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Table2. Comparison of values of variables related to stand composition in beech forests
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Figure 1. Comparison of Structural complexity index correlation with the relative importance value of
maple, beech and rare tree species.

2l L Ll e 5 e daly IS slaes s
S 55 ol J s s sl el Saee
Gl s 1y 63 s Slol 3 5l A5 0 51 S
05 ol a)ls Gasla cpl sl pae g basgte A s
Sl 88 Ghaasie )l S S el JI>
Ol Sl Sty asla U 1y sl e dlal

.,\.a:du'

Y\Y

b3 sre daly (Sosen 0405 i

Pl sl S ol el 5 ade (ol S5
S Sl Jgs ) (F Jgdr) LSS odalin e
5 Ao Vv 5l S Sl Sl Lol 68
AL Bl G5 L b Gl S s e
2T dsde) dadls Sdamy e li » ol s



S Gl Sz 50 (SCI) Jlsle Saum sasli 5 0k slaaiss b

Table 3. Structural complexity index correlation with the tree species density, basal area and relative
importance value
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* Rare tree species is including alder, elm, lime, Caucasian persimmon and wild cherry.
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Figure 2. Correlation of relative importance value of rare tree species and Shannon diversity and
richness index (top) and structural complexity index (down)
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Figure 3. Comparison of the relative importance value range in stands with the different value of stand

structural complexity index, HSC, MSC and LFC demonstrates high, middle and Lowe complexity in
structure.

S 5 Sl Li- 4 g 05l b K>
035 b J o s 5101 OAS 555 5 K b
jﬁ)b}uﬁd\};dﬁﬁdb—wﬁ.aﬁ
S Jrle o3 s Candse (8,8 s bl
Sl L;Li?— 6‘.&203}3 Wj.: B et LSL"‘"A‘) Q‘}&M
s 5L Jpl L (Sagheb-Talebi et al., 2014)

ke b s glaws S 5l cbli> o, ol 5 ash

AR}A

S ablis Jiss O KES 5 0l pde 55K 55 s
Ui OAS Sl g Sl 53 il & s S
S b oan el K 3 0550l 2 S
5,55 55 O 5 s K bl s Sdoes 58l
oo Sloss ol Sl (Koo o e SIS
s gl 5 s e 3l 5 (Sefidi, 2023)
Sl Bd 01 Llse 51 e g0 5 S ¢ 55

Co e el 0 o 9 a)‘j.o.ﬁ Lfl‘<”>- Lgbhelj.}'



S Gl Sz 50 (SCI) Jlsle Saum sasli 5 0k slaaiss b

03 E S a5 S slaes g Sesl
oeFlE Gode Slde 3 4 e Dslie
.(Quchheim et al., 2020) » 45 o lbtle Sio
S S Sl 5 Ak e b 15 e ool
Om 03 gl Dol Glers gy s il
Seidl et al., ) asl Ls o Cilime 2555 slaai S
Lle s sba S osas 5 oisa (2013
Sslite (Golers a8 s IS L 5 Ky
55 Rl e e Sle S 3 O Wl 5 2L
ol e edle Wk e K oges Sl o
Dl 5y Gl pss 4 e 53l G S sl
25 ol et 5 IS0 5 g e sl 5 Ladlg
Sl 885 g il 3 e LS 5 oSS
Aobdd pled 53 Gare 5 b gl Jdia 350
b sladi S Ll eyl Sty Lals (g ls soms
Sslize (glane «suslaly 53 sline S Jdoas
o e SO3ISS) OLET s Sl ehs 4 s 26
s s ar g JB S L ps o oKanl il
S s 5 e sl Sl o310 s slal
53 Obs oIl 5 slal 53w sl 4 e a5
Sheo sy 5 s i s 3 5 o0 s
Bl 4 e (3 A S 3 sline
@ﬁﬂ}eﬁ&é@gﬁjz&i}f)t})b@jw
bl e sl K s xi oSeal sl
B oopd e 2O Lol bl > &35 s K> s
ol3l 53 OIS Slegaas 5 Laggl Saasliw Tl 2
swl b Sl bl Sdee Sl b 1K
Puettmann et al.,) 555 pbnil avial (sl K
s il sladl S sl cpl e sdle (2015
3 bl o 2B kil s s 4 e
bl ol apie Sl S0 2B, Al
Sl OISl & slize S350 S1 OLAT L Ol s g

Yo

slas SIS e s Lol i 058 b oSSl
b o 2l 02 Sl oli s M laen
Sl 53 (S 65 JS2 S sl (2 505 ol
Lobas e Jolse 51 ool 2S0m a5 K
onst 3 b S ps ol ke Ok
Cos y Slle 53 Sdos Ll5 e b gbaa S
oot Sy Dl s s bl aas 15 b
Codas VY + /Y Jlt e Sioes Lol Sle
0> eop Sspe Dl s I cp x5 el
g b edalie boge S b plaes s
S laes g 3 ks Ol A, F 5 el
o jo 55 Ol s slal 5 o311 53 oSan 5 aliann 5
S s e e ) slaess I 3l ol
edalie 0353 Jgod L) (b 5> (al 3l L) A oo
Al Blaes g 45 Ad Sdie pl rmen 50 o
5 ooy Gl L G b K s B
R NPV SR
oAl eadae gla g Ly e 0AS Rl
Sl sl K s s glea S s Sl
SR RS 1S 8 Ghle s e B2
Alijani et al, 2013;) Lles S Obs |, S5,
oyl » e (Farhadi2017; Sefidi et al., 2018
36 s ba S s b (Sl 4 51 658 oS bl
5 SSKen 4 e S Sl el OIS Sy oS
.(Nobahar et al., 2018) 553 o laesyg lla
G Lokl Sdmy Gatls (Stas o
skasOlid 5ol slad S 5 ol g1y sbaa S s
Slolp Sl b Saes Sl 5 o
ey S s plal il s sba S
Sl 5 sl pdsplen) B0 A 6
Kazempour Larsary et) Jas o oL J.<,> S

SS9 sk bl s eemes (@l 2017



YO)LA.:JLﬁJ.l?s Lio/we)jwjf >.ALC;ALA1AQ3 :

ssam el Loogsls gliS sle Lesls

Lfké". LS[J&‘:J); DL, JMJJA J.]GJ‘\.’ g:,...»‘ JJU LSLAA.:;

9 éﬁ 4)‘.)».; Js...vLA L;LZ‘;’-JJ ‘)j.,..é_>- 4\.'23[.: AM}: U’Lb

52 5 (el 55 Sl i 15 e SS T

ol osd M glaes g Jlle 5 Sy Cules

53 5l ol s CllSS Ol 5 el Eada

S e dol ) IS glaes s

S S Olge Oy e IS oS s

g5 sbli 55 S 28 esdle b sl

o b K s 0B, b gyl sba S

Ao gl g sl )3 (S Rl 03 5 5

89.;)‘ L;'ZP.-)J )JU 6[.@4.’; )}«é.?' u:..i‘)_e‘ Lst':"‘“) DL

Sl pesdhe 4l LSJ‘JJ)?"TJ.:S\ s sba Syl

00 2L bl S sl gadane SGJS B

DL Aile i o uj,SU PUR W )}.@IA d‘j:‘_;‘

ol R ST e e gl b sl

aan bi> gl g ol Caal hls e g3ose

S cblis odle (UK ol le s glas SIS

les s sl (Samn JRl3 Gl 5 s 55

Olgsas o o ;b 2ty s S o Qi""

Ko e gls b Sl e S S

2SI e sl

References

Alijani, V.; Feghhi, J.; Zobeiri, M.; Marvi
Mohadjer, M., Investigation of different
forest type’s structure with applying nearest
neighbor indices (Case study: Gorazon
district, Kheyrud forest). Iranian Journal of
Applied Ecology 2013, 2 (3), 13-24. (In
Persian)

Amini, R.; Rahmani, R.; Parhizkar, P.,
Comparison of developmental stages in
Beech-Hornbeam stands using non-spatial
indices of stand structure. Iranian Journal of

Forest and Poplar Research 2018, 26 (2),
156-167. (In Persian)

AR

Saals Ol 5 gad) Sl s S g8
e Ll 0 oS 35 gp ol Ben g 53 (S5 5
Lol s s apd Ko bl s Sty 005
Ol s slaal o Ll gl S 05,5 Sal,
V.A‘J_e S g0 cl.w 9 .,\.i:) 6[...0_9 )‘ JA[S LS"L"“j@"
é}""’ ﬁ U':"T"‘Jj‘ S do aaj.? )L’:?-Lw_j .Jj...::&m
spam 3,8 lge Ol plal (pl LS e oy
.Ja_ib,;& ozj}' gﬁ‘ 03 e 8 U’L\) )‘ ),:.C« d.lu‘b)f
.sjﬂ‘_;a R Slaa Sl s Ol s Sl el
Sl Sy paxli oS il ki 2l
s Jolse 5l a5 8 anTy 5l S e parls S
bl ol ssle 08 Ss 1y Lesls sode e
sldad o s slac Sl 5y Ol js slaws >
Ol s ad - Sle 5 it 503 Ol s s s
J3| gs:’.')J C)}LQ.IA L;Lﬁd.:}f L;:U‘J.e )\ J\.sb.?da obj.?
S sbesg ek &8 e e Olgsa s o4
b b3 0> Sy 4 e 93U 031 b ase]
FaS ax ST S ol sl i1, el slaes s
Ly W Ll syl 1y e Slsl 3 s s o 3
BE) oj.:jd.g Qt})J 6‘@)\.&." C}J e 6;]4; wl.w
5.3)3 dfh’" )‘ Lf'l?‘ J}‘jﬁ BL) CSU L;K"} éuobf
@3de e s gme il s a5 Lsd e
Brang, P.; Spathelf, P.; Larsen, J. B.; Bauhus, J.;
Boncéina, A.; Chauvin, C.; Drossler, L.;
Garcia-Glemes, C.; Heiri, C.; Kerr, G
Lexer, M.J.; Mason, B.; Mohren, F.;
Mdahlethaler, U.; Nocentini, S.; Svoboda, M.,
Suitability of close-to-nature silviculture for
adapting temperate European forests to
climate change. Forestry: An International
Journal of Forest Research 2014, 87 (4), 492-
503.
Burner, R. C.; Drag, L.; Stephan, J. G,;
Birkemoe, T.; Wetherbee, R.; Muller, J.;

Siitonen, J.; Snéll, T.; Skarpaas, O.; Potterf,
M.; Doerfler, I.; Gossner, M.M.; Schall, P.;



S Gl Sz 50 (SCI) Jlsle Saum sasli 5 0k slaaiss b

Weisser, W.W.;  Sverdrup-Thygeson, A.,
Functional structure of European forest
beetle communities is enhanced by rare
species. Biological Conservation 2022, 267,
109491.

Danescu, A.; Albrecht, A. T.; Bauhus, J.,
Structural diversity promotes productivity of
mixed, uneven-aged forests in southwestern
Germany. Oecologia 2016, 182 (2), 319-333.

Dee, L. E.; Cowles, J.; Isbell, F.; Pau, S.; Gaines,
S. D.; Reich, P. B., When do ecosystem
services depend on rare species? Trends in
Ecology & Evolution 2019, 34 (8), 746-758.

Ehbrecht, M.; Schall, P.; Ammer, C.; Seidel, D.,
Quantifying stand structural complexity and
its relationship with forest management, tree
species  diversity and  microclimate.
Agricultural and Forest Meteorology 2017,
242, 1-9.

Ellison, A. M.; Bank, M. S.; Clinton, B. D.;
Colburn, E. A.; Elliott, K.; Ford, C. R.;
Foster, D. R.; Kloeppel, B. D.; Knoepp, J.
D.; Lovett, G. M.; Mohan, J.; Orwig, D.A.;
Rodenhouse, N.L.; Sobczak, W.V.;
Stinson, K.A.; Stone, J.K.; Swan, C.M;
Thompson, J.; Von Holle, B.; Webster, J.B.,
Loss of foundation species: consequences for
the structure and dynamics of forested
ecosystems. Frontiers in Ecology and the
Environment 2005, 3 (9), 479-486.

Eshaghi-Rad, J.; Pak Gohar, N.; Banj Shafiei,
A.; Alavi, S. J., The Elimination's effect of
rare species on principle component Analysis
(Case Study: Jamand district, Nowshahr).
Forest Research and Development 2016, 1
(3), 257-269. (In Persian)

Farhadi, P.; Soosani, J.; Erfanifard, S. Y.,
Evaluation level of tree diversity in the
Hyrcanian forests using complex structural
diversity index (case study: beech-hornbeam
type, Nav-e Asalem, Gilan). Iranian Journal
of Forest and Poplar Research 2017, 25 (3),
495-505. (In Persian)

Franklin, J. F.; Van Pelt, R., Spatial aspects of
structural complexity in old-growth forests.
Journal of Forestry 2004, 102 (3), 22-28.

Gadow, K. v.; Zhang, C. Y.; Wehenkel, C.;
Pommerening, A.; Corral-Rivas, J.; Korol,
M.; Myklush, S.; Hui, G. Y.; Kiviste, A,
Zhao, X. H., Forest structure and diversity.
Continuous cover forestry 2012, 29-83.

Gustafsson, L.; Baker, S. C.; Bauhus, J.; Beese,
W. J.; Brodie, A.; Kouki, J.; Lindenmayer, D.
B.; Lohmus, A.; Pastur, G. M.; Messier, C.;
Neyland, M.; Palik, B.; Sverdrup-

Y\V

Thygeson, A.; Volney, W.J.A.; Wayne, A,;
Franklin, J.F., Retention forestry to maintain
multifunctional forests: a world perspective.
BioScience 2012, 62 (7), 633-645.

Harnik, P. G.; Simpson, C.; Payne, J. L., Long-
term differences in extinction risk among the
seven forms of rarity. Presented at the Royal
Society B: Biological Sciences, 2012.

Juchheim, J.; Ehbrecht, M.; Schall, P.; Ammer,
C.; Seidel, D., Effect of tree species mixing
on stand structural complexity. Forestry: An
International Journal of Forest Research
2020, 93 (1), 75-83.

Kazempour Larsary, M., Spatial patterns,
competition and spatial association of trees
from different development stages in mixed
beech (Fagus orientalis Lipsky) stands.
Journal of Forest and Wood Products 2017,
70 (2), 303-314. (In Persian).

Korpel, S., Degree of equilibrium and dynamical
changes of the forest on example of natural
forests of Slovakia. Acta Fac For Zvolen
1982, 24, 9-30.

Lu, H.; Mohren, G. M.; Del Rio, M.; Schelhaas,
M.-J.; Bouwman, M.; Sterck, F. J., Species
mixing effects on forest productivity: A case
study at stand-, species-and tree-level in the
Netherlands. Forests 2018, 9 (11), 713.

McElhinny, C.; Gibbons, P.; Brack, C.; Bauhus,
J., Forest and woodland stand structural
complexity: its definition and measurement.
Forest Ecology and Management 2005, 218
(1-3), 1-24.

Mohammadi, L.; Mohadjer, M. R.; Etemad, V.;
Sefidi, K.; Nasiri, N., Natural regeneration
within natural and man-made canopy gaps in
Caspian natural beech (Fagus orientalis
Lipsky) forest, Northern Iran. Journal of
Sustainable Forestry 2020, 39 (1), 61-75.

Moridi, M.; Sefidi, K.; Etemad, V., Stand
characteristics of mixed oriental beech
(Fagus orientalis Lipsky) stands in the stem
exclusion phase, northern Iran. European
journal of forest research 2015, 134, 693-
703.

Nasiri, N.; Marvie Mohadjer, M. R.; Etemad, V_;
Sefidi, K.; Mohammadi, L.; Gharehaghaji,
M., Natural regeneration of oriental beech
(Fagus orientalis Lipsky) trees in canopy
gaps and under closed canopy in a forest in
northern Iran. Journal of Forestry Research
2018, 29, 1075-1081.

Ngo, T. L.; Holscher, D., The fate of five rare
tree species after logging in a tropical
limestone forest (Xuan Son National Park,



YO)LA.»‘LL%JJ?‘ LXD/AMPjuMbg)J ;QLCQAL.LQB :

northern Vietnam). Tropical Conservation
Science 2014, 7 (2), 326-341.

Nobahar, S.; Sefidi, K.; Sagheb Talebi, K.,
Quantifying the structure of beech stands at
old growth phase (Case study: Asalem
forests, northern Iran). Forest research and
development 2018, 4 (1), 85-96.

Pour, M. J.; Marvi Mohajer, M. R.; Etemad, V.;
Jourgholami, M., Determining structural
variation in a managed mixed stand in an old-
growth forest, northern Iran. Journal of
Forestry Research 2019, 30, 1859-1871.

Puettmann, K. J.; Wilson, S. M.; Baker, S. C;
Donoso, P. J.; Drossler, L.; Amente, G.;
Harvey, B. D.; Knoke, T.; Lu, Y.; Nocentini,
S.; Putz, F.E.; Yoshida, T.; Bauhus,
J., Silvicultural alternatives to conventional
even-aged forest management-what limits
global adoption? Forest Ecosystems 2015, 2
(1), 1-16.

Rubino, D. L.; McCarthy, B. C., Evaluation of
coarse woody debris and forest vegetation
across topographic gradients in a southern
Ohio  forest. Forest Ecology and
Management 2003, 183 (1-3), 221-238.

Sabatini, F. M.; Burrascano, S.; Lombardi, F.;
Chirici, G.; Blasi, C., An index of structural
complexity for Apennine beech forests.
iForest-Biogeosciences and Forestry 2015, 8
(3), 314.

Sagheb-Talebi, Kh. Appropriate characteristics
of beech stands for application of close to
nature silviculture (selection system). Annual
Report of Research Project, Published by

YA

Research Institute of Forests and Rangelands:
Tehran, Iran, 2013. (In Persian).

Sefidi, K.; Copenheaver, C. A.; Sadeghi, S. M.
M., Anthropogenic pressures decrease
structural complexity in Caucasian forests of
Iran. Ecoscience 2022, 29 (3), 199-209.

Sefidi, K.; Mohadjer, M. R. M.; Mosandl, R.;
Copenheaver, C. A., Coarse and fine woody
debris in mature Oriental beech (Fagus
orientalis Lipsky) forests of northern Iran.
Natural Areas Journal 2013, 33 (3), 248-255.

Sefidi. K., Closer to Nature Silviculture,
Concepts to ecological management of forest
ecosystems, University of Mohaghegh
Ardabili Press: Ardabil, Iran, 2023.

Seidel, D.; Leuschner, C.; Scherber, C.; Beyer,
F.; Wommelsdorf, T.; Cashman, M. J;
Fehrmann, L., The relationship between tree
species richness, canopy space exploration
and productivity in a temperate broad-leaf
mixed forest. Forest Ecology and
Management 2013, 310, 366-374.

Violle, C.; Thuiller, W.; Mouquet, N.; Munoz,
F.; Kraft, N. J.; Cadotte, M. W.; Livingstone,
S. W.; Mouillot, D., Functional rarity: the
ecology of outliers. Trends in Ecology &
Evolution 2017, 32 (5), 356-367.

Zhang, S.; Zang, R.; Sheil, D., Rare and common
species contribute disproportionately to the
functional variation within tropical forests.
Journal of Environmental Management
2022, 304, 114332.



Forest Research and Development, Vol. 9, No. 2, 2023

Rare species impacts on structural complexity index (SCI) in the Hyrcanian beech
forests

K. Sefidi”

- Professor, Department of Forest Sciences and Engineering, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, I. R. Iran. (kiomarssefidi@gmail.com)

Received: 07.01.2023 Accepted: 03.02.2023

Abstract

One of the most important goals of the ecological management of forests is to enhance the complexity
of the structure of the forest stands. Also, despite the recommendation to increase mixing, the
consequence of the presence of rare tree species on the forest ecosystem functions has not been well
clarified. This research was conducted to analyze the presence and abundance of rare tree species on the
structural complexity index in beech stands. the number of 12 one-hectare study areas with the presence
of rare tree species was selected and after measuring the structural features, the multivariate complexity
index was determined in each of the plots. We employed ten variables including stem per hectare, mean
diameter at breast height, coefficient of variation of dbh, diameter Gini coefficient, number of trees with
a diameter larger than 100 cm at breast height, the ratio of the number of trees in different stories, the
faction of canopy gaps, amount and volume of dead woods and tree size variation to the calculation of
this index. Comparing the correlation between the relative importance value of beech, Maple, and other
rare tree species with the structural complexity index revealed the differences in complexity variation
toward the rising in the abundance of tree species. Accordingly, beech and hornbeam, as the two
dominant tree species with the highest relative value, are weakly correlated with this index. While the
maple and other rare tree species including alder, elm, and lime positively correlated with increasing
complexity in the structure. According to the positive effect of the presence of rare tree species on the
complexity of the structure of forest stands, it is recommended to the retention of rare tree species in
stands to increase the complexity of the forest stands structure.

Keywords: Tree size variations, nature conservation, rare tree species, ecological forest management,
Closer to nature Silviculture.

* Corresponding author Tel: +98912726406
219



