1. Iglentify/select the co_mpetit_ors: § ™ . _
on e plot afe hinning by 2 and round o 2.1 B R R —> diameter distribution and diameter CV were not greatly changed by thinning and on all plots BA
cereh aci (NNDSR) which ranged, depeningor 5 = .1 . growth, and on most plots the ingrowth of young trees was promoted by thinning;
oplic the sone-method suggesed by Pretzsch E EEREL L0 —> an increase in stem number and basal area in the short period after the harvest events was
1995; 2002) usi i d ith : P’ 8 . ; _
e : fLPdRe— | noticeable;
t that ent t t s | 4 ' ' ! e : ' ' ' . . . .
were considered as competitors. | cone et preccn 555, o 1z s & s 0 12 3« s = the ratio between removed stem number and removed basal area (NG-ratio) indicated that, on most
; implemented with excel an Cl|_before [competitor selection: cone method efore [competitor selection: cone metho - . .
Aetatistce (Gradel et al. 2017, 4) ) ! ) “ plots, smaller trees were preferentially removed (thinning from below);

) | iti i d : n d . . - . - - - . . .
W eloctod the dhtance weighted Hegyi-index for the H12CT, = 2 (a) Relationship between competition index (CI_before) and basal area | == clumping seems to be a characteristic feature of the disturbance prone birch and larch forests in
description of completion (Hegyi 1974). j=1 d; aist growth (2007 to 2009) of larch prior to thinning: R> =0.3257, p < 0.05. V] lia (Gradel et al. 2015):

wher, = iameter of e 4, =diamete (b) Relationship between competition index (Cl_before) and basal ongolia ( rade - et al. ), - o - | o |
3 Caloulate the competition before and eeiandee) area growth (2007 to 2009) of birch prior to thinning:: R2 = 0.1695, p < | === OUI ODServation that the spatial tree distribution pattern tended towards regularity after thinning is
after the disturbance event (e.g. thinning): 0-0>. - _ . common for many selective harvest regimes (e.g. thinned larch plots in Northern China (Lei et al. 2012));
W tified the relative effect of a reduction i . - . - . -
competition by caloulating Clyy (asolute  C1., chﬁ{ Cfga SOEENCIR S EER SR RIIMREEE  —, thinning mostly promoted “de-clumping” and a tendency towards regular or random distribution.

tition diff - the diff bet th gLl - . - . -
Hegyi-index beforo and after thinning) and OVICd s 4 -1yt ndens o i triggers growth of the remaining trees —> Pukkula et al. (2015) concluded that for forest stands with irregular (clumped) tree distribution, the
the result by the Heygi-index before thinning (Cl ). e e e We elaborated linear mixed models (Gradel et al. 2017_3) for describing absolute growth (after : - - - .
Cl (relative competition relief) can reach values i thinning: 2009-2012) and relative growth (relative change in basal area growth after thinning (2009- MOost pI’OfItab|e OptIOn IS 10 remove the Sma”er trees In densely StOCked aleas and Ieave |al’ger trees In
between 0 and 1. The higher the value, the greater the 2012) in comparison to the period before thinning (2007-2009): - . - - - ]
reduction in competition (Gradel et al. 2017 3). abs g1, = (B )ntercepts (5, JDBH + (8, )Cly + (b )plot-+{bs sta+ o sparsely stocked places (similar to the thinning approach in Altansumber);
4, CaIC Iate abSOI te and relat- e gro th where B, ., B, b,/ b,, are the parameter estimates of the intercept, the DBH, the Cla of the ih " " T 11 1 1 1Fi 1
o it abealure Groueh e 0 o 1 s of the ~- el ettt B s e o T —> the ability of the remaining trees to positively respond to competition relief was significant despite
| basal h (based d cores: = P i -

e oo TS | i< (it )ty s G the fact that some trees had already reached a considerable age; |
thinning event (2010 2012). In order 10 QUANLITY e ., ... - meananwatgrowthor | where f, 1, b, arthe parametr estimates ofth ntercep,the Cls fth e he plt and —p continuous cover forestry systems (Gadow et al. 2012; Vitikova et al. 2016) are considered a
relative change in basal growth of tree i (rel.gr), we basal area of tree i (2007-2009); W(period » = the stand (sta) respectively; & = error term of tree i in plot j of the stand. ] _ - ) ] o ]
divided abs.ar by th | h of basal mean annual growth of basal area of tree i
A o A A 4 5 preferred option since exposition and sunblocking forest cover result in the disjunctive occurrence of
measUrements) of te three years preceding the : K ' permafrost (Savin et al. 1988, Kopp et al. 2014);

thinning event (2007—-2009).

5. Put the variables as fixed effects into a linear mixed model (LMM) to
describe and analyze absolute growth (abs.gr) and relative growth (rel.gr)
after thinning:

We hypothesized that the rel.gr of larch and birch positively correlate to Cl,,,. Each tree i in
plot j of stand k represents a sample unit. To avoid pseudoreplication, we used a linear

—p 0Ur results indicate that a more methodical and scientifically based forest management, comprising,
among other strategies, repeated thinnings, could be established,;
= effects on stand stability and soil need to be further studied.

mixed model approach (LMM), which includes fixed effects (competition quantified by ClI, 0 02 04 06 08 1.0 0 02 0.4 06 0.8 1.0
DBH) and random effects (stand, plot) (Crawley 2007; Zuur et al. 2009). All models were Cl,e; (competitor selection: NNDSR) Cl,,; (competitor selection: NNDSR)
optimized based on the restricted maximum likelihood method (REML) Zuur et al. 2009). (a) (b)

We also tested for interactions between initial DBH and Cl.,.

S . . . Forests close to the settlements are likely to experience more utilization pressure in the future. It Is necessary to

(a) Graph of the relationship between the relative competition relief i : i ; . :
(CI_) and relative change in basal area growth (rel.gr) of larch. (b) Identify and enact sustalnal_ale management approaches (regional s!IV|cu_Itura_lI treatments) anc_l appropriate control
Graph of the relationship between the relative competition relief (Cl_,) measures to ensure ecologically sound management and to provide direction for forest utilization. Our results
and relative change in basal area growth (rel.gr) of birch. Indicate that birch and larch trees respond to thinning with significant increases in absolute and relative growth.
Com- N8 «—oOverview of the selected competition- This finding could be a starting point for developing comprehensive forest management guidelines for both the
] SR SN [ el petitox Model Parameter (Fixed Effects) growth models (fixed and mixed effect models). larch and birch dominated stands. Reference plots and thinning trials, as shown in the example of the plots in

Effects| S¢- . - - — . . -y . . .
lection| o The different competitor selections are NNDSR = Altansumber, can serve as a basis for analysis of silvicultural measures, training of prospective forest managers
rch radi I n th le NND; - P o E - - :
— e e alee; Gl _EEValie] il [l | DR vl search radius class, based on the double ’ and creation of specific thinning models as well as providing a cooperation instrument for stakeholders with
Birch  absgr . cone 31 —0.0009 0.0485 00003 00487 00002 00000 —40095 CONe = cone method (Pretzsch 1995, Crocom idel - d
Clyn 2007). Cly = difference in absolute competition WIGETY varying needs.
. Birch  absgr o NNDSR 37  —0.0008 0.1638 0.0003 0.0214 0.0002 0.0000 —455.48 before and after thinning' Cl = relative
1 rel T ] . . . :
tan | e || e el s sl oo | e e l=iace competition reliefF DBH = diameter at breast AUTHORS OF THIS POSTER PRESENTATION. Alexander Gradel!, Enkhtuya Bazarradnaa?, Ochirragchaa Nadaldorj?, Batsaikhan Ganbaatar®, Batdorj Dovdondemberel3,
+CI;BH . ) ’ i i Aleksandr A. Altaev4, Aleksandr A. Voinkov*
Larch  abs.gr +D‘g‘; NNDSR 31 —0.0018 0.2836 0.0006 0.0044 0.0002 0.0000 —388.26 helght of tree | a:t the end of the Veg_Etat_lon perIOd 1 Faculty of Forest Sciences and Forest Ecology, Universitdt Gottingen, Blsgenweg 1, 37077 Gottingen, Germany; 2 School of Agroecology and Business, Institute of Plant and
Birch rel.gr Cl,  cone 29 2.1084 0.0000 0.7111 0.0387 96.48 2009; AIC= Akaike‘s Information Criterion. Agricultural Sciences, Mongolian University of Life Sciences, P.O. Box 904, University St., Darkhan, 45047 Darkhan-Uul, Mongolia; 3 Institute of Geography-Geoecology, Mongolian
2 f;;‘;l}’l ;:i:g g: NI;L?ISR g? 1:2(1)2(3) g:gggg (1):2‘7“712 g:g?gg %?3 Academy of Sciences, P'ost Box-81, Baruun Selbe 15, Ulaanbaatar 15170, Mongolia; # Chair of Silviculture and Forest Management, Buryat State Academy of Agriculture, Pushkin St. 8,
Larch  relgr  CL, NNDSR 36  1.1756 0.0000 1.4156 0.0001 68.64 670034 Ulan-Ude, Russia.
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