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Figure 1. The location of the study area and distribution of stands in Chaharmahal and Bakhtiari Province
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Table 1. The surveyed stands along with key characteristics of their anthropogenic stress levels. The

characteristics of each stand are the average of all sample plots in that stand
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Table 2. The average change in the measured indices of the stands. Based on the range of change, these indices
were classified into 3 or 4 levels
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Table 3. F-values of the one-way ANOVA for the measured indices in the studied forest stands. The degrees of
.freedom for forest stands and error were 10 and 67, respectively
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Table 4. Classification of the stands into levels of the measured indicators. These classifications were used as the
number of blocks to be included in the analysis of variance
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Table 5. The F values and degrees of freedom (df) of the analysis of variance were calculated for the changes

that occurred in the seven indices at different disturbance levels. Stand was considered as block. In all cases, the
effect was significant at greater than 99% confidence level and therefore was not indicated in the highlighted

rows to avoid repeating asterisks

B ladisS slass N
S50 Sleaigs slaws G S5 ; . oSl olass Cinligy oy el a8 O g9
S PnE disturb
F ©of F DOF F o F & F _d F _Df __F__ Df _ouma®
0.13 2 7.69™ 2 112 2 1.88 2 0.08 2 0.39 2 041" 2 “':“d”'_
E— E— Cultivation
0.13 2 67.66 3 19.85 2 19.08 2 18.65 3 34.16 3 44.78 3 s;;; d
0.27 1 0.01 1 0.24 1 456 1 0.08 1 0.04 1 0.04 1 Grazingl~
30.50 2 77.24 3 20.95 2 18.20 2 17.30 3 34.21 3 34.21 3 s;;; q
. Lisgy 4y (Soo3
0.59 2 4.34 2 077 026 | 253 2 0.68 2 0.82 2 0.89 2 Proximity
to village
28.36 2 90.84 3 0.00 15.88 | 20.46 2 19.52 3 41.20 3 60.03 3 S;;;’; d
ool> 4 ;55'-‘9}“
0.14 2 0.08 2 0.39 2 247 2 0.05 2 0.15 2 0.20 2 Proximity
to road
24.62 2 69.73 3 20.85 2 18.27 2 16.46 3 31.25 3 5757 3 s;;; q
2.06 1 0.67 1 0.02 1 1.49 1 0.00 1 84.54™ 1 0.28 1 ublp
- Protection
3354 2 79.12 3 13.63 2 18.97 2 22.94 3 32.64 3 60.18 3 s;;ﬁ q
“ statistically significant differences at 99% confidence level ool bl sy 3 S5l by s ime sl

20
18 a
16 I
-
:q\ E 14 +
—_ 12
]
%ﬂ £ 10 A b b
2 8 - I I
159
o]
4
2 -
0
LOW sl Middle Loy High YU
«__335.&1 P C.«.:‘;;, cb...u

Understory Cultivation Level

e e ol cely; el Slids o 1) (s o ks (Sl ales lusbl 00,0 A0 L aS (S5 oyge)] Ao - S
aizewd o laibinl glas &lis Uas sloals g o gme Dol o sloygiw polie glixedy S i 3y B9 >
Figure 2. Results of Tukey's test, showing differences in mean diameter of trees at different levels of understory

cultivation at the 95% confidence level. Common letters refer to column values that are not significantly
different, and error bars indicate standard errors



G55y oS5 bl glaKim Lale i sansSobnl jlunladl Jelss 551 Sl ¥5q

9 -

‘] [

7 -
— - =
oA
33, | |
w =
15

g

~ E3 A

2 -

1 -

0

Protected sas Sbilia Unprotected s Silia

cBli> cundg

Protection Status

ao,y WO L aglaie (Y By b gt 99 . Sed g5 lawgs bl da b 50 jo lis o glay )l dlae -V S
s 8 lailiw! glas &lis Uas slaalo g ailesglate g bl laals!

Figure 3. Comparison of tree height in the two protection classes by Tukey's test at the 95% confidence level.
Common letters refer to column values that are not significantly different, and error bars indicate standard errors

9,
0]
8 1 ®@ O o
)
;Eﬁ- ® o @ Oooo
185 - & © © o ©
o 0O OOOO
14 Pap&® o
3 @]
)]
2 1 1 1 1 ]
5 10 15 20 25 30
Fo il - Hhad

Diameter (cm)
(B slooply) casicblax g (g5 oo pld) cadcblas diges lakad LS o glay )| - ka8 blas sy, -F S

Figure 4. Distribution of tree diameters-height points for protected (solid circles) and unprotected (hollow
circles) plots

Sodg jab rar 5,8 o pll eS G olass 05 8 L 2 10 S Mo lawgie Ll
Gz Slasd gl lo dbiwg, 5l i A L S slass jals Jsle oy Jol as wols las gl
(O JS2) s 09,5 Sz 0 )3 (5 5eS g liasls Condy (Slug) R i 5 i

L oz p) i celyy cwl oSl y celys



YV YVF B YEY domio V¥ 50l ¥ 6yl (ool Jlo o) SlSan el o) JSi dlone

14 8
2 A
12 1 7 a EJ
510 b g6 ]
= z a
L L 3 %s
2 E g 2 B- I
| a3
= . =4
=6 =
i N I
7 4 Z,
2 1
o o
Low p¥ Middle lawgie Highabj Closeua y Midrange ails Distant yg0
weSil i celyy mhaw Leve, 3l alold

Understory Cultivation Level

Proximity to Village

S5 o3e3] Lawsgs () el b 5 (Al Ly 51 alols ails s 5 05 Tl 1 10 Con Sowd uSilee dglie -0 S5
i ] (cllas &Lt Uas claalis § wiloglicis g bol (ylipabl 0oy A0 b aglitie (53Y (g, b (gloygies

Comparison of average shoots-per-stool in three classes of (A) proximity to village and (B) levels of understory
cultivation by Tukey test at the 95% confidence level. Common letters refer to columns with no statistically

significant difference, and error bars indicate standard errors

Selw - éﬁ)l_: 4> Lo i ol aS aes o
Lo iz u_,‘ I ilasly sxbeglas slo K>
Sl ;o Sy Ol pesd (28,5 Sl 55 90
Sl Jlaisl ol by Sl Sa 5 ol
gl 5 LT Aol @ azgs L 1) o 55 slo S5
P PRVE SRV RCS R B
slodliz slaosys 0 olyj o515 g9 9929 L
o=l Egorme yo a S oly HLis il ¢ )y ST
L g ok LSS s y0 oSTo 5l b S
DiloS St (LS o al ol VY- L gie
(o=l 9925 L i )l0S o iuled @ adhaie o ) Sl
Oglate Lo K> ool (g b5 le slo aslis Kooy
390> Cawg 4SS 51 8 aas o oLis a5 wisg
Canglio ialS jasls Ll o asladasks b S
A_J‘)_H.su u.\_wl.a ‘Ssu.».'a EM LngW?S‘ U"‘ 5o
300,25 )18 e b K> g lele sl azls
slapasld 6,5l 50 5 Gl sla S
@L{bb&» ‘;o)?wo v (i Sl g Sl
S5 A g 3,0 1) (0l Sy 08 Jeily &S
(Keren et al. 2002) cwl oais ails p3Y o515
slaas s s pSojlail gl) 5 (i slagby, 4l
(Jarrar, sluy (s,5L3 5l oolawl b oylgs o 1) (g il
P85 il eay (Jarron et al., 2020) o 42021)

gl L labiwgy oy STy (=g, Al o

Sl yidoy (rmb lie (L2l @ (gl (Sl
5 P Syslaer b el) g sylals 5oyl 5l 1) 095
29 5 (o SlaptnnsST o (LS )0 alad
5 Sy LS 2 e plpl S oo el (IS
St S sla Kz ol lub doj e rticde
bl 5l o s jo g cwl oolidl , s a4 5bls
el (A laodgs (o550 5 (Job ablis Ll
S il b 5 s )glly b Jisee JJo 4y cbogly
Jazirehi & ) ceul oo 7,5 055 o2 >

Ebrahimi Rostaghi, 2003; Alijani et al., 2013;
.(Abedi, 2021; Zabihollahi et al., 2021

3 >l des g0 0 aS Sladew sl a4 )8

el slLa Kz cm B = Sie Jelss ogas
039 wladeS 5 slaosls bl caslais 3 olo!
S50 Ll asg b 1) Ll mlaw  talS ol s
Amini etal., ) wlosls |13 Boa 21 slas 0,8

2008; Arekhi et al., 2013; Nagahdarsaber et al.,
2016; Naseri Rad et al., 2019; Japelaghi et al.,

oladsy ol .(2022; Sedaghat et al.,, 2022
Jeslugll gla i a5 s o i o9 a

o (S5 g 25l celyy el Sl J
Jaalize Slej slaosl o e8> bls )l slal,



G55y oS5 bl glaKim Lale i sansSobnl jlunladl Jelss 551 Sl V)

Ceel)y i 4 el osdans) Jlo gime glacglas
DBl o i Selyj dad oo by e o5l
033 yioS Cawr Jai b g 5 jokd (L )0 L sloodgs
Sle ) A5 88 s isS iyl Ol sn |y BL3 | el
5 corle (28LS Gaa L oy Sz (3,5 S5 |
sy gl | oyt gLdd (il o
5 AndS Slidon gl .aiygl oo Cowddy Sl 5
Oleany 038l coely 48 08 o unl o ST
g 3l (=2l oo 5o (55 Sl (el
Amini et al., 2008; Sedaghat et ) wila_ulS b >
1) 0355 o0 Jsmarms 5 oS o _asLs | @l., 2022
.(Soltani et al., 2020) wlosls J55

S iy Sl g, & 55505 sla [
29y pr d oy Sl g wiidls 4l 2 0
Jo—oxe yobd aSl 58 Lol calll ofjails
Sop glesy oSiln; )0 i =) 4]
PYL A L aoe (pl g 0 0090 Liwgy &
Lamls onl Jlo ol Loyl Slyteen Gudoss (ol
el a8l (Zabihollahi et al., 2021) sleazsl
e B a S el ol ol ay ks oyl
)0 gyl alols ol aiid (pl (o a5
L > sloosegs bl ash ool oo a5
el 00 ey alB o & g0y Liwg, 5l alold
O3 B Gl o aslllas wxly ed o
9 e &>, (Zabihollahi et al., 2021) L3
el 0093

VY oS iblie 5 mpiod oyl o oLzl G5
2 Gylel mdly ;i wogs sas o bla> Jlw
L gie Lo ois sans K> g 5le sl asls
Jsbay oo s blis Lmosg o s s glis)|
Crprnd Sty Aol ol 0l il (g5 e
Jla VY sy S ol Lins 0l a4y Wlgi o il
ST Sty o Sz Sl 53 s Slml sl
ity @5 e 0355 IS Lgly s 65 3 5
siny) yslome sla Uiz ooyl cbli> 5 _glie

009 Jled 28 L aS ols lis gl fyes j0 0,5
59 bog s gl )| g jlad lawgin 1o Cglas dosgs
@log 95 Sl Bl e 1) am Gl a5 395
S s Sz (pl (S5 85 2 0 et g 0L
iy Sl oM b aiilgi e olasls sl S
Miillerova et al., ) oo s g0 g bl >
oz 0 oS o plwl cpl owy o Hlas 4, 42015
el 0093 Jlg3 b ol yon 03D oy 2 slmJi;? 5o
Oizmen g L) o515 o OleSs 4 4z g L
G Ele Gl asls s gl Koo wilate il
(PLS Glalarer Gle g gob @ (g e |) JK>
BaisS Jiske Jelse s 5 5 ST Ll
39S Syly Ly el bgy o s Alslas 51 o5k
J—dos o Bolay s laicay | > s
Ol Jlas an addllas ool (B0 iy (il g
5 SLe (BS99 liosgse Jolse 5l (2L slacslis
alzlos )1 ‘5.....»[.: ‘SL—QW ‘_gl._.(b).:l Lerg doalin 9 (-
5 ailate Cans od, e a5 ol lis ls g Ll
30 e sl s a5 95 0 ol Dol
15 0asiig Syl sla as s (lél (| Kim s
g 00 ath S 15 (sl i Jelse ol
3 Olssise |y famdge oyl sl i 1) (g)lo soe
Ol ol o 4 6,5k 9 Suaglie Jdoay o Al
L el ol ity ol (25 Ll b b S
- slyasls sl K> as o)l (5,55l PLYEP o)
b sla i ply 50 6l ol o 5YL
5 (Vacik et al., 2009; Bottero et al., 2022) a5 ls |,
Laoogs Sl SuselssT 5,510l 4 1y o] oo 540
Sl Jelse 51 36 a0l gla i 8l s 5l e
(Salmani et al. 2021; Pourhashemi & sls cu—s
zl ol &yee 0 Alimahmoodi Sarab, 2022)
Gl Gl msls coulus alS o ouwb
i BagicnssST ol oL Ll s g Ko



Y'Yy YVE LYY oo NF-Y 50l oF 6 led el Jlo (o) pl SLdSKis ezl (ol ] Ko dloeo

Ll sl Sl (6ol Jlazol o8 wlecs 5
Do o 0dalie Wodgl (pl yiin o aS K> 8
SR LI WA VI RGPS VR SR L TR V- 80
L 09, &lid doodgs oy 3l Jis o JKo o515
L S (il e (S Ol 9 S92
Cel)y o Gial3 8 L Lwg )y 40 (S005 090 o0
et bl Jole (g0 j2 g 00 Sen gSil 55
Fomee ol (A 455 5 lez slaeg S
3 =il Olodms Godod ol aewl oad lojen
Hy 0SS oo, |, K> S oSl el
L sle o ala anuos o Lay sl ) sloasy
S (o0 St 9Siln el
3l ol

Je .);).Q‘_u & sl L_,>JL4 wLo?lJ&.ﬁ.?u Q—.’.‘

ol 00 pll

References

(Pourhashemi & Alimahmoodi c.ul ool cawsay
B g cblas dx i a5 a0 ka3 4y Sarab, 2022)
(5 sele Glaatls o ST ez
obles aos Jlozr Jlhao 3l e (292 05T 50 oag%
J= = ,» .(Nagahdarsaber et al., 2016) 55— oo
soicbili> sblis 5 ols s haugie glis)| il
Looog 5l cblas L aS o il Lise ool 4 ilgs oo
9= lgdel GBS )3 (B gare 10 Dol 4 (g0
Ss caS sabcdatlbre slaosgs duny oo lai
L) ) Gl a5 wlos ol w525 4 1 (55

sl o009 QL..’})D yoiaid

Tobaw a5 wad o0 GLS Zadsa GioS (nl @l

35— 5 Slspludl gla i saSoln | a Lz
E9-5 ogan (S s sl slaasls yuin
Alos S Jee LSS GoSil slaws g 292 plalS
St g e 5l s Lo S o0l L Vo

08 ol o300l 51 ey agl s o o s oy

Abedi, R. (2021). Effect of exclosure on density and diversity of natural regeneration in mixed stands
of arasharan habitat. Iranian Journal of Forest and Range Protection Research, 19(1), 167-177.
(https://doi.org/10.22092/ijfrpr.2021.354186.1476). (In persian)

Alijani, V., Sagheb-Talebi, Kh., & Akhavan, R. (2013). Quantifying structure of intact beech (Fagus
orientalis Lipsky) stands at different development stages (Case study: Kelardasht area, Mazandaran).
Iranian Journal of Forest and Poplar Research, 21(3), 396-410. (In persian)

Amini, M.R., Shataee Joybari, S., Moaieri, M.H., & Ghazanfari, H. (2008). Deforestation modeling
and investigation on related physiographic and human factors using satellite images and GIS (Case
study: Armerdeh forests of Baneh). Iranian Journal of Forest and Poplar Research 16(3), 443-431.
(In persian)

Arekhi, S., Jafarzadeh, A.A., & Yousefi, S. (2013). Modeling deforestation using logistic regression,
GIS and RS case study: northern forests of the Ilam province. Geography and Development, 10(29),
10-13. (https://doi.org/10.22111/gdij.2013.118). (In persian)

Azizi, Y., Akhavan, R., Kia-Daliri, H., & Soleimani, R. (2022). Effect of management activities and
aspect on tree, soil and biodiversity variables of tree species in Dinarkuh forests of llam. Iranian
Journal of Forest, 14(3), 275-290. (https://doi.org/10.22034/ijf.2022.316378.1820). (In persian)

Bahmani, F., Soltani, A., & Mafi-Gholami, D. (2022). Floristic classification of large-scale ecological
groups in the forests of Central Zagros. Iranian Journal of Applied Ecology, 11(1), 27-43.
(https://doi.org/10.47176/ijae.11.1.13721). (In persian)


https://doi.org/10.22092/ijfrpr.2021.354186.1476

G55y oS5 bl glaKim Lale i sansSobnl jlunladl Jelss 551 Sl VY

Baran, J., Pielech, R., Kauzal P., Kukla, W., & Bodziarczyk, J. (2020). Influence of forest
management on stand structure in ravine forests, Forest Ecology and Management, 463, 118018.
(https://doi.org/10.1016/j.foreco.2020.118018)

Bavaghar, P. (2015). Deforestation modelling using logistic regression and GIS. Journal of Forest
Science, 61(5), 193-199. (https://doi.org/10.17221/78/2014-JFS)

Bottero, A., Meloni, F., Garbarino, M., & Motta, R. (2022). Temperate coppice forests in north-
western Italy are resilient to wild ungulate browsing in the short to medium term. Forest Ecology and
Management, 523, 120484. (https://doi.org/10.1016/j.foreco.2022.120484)

FAO. (2020). The State of the World’s Forests 2020: Forests, biodiversity and people. Food &
Agriculture Organization, Rome.

Gadow, K.V. (2003). Waldstruktur und Wachstum. Universitatsdrucke Gottingen. 241 p.

Ghazanfari, H., Namiranian, M., Sobhani, H., & Mohajer, R. (2004). Traditional forest management
and its application to encourage public participation for sustainable forest management in the northern
Zagros Mountains of Kurdistan Province. Iran. Scandinavian Journal of Forest Research, 19(4), 65-
71. (https://doi.org/10.1080/14004080410034074)

Haidari, M., Namiranian, M., Zobiri, M., & Gahramany, L. (2014). Investigation on appropriate
inventory method for determining structure of Northern Zagros Forests (Case study: Blake Forests,
Baneh). Iranian Journal of Forest and Poplar Research, 21(3), 467-480.
(https://doi.org/10.22092/ijfpr.2014.4726). (In persian)

Henareh Khalyani, A., & Mayer, A.L. (2013). Spatial and temporal deforestation dynamics of Zagros
forests (lran) from 1972 to 2009. Landscape and Urban Planning, 117, 1-12.
(https://doi.org/10.1016/j.1andurbplan.2013.04.014)

Hosseinzadeh, R., Soosani, J., & Naghavi, H. (2021). The Performance of small samples in
quantifying structure central Zagros forests utilizing the indexes based on the nearest neighbors.
Journal of Plant Ecosystem Conservation, 8(17), 41-56. (In persian)

Iran Meteorological Organization (2021). Chaharmahal Va Bakhtiari Meteorological Data, Partly
available online at http://wwwchaharmahalmetir.

Japelaghi, M., Hajian, F., Gholamalifard, M., Pradhan, B., Maulud, K.N.A., & Park, H.J. (2022).
Modelling the impact of land cover changes on carbon storage and sequestration in the central Zagros
region, Iran using ecosystem services approach. Land, 11(3), 423.
(https://doi.org/10.3390/land11030423)

Jarrar, H. (2021). Modeling the Forest Structure and Basal Area of the Medway Community Forest
Coop through UAV-derived Remote Sensing Imagery. Master thesis in Forest Conservation at Daniels
Faculty of Architecture, Landscape and Design and Forestry, University of Toronto. 29p.

Jarron, L.R., Coops, N.C., MacKenzie, W.H., Tompalski, P., & Dykstra, P. (2020). Detection of sub-
canopy forest structure using airborne LiDAR. Remote Sensing of Environment, 244(8), 111770.
(https://doi.org/10.1016/j.rse.2020.111770)

Jazirehi, M.H., & Ebrahimi Rostaghi, M. (2003). Silviculture in Zagros. Tehran University Press.
558p. (In persian)

Johnson, M.C., Kennedy, M.C., Harrison, S.C., Churchill, D., Pass, J., & Fischer, P.W. (2020). Effects
of post-fire management on dead woody fuel dynamics and stand structure in a severely burned
mixed-conifer forest, in northeastern Washington State, USA. Forest Ecology and Management, 470,
118190. (https://doi.org/10.1016/j.foreco.2020.118190)

Karami, A., Karamshahi, A.A., Mirzei, J., Feghhi, J., & Makhdoum, M. (2022). Offer a practical
model of criteria and indicators of sustainable forest management with resilience approach in the
Zagros vegetation area (Case study: Totshami Watershed of Kermanshah province). Iranian Journal
of Forest, 14(2), 105-117. (https://doi.org/10.22034/ijf.2021.278424.1768). (In persian)



A YVF B YEY domio V¥ 50l ¥ 6yl (ool Jlo o) SlSan el o) JSi dlone

Keren, S., Svoboda, M., Janda, P., & Nagel, T.A. (2020). Relationships between structural indices and
conventional stand attributes in an old-growth forest in Southeast Europe. Forests, 11(1).
(https://doi.org/10.3390/f11010004)

Kooch, Y., Azizi Mehr, M., & Hosseini, S.M. (2020). The effect of forest degradation intensity on soil
function indicators in northern Iran. Ecological Indicators, 114, 106324.
(https://doi.org/10.1016/j.ecolind.2020.106324)

Kumar, R., & Shahabuddin, G. (2005). Effects of biomass extraction on vegetation structure, diversity
and composition of forests in Sariska Tiger Reserve, India. Environmental Conservation. 32(3), 248-
259. (https://doi.org/10.1017/S0376892905002316)

Li, Y., Turnblom, E.C., & Briggs, D.G. (2007). Effects of density control and fertilization on growth
and yield of young Douglas-fir plantations in the Pacific Northwest. Canadian Journal of Forest
Research, 37(2), 449-461. (https://doi.org/10.1139/X06-234)

MacDicken, K.G. (2015). Global forest resources assessment 2015: What, why and how?. Forest
Ecology and Management, 352, 3-8. (https://doi.org/10.1016/j.foreco.2015.02.006)

Marvi-Mohajer, M.R. (2006). Silviculture. Tehran University Press. First edition, 410 pp. (In persian)

Mattahji, A., & Namiranian, M. (2003). Investigation the structure and evolution process of Beech
forest natural stands in north of Iran (case study: Kheyrood-Kenar, Noushahr). Iranian Journal of
Natural Resources, 55(4), 531-541. (In persian)

Modaberi, A., & Mirzaei, J. (2017). Study of decline effect on structure of central Zagros forests.
Journal of Forest Research and Development, 2(4), 325-336. (In persian)

Motz, K., Sterba, H., & Pommerening, A. (2010). Sampling measures of tree diversity. Forest Ecology
and Management, 260, 1985-1996. (https://doi.org/10.1016/j.foreco.2010.08.046)

Millerova, J., Hédl, R., & Szabo, P. (2015). Coppice abandonment and its implications for species
diversity in forest vegetation. Forest Ecology and Management, 343, 88-100.
(https://doi.org/10.1016/j.foreco.2015.02.003)

Nagahdarsaber, M., Taheri Abkanar, K., Pourbabaei, H., & Sagheb Talebi, K. (2016). Effects of
protection on forest structure in protected and unprotected forest areas (case study: Deh-Kohneh wild
pear reserve). Journal of Plant Ecosystem Conservation, 4, 1-16. (In persian)

Naseri Rad, S., Soosani, J., Nouredini, A.R., & Naghavi, H. (2019). Modeling the spatial changes of
Zagros forests using satellite imagery and LCM model (Case study: Bastam, Selseleh). Geography
and Development, 17, 107-119. (https://doi.org/10.22111/gdij.2019.4350) (In persian)

Pourbabaei, H., & Haghgooy, T. (2013). Effect of physiographical factors on tree species diversity
(case study: Kandelat Forest Park). Iranian Journal of Forest and Poplar Research, 21(2): 243-255.
(https://doi.org/10.22092/ijfpr.2013.3855). (In persian)

Pourhashemi, M., & Alimahmoodi Sarab, S. (2022). Effect of protection on structural characteristics
of forest stands (Case study: Izeh forests, Khuzestan). Iranian Journal of Forest and Poplar Research,
29(4), 339-348. (https://doi.org/10.22092/ijfpr.2022.356645.2028). (In persian)

Rouhi-Moghaddam, E., Hosseini, S., Ebrahimi, E., Rahmani, A., & Tabari, M. (2011). The
regeneration structure and biodiversity of trees and shrub species in understory of pure and mixed oak
plantations. Environmental Sciences, 8(3), 57-68. (https://doi.org/10.3923/pjbs.2007.1276.1281)

Saemian, P., Tourian, M.J., AghaKouchak, A., Madani, K., & Sneeuw, N. (2022). How much water
did Iran lose over the last two decades? Journal of Hydrology: Regional Studies, 41, 101095.
(https://doi.org/10.1016/j.ejrh.2022.101095)

Salmani, A., Poursaeed, A.R., Bayramzadeh, V., & Eshraghi Samani, R. (2021). Explaining the
criteria and indicators of sustainable management of forests in Zagros basin from the point of view of



G55y oS5 bl glaKim Lale i sansSobnl jlunladl Jelss 551 Sl ¥Vo

forest  specialists and  experts. lIranian  Journal of Forest, 13 (1), 43-58.
(https://doi.org/10.22034/ijf.2021.132136). (In persian)

Sedaghat, M., Riazi, B., Veisanloo, F., & Sagheb Talebi, K. (2022). Spatial modeling of the main
factors on the degradation of Zagros forests (Case study: Khorramabad sub-basin). Journal of Wood
and Forest Science and Technology, 29(2), 59-75. (https://doi.org/10.22069/jwfst.2022.19959.1963)
(In persian)

Soltani, A., Angelsen, A., & Eid, T. (2014). Poverty, forest dependence and forest degradation links:
evidence from Zagros, Iran. Environment and Development Economics, 19(5), 607-630.
(https://doi.org/10.1017/s1355770x13000648)

Soltani, A., Sadeghi Kaji, H., & Kahyani, S. (2020). Effects of different land-use systems (grazing and
understory cultivation) on growth and yield of semi-arid oak coppices. Journal of Forestry Research,
31(6), 2235-2244. (https://doi.org/10.1007/s11676-019-01063-2)

Soltani, S., Yaghmaei, L., Khodagholi, M., & Sabouhi, R. (2011). Bioclimatic classification of
Chahar-Mahal & Bakhtiari province using multivariate statistical methods. Water and Soil Science,
14(54), 53-68. (In persian)

Taleshi, H., & Akbarinia, M. (2011). Biodiversity of woody and herbaceous vegetation species in
relation to environmental factors in lowland forests of eastern Nowshahr. Iranian Journal of Biology,
24(5), 766-777. (In persian)

Thapa, S., & Chapman, D.S. (2009). Impacts of resource extraction on forest structure and diversity in
Bardia National Park, Nepal. Forest Ecology and Management, 259 (3), 641-649.
(https://doi.org/10.1016/j.foreco.2009.11.023)

Vacik, H., Zlatanov, T., Trajkov, P., Dekanic, S., & Lexer, M.J. (2009). Role of coppice forests in
maintaining forest biodiversity. Silva Balcanica, 10(1), 35-45.

Vasquez-Grandén, A., Donoso, P.J., & Gerding, V. (2018). Forest Degradation: When is a forest
degraded? Forests, 9(11), 726. (https://doi.org/10.3390/f9110726)

Walker, B., Holling, C.S., Carpenter, S.R., & Kinzig, A. (2004). Resilience, adaptability and
transformability  in  social-ecological — systems. Ecology and Society, 9(2), 5-9.
(https://doi.org/10.5751/ES-00650-090205)

Wan, P., Zhang, G., Wang, H., Zhao, Z., Hu, Y., Zhang, G., Hui, G., & Liu, W. (2019). Impacts of
different forest management methods on the stand spatial structure of a natural Quercus aliena var.
acuteserrata  forest in  Xiaolongshan,  China. Ecological Informatics, 50, 86-94.
(https://doi.org/10.1016/j.ecoinf.2019.01.007)

Weathers, K.C., Strayer, D.L., & Likens, GE. (2012). Fundamentals of Ecosystem Science, Academic
Press. 323 p.

Zabihollahi, S., Fathizadeh, O., Jamshidi Bakhtar, A., Shabanian, N., & Namiranian, M. (2021).
Horizontal and vertical structure of northern zagros forests in relation to traditional forestry system
(Case study: Havare- Khol forests). Ecology of Iranian Forests, 9(17), 62-74. (In persian)



Iranian Journal of Forest DOI: 10.22034/ijf.2023.360913.1890
Vol. 15, No. 3, Autumn 2023
pp. 361-376

Research Article

Iranian Society of Forestry
(@o02)

The effect of some anthropogenic disturbances on the structure of oak forests in the
Central Zagros

I. Zafarian Rigaki?, A. Soltani?, and A. Jafari®"

IMSc. Forestry graduate, Faculty of Natural Resources and Earth Sciences, Shahrekord University, I. R. Iran
2Associate Prof., Dept. of Forest Science, Faculty of Natural Resources and Earth Sciences, Shahrekord University, 1. R. Iran
3Associate Prof., Dept. of Environment, Faculty of Natural Resources and Earth Sciences, Shahrekord University, I. R. Iran

(Received: 6 October 2022; Accepted: 11 Mrch 2023)

Abstract

Introduction: Oak forests in the Zagros region are under continuous anthropogenic disturbances,
leading to a decline in their extent and deterioration in the qualitative structure of the stands. Field-
based models can predict shifts in forest structure indices due to disturbance long before forest cover is
depleted. This study examines the effects of anthropogenic land uses on key structure indices of oak
forests in the Central Zagros.

Materials and Methods: Forest stand structure indices in five land uses were measured by field survey
on 78 sample plots in 11 forests over an area of about 24,000 ha in the rural area of Mashayekh,
Central Zagros. Depending on the area, six to nine systematically randomly designated one-hectare
plots were measured at the same distance in each forest. In addition, one-meter square plots were
sampled for non-tree cover. One-way ANOVA and General Linear Models were used to determine
discriminant indices and analyze the effects of anthropogenic disturbance, respectively.

Results: Except for oak density, structural indices differed significantly among the studied stands. This
study did not find any differences in cover, number of trees, and non-tree species under different levels
of disturbance (protection and destruction). The average number of shoots per stool decreased with
increasing understory cultivation and proximity to villages, while the average diameter of shoots
increased, indicating that farmers were removing young trees and shoots. Different levels of grazing
and distance from the road had no effect on the structural index of the forest. The implementation of
the conservation program in two forests in Kavand and Doto led only to an increase in the average
height of trees and not to any other structural improvement.

Conclusion: Long before causing a reduction in forest area or a decrease in tree density, the effects of
anthropogenic disturbance on the structure of coppiced woodlands were manifested in the diameter of
trees and the number of shoots-per-stool. In addition, the decadal protection of the forest stands led to
an increase in the average height of the trees. This suggests that the impact of anthropogenic
disturbance on forest structure precedes the depletion of forest cover. Therefore, it is necessary to
consider these early indicators in forest management plans.

Keywords: grazing, understory cultivation, village proximity, road proximity, number of shoots-per-
stool.
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