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1- Stand Visualization System
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Figure 1. Location of Havare-khol village in Iran and Kurdistan province
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Table 1. Statistical indexes of trees and coppices properties in Havare-khol forest
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Figure 2. Distribution of trees and coppices in five cm diameter classes. There is no significant difference
observed between diameter classes denoted by same letter (Chi-square test, a=0.01)
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Figure 3. Distribution of trees and coppices in 2 m height classes. There is no significant difference
observed between height classes denoted by same letter (Chi-square test, o= 0.01)
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Table 2. Amounts of the measured properties in the plot 1
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Figure 4. Horizontal structure of a 20x20 m? plot at a distance of 300 m from the Havare-khol village center (plot 1)
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Figure 5. Vertical structure of a 20x20 m? plot at a distance of 300 m from the Havare-khol village center (plot 1)
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Figure 6. Horizontal structure of 20x20 m~ plot at a distance of 900 m from the Havare-khol village center (plot 2)
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Figure 7. Vertical structure of 20x20 m“ plot at a distance of 900 m from the Havare-khol village center (plot 2)
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Figure 8. Horizontal structure of 20x20 m” plot at a distance of 1500 m from the Havare-khol village center (plot 3)
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Figure 9. Vertical structure of 20x20 m“ plot at a distance of 1500 m from the Havare-khol village center (plot 3)
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Table 4. Amounts of the measured properties in the plot 3
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Figure 10. Horizontal structure of the Havare-khol forest in a 20x80 m? plot (plot 4)



\a) VFeo OMU5)L¢(;/\V oyl /wts Jlos oyl gl K wlidps

(F o5los dges dzlad) (60 Vo X Ae dlal b dadad G o Jpa)\}h S $390 Hisle =3y s
Figure 11. Vertical structure of the Havare-khol forest in a 20x80 m? plot (plot 4)

¥ oylosds diges dzad 1> oud (6,505l sl Shg 4 basye polie —0 Jgio
Table 5. Amounts of the measured properties in the plot 4

(e ) 2 oo () g (m 5le) i 1 o5 S5
AAYAYS vio A
< I¥¥ -0 oS
/¥ (£V/AF) YISY (2VIYA) Y/AA (£¥/A) (lome olizdl £) :Sole
£ Sy alol dlass Wges dalad 3l olus

9 Mud 9 OL@"L&:PI) 9 Lé:m: O\)bﬁaﬂg P pd )‘\ LY
Cundy ol o 1 58 o 518 oolatwl Dyge <y
S bl plo 4 Cows |) bcwwd () (o050 3 Lo
ool ol candly SR> Jlo) Jlslo 4 310055 5 e
Jssolsp JSix o9 45581 9 o o5 s ol
35 cwlio pyd 5l ol (g05ee lBle &5 dad o ol
cel o a5 G der 5l Glele 5 ) alold
dlsee eyl olib o awlbe STy s B aless
K ‘_’,.3.\ » ol u.cl.é}')l uwf\); dnld 5 Aol Qils
99 9 (ywo l) (4JL7 o.))n)l 09> 4> 6'9‘9) 4&1:, Ji) )L)L'i
2930 2 (V) Ghler 9 (Slagd g canl 03,57 (Bpme 49831
2 ok Gl i) 5 S Sl & Ly ols
G0 cpl s da ja )l Slgtten wd eyl sl Sis
o bla w9 wgSisl 9 oaiadlis
(S0 )L>L» ‘w; O yge0 Lﬁ“"m ("E)LJ dA-b 9 “\““’LU"
g b bl sl o 19&¢9Sw|534§.bJ£.>)3
SR ol e bawsi (w5 59) Srcuwa (uilS (BL
b S bl e e buwg cws ol é\a_99 Js3o0,lsn
b)) glite 1y S 93 32 53 (g g8l 93 e
Cglite oged 4wl ol RV Cnyiere Jldged
s s 3 0,8 o)lil adlaie g3 0 K>l (o)l o e
‘.\.'Suo S92 JLw.on J|)4>Lu) fUéJ )‘ PLgH ob)o)] 0j9>
i e g9 039 Jdo 4 ol el LS 0 e
Pl SR A8 (e oS Wi oo gad ipbgr bawgs pl>
9 3l =55 ol liwgy bl il sl o
M55 5 005 ety Jomadl 4515 (puli S5 a3
O Ol sl &5 (VF) 3900 Jlosl €85 (g9) Jluen
el b @l ol edie (o)) g9 (05 yidn 9 SR>

2 oogde gy (Sodp > SR (g S5 LY ]

siateds SR> (3 0w )l @ Ol fb Gl 9 G
(M) s> 3905 0,L31 355 gl 5 (65,508 sl slog
el colue (YO) o)Kex 4 Valipour 4 (YY) lodle
slody I i wdyicws slaeds o ) by
Taw ili8l Mgy 4 dsgl b S o lgie 0dye5Cund
Jorlon (liwg) & Cuns alols (Ll b Gidy &b
bwgy (Se3 »» SR (53)95Cuwd &S 2900 pasudie
Ol @ & bgy 350 5l it Joled 5 g 039 yide
S e S gols & Moo (Ll (52,8 Cund
s &) 4 deg b S e b 1y padse ool g
e Jole (Ol (sl Cansg) S g390s
sl Sasl ply » Ko sy Cwglie syl
rend & S g on (V) ol (b g b
lo Sisl ol iy 5> Mt Sl dw oS St
Ll (s3g0e slo &8 i 5 olaceand Ll .55 5pglia
2 ki g Wil dpge S il oSl aw Lol
L 03 )53 Cawd yieS b g 0dy555Cmd &S Sis 5l b
sobilon Kgd oo Bl L) JL3 Heullcms sblie L 4
5 Jold Iz ol oges Sl A3 lye mls p» &S
S (e w9 Sy kb Slib) Wil (ol sl
ab S Ll il Ko g ail g Sl
S 3l g g (e gy W) adb) S o)l
Lilgo Ly (ol (olis)l il 53 4 o (508 STy
b Sy 08 ol CgSl 9 LS5 3 @d)lge 3
oSl 4 deg bl o ded e S5 ) el
slote 0881 S lgiear |y ol plgiees ol S 2l
ol el aib ) & bl bl i,
2 e ey 4l dw [Six (s3g08 Bl gl 0
dgde ohd SR I lacend )3 g yieS b opl wix



A s ()R 0t b bl > Jled S5 sla S (g3505 9 (81 )l Lo

L',g.\ Sl b &S sl (xR0 dguds &y &)1l dl)?l alos |
9 Uhey 2lb g Wb Rl JSix 3 ply g 0ged
ey & ol dere g IR Hlslo (o )55 il jolated,
1y Sl oy et ) oo bl 08l Ly, o35 blis
B oges lgie dibaio o Jad slacus,s dbul ol o
S ol ) e slac oot ) ol Lt Sl
2 e 4)b S Glasouas lalad aad JialS dalate ol )
I P
oSl bxe pope 4 5 & b claatulgs o lajls
pis Og.l).ft.f .))5 _\mly'u’ 05«;5 3% Lo dLmJi:? o.\;.’j
brl LY> yiere I S Ol ) S8l arey
Bl Caily oS JSbay [Sin (dgee 5 i kL
S ple Al (KBl g @lge (35 Sl

A8k Sse Joojlgn i

IS (6 5 do
oges 3551 b e p3 e 45 il ol e gl ]
S5 4 S sl el grga el (i ()l
Bies looged oyl S561 &5 0 Lasede 5 Blosd ieiS
bl (o sl 9 (S5) plialapls 435 jlatesy
Jooslen sliwgy 3 paye ol Jad Sul 4 42y
ol s K 4 uday Ll Cuduso 9 Cusl (g)lael>
Ph il g SN ol pll & e |y 1 el
Copa by Blue opl 1l 4l oges b i bis (ol
2 g0 Ui cilaie elaal iy b Bk 5 o
ansly Sl ol b plan 1l S Copie el
o3 3l 4S8 0d 0515 g gl €Sl 5 oo
SRzl ooy pogMe g 398 Joawi S 4 Wl

caslio cloel, I Sy i m plogl 56 1y o 5l el

10.

11.
12.

13.

14.

15.
16.

17.

gl g )els 0555 (glyy oo slagy;Rols sl Wlgi e

&l
Abdollapour, J., A. Valipour and M. Lotfalian. 2019. The role of forest products in the livelihoods of the
local communities of north Zagros forests (study: Kurdistan and West Azarbaijan provinces). Ecology of
Iranian Forest, 7(14): 90-100 (In Persian).
Ahmadiyan, Z., S. Gholami, E. Sayad and M. Taseh, M. 2015. Spatial evaluation of forest structural
features in zagros forests (Gahvareh Forests, Kermanshah). Ecology of Iranian Forest, 3(6): 55-62 (In
Persian).
Daneshvar, A. 2006. A study on horizontal and vertical variations of structure in a natural beech forest
(Gorgan, Iran). MS thesis, Faculty of Natural Resources, University of Gorgan, 98 pp (In Persian).
Dufour-Kowalski, S., B. Courbaud, P. Dreyfus, C. Meredieu and F. De Coligny. 2012. Capsis: an open
software framework and community for forest growth modelling. Annals of forest science, 69(2): 221-233.
Fattahi, M. 2001. Zagros forests management. Research Institute of Forests and Rangelands, 471 pp
(In Persian).
Ferreira de lima, R., A. Adalardo de oliveira, M.Z. Martini, D. Sampaio, V.C. Souza and R.R. Rodrigues.
2011. Structure, diversity and spatial pattern in a permanent plot of a Resting a forest in Southeastern
Brazil. Acta Botanica Brasilica Journal, 25(3): 633-645.
Ghahramani, L., P. Fatehi and H. Ghazanfari. 2007. Structure of Baneh Forests. Abstracts of the 2"regional
conference on the results of the Agriculture and Natural Resources, Iran, 4-7 March (In Persian).
Ghazanfari, H. 2003. Investigation of growth and diameter distribution changes in Quercus libani- Quercus
infectoria stands to offering forest regulation pattern in Baneh region (case study: Havare-khol). Ph.D.
thesis, Faculty of Natural Resources, University of Tehran, Karaj, 81 pp (In Persian).
Ghazanfari, H., M. Namiranian, H. Sobhani and M.R. Marvi Mohajer. 2005. An estimation of tree diameter
growth of lebanon Oak (Quercus libani) in Northern Zagros Forest (Case Study: Havareh-Khole). Iranian
Journal of Natural Resources, 57(4): 642-649 (In Persian).
Hassani, M. and M. Amani. 2010. Investigation on structure of oriental beech (Fagus orientalis Lipsky)
stand at optimal stage in Sangdeh forest. Iranian Journal of Forest and Poplar Research, 18(2): 163-176 (In
Persian).
Heidari, B. 2005. Survey of the forest structure in natural and destroyed stands in Baneh region. MSc
thesis, Faculty of Natural Resources, University of Mazandaran, Sari, 75 pp (In Persian).
Heidari, M. 2011. The study of horizontal and vertical structure and determining the suitable inventory
method in Norther forest (Case study: Balake forest). MSc thesis, Faculty of Natural Resources, University
of Tehran, Karaj, 63 pp (In Persian).
Heidari, M., S. Zabiholahi, M. Namiranian, N. Mostafa Soltani, N. Shabanian and L. Ghahraman. 2013.
The effect of two traditional forest management practices on the vertical and horizontal forest structure in
northern Zagros forest (Case study: Oak forest). Journal of Biodiversity and Ecological Sciences, 3(4): 177-
186.
Hosseinzadeh, J., M. Namiranian, M. MarviMohajer and G.H. Zahedi Amiri. 2004. Investigation on
Structure of less degraded oak forests in Ilam province (Southwest Iran). Iranian Journal of Natural
Resources, 57(4): 75-90 (In Persian).
Jazirehi, M. and M. Ebrahimirostaghi. 2003. Silviculture in Zagros. University of Tehran Press, 560 pp (In
Persian).
Mattaji, A. and M. Namiranian. 2003. Investigating the structure and evolution process of beech forests
natural stands in north of Iran (Case Study: Kheyrood-kenar, Noushahr). Iranian Journal of Natural
Resources, 55(4): 531-541 (In Persian).
Mohajer, M. R. 2005. Silviculture. University of Tehran Press, 435 pp (In Persian).



Yy

18.

19.
20.
21.

22.

23.
24.

25.

26.

Wer planli g jle /WY osled fats Jlo gl sl Sia (oulidps:

Namiranian, M., A. Henareh Khalyani, G.H. Zahedi Amiri and H. Ghazanfari. 2007. Study of different and
regeneration techniques in northern Zagros (Case Study: Armardeh oak forest, Baneh). Iranian Journal of
Forest and poplar Research, 15(4): 386-397 (In Persian).

Paluch, J.G. 2007. The spatial pattern of a natural european beech (Fagus sylvatica L.) silver fir (Abies alba
Mill.) forest: A patch - mosaic perspective. Forest Ecology and Management, 253(3): 161-170.

Pretzsch, H., P. Biber and J. Dursky. 2002. The single tree-based stand simulator SILVA: construction,
application and evaluation. Forest ecology and management, 162(1): 3-21.

Sapkota, I.P., M. Tigabu and P.C. Oden. 2009. Spatial distribution, advanced regeneration and stand
structure of Nepal Sal (Shorea robusta) forest subject to disturbances of different intensities. Forest
Ecology and Management, 257(4): 1966-1975.

Salehian, M. 2009. Investigation and Comparison of forest structure in harvested and virgin forest stand in
northern Zagros Forests. MSc thesis, Faculty of Natural Resources, University of Kurdistan, Sanandaj, 75
pp (In Persian).

Tang, L., X. Peng, C. Chen, H. Huang and D. Lin. 2019. Three-dimensional Forest growth simulation in
virtual geographic environments. Earth Science Informatics, 12(1): 31-41.

Valipour, A., M. Namiranian, H. Ghazanfari and M. Mostaffa. 2008. Comparison of two forestry system in
Havareh- Khole and Armardeh forest in Baneh region. Journal of Forest and Rangeland, 79(1): 32-37
(In Persian).

Valipour, A., T. Plieninger, Z. Shakeri, H. Ghazanfari, M. Namiranian and M.J. Lexer. 2014. Traditional
silvopastoral management and its effects on forest stand structure in northern Zagros, Iran. Forest Ecology
and Management, 327: 221-230.

Youngblood, A., T. Max and K. Coe. 2004. Stand structure eastside old-growth ponderosa pine forests of
Oregon and northern California. Forest Ecology and Management J, 199(4): 191-217.



Ecology of Iranian Forests, Vol. 9. No. 17, Spring and Summer 2021 ............ccooiiiiiiiiiiiii e 74

Horizontal and Vertical Structure of Northern Zagros Forests in Relation to
Traditional Forestry System (Case study: Havare- Khol Forests)

Soroush Zabihollahi', Omid Fathi Zadeh?, Abbas Jamshidi Bakhtar®, Naghi Shabanian®
and Manouchehr Namiranian®

1- Graduated PhD Student, in Forestry, Faculty of Natural Resources, Ilam University, Ilam
2- Assistant Professor, Department of Forestry, Faculty of Agriculture and Natural Resources, Ahar, University of
Tabriz, Ahar (Corresponding author: omid.fathizadeh@yahoo.com)

3- Graduated M.Sc. Student of Forestry and Forest Ecology, Faculty of Natural Resources, University of Tehran,
Karaj

4- Associate Professor, Department of Forestry, Faculty of Natural Resources, University of Kurdistan, Sanandaj

5- Professor, Department of Forestry and Forest Economics, Faculty of Natural Resources, University of Tehran,
Karaj

Received: 27 December, 2019 Accepted: 26 July, 2020

Abstract

Forest structure, as measured by the physical arrangement of trees and their crowns, is a
fundamental attribute of forest ecosystems that its measurement can serve as indicators in
ecosystem management. In this research, the horizontal and vertical structure of a part of the
northern Zagros forests was studied. For this purpose, conventional region forests of Havare-
khol village in Baneh city was selected and sixty 20x20 m? plots in a grid of 200300 m? by
randomized-systematic method were established in an area of about 345 ha. In each plot,
diameter at breast height of all trees and coppices thicker than 1 cm, height of trees and
coppices, two crown diameters, crown height and spatial locations of all trees and coppices were
measured. SVS software was used to display the horizontal and vertical structure of the forest,
and stand statistical indices were analyzed using SPSS software. Distribution of trees and
coppices in the height classes showed a two-three storied forest structure in Havare-Khol with
the highest abundance in the middle story and the lower abundance in the overstory. The highest
distribution of trees and coppices in Havare-Khol forest were within 2-4 m height class and
more than 84% of stems had less than 4 m height. Most trees and coppices were less than 10 cm
in diameter, indicating a young forest for Havare-Khol with a low diameter distribution range,
and a low abundance of thick and old stands in the forest. The horizontal structure of the forest
showed large vacant patches and discontinuities of the canopy in the nearest villages that the
amount of these empty spots is gradually diminishing as they approach the conventional region
border. Also, the vertical structure of the forest shows that in the areas closer to the center of the
village the trees and coppice shoots are more concentrated in the middle story and understory,
and the greater the distance from the center of the village, the higher the presence of trees in the
overstory. Overall, drawing the forest structure showed that with increasing distance from the
center of the village, the diameter at breast height, height and area of canopy cover and coppice
shoots increased.

Keywords: Baneh, Customary units, Northern Zagros, Forest structure, Havare-Khol, SVS,
Traditional forestry system



