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Figure 1. Study area in Mazandaran province, Iran (The black circles indicate the schematic scatter of the gaps)
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Table 1. Mean (xSD) area of natural gaps in the study area
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Table 2. Variance analysis of diameter of dead trees in different gap area classes
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Figure 3. Relationship between gaps area and perimeter in the study area
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Figure 4. Trends of Miller elongation index in the gap area classes
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Figure 5. Compares the miller elongation index values in the gap area classes (0.05 significance level)
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Table 4. Variance analysis of collar diameter and height of regenerations in different gap area classes

Sig. F o)kl Slaye (1K Sl Slayo ggoone OlestS e IR Dyl
of - FF oIV SYIYY Y WEIVD 295 o
/Ay \Aat FYF/A¥ 39S 09y Ay b
AT FYF/SA
ofe AT ¥/a5 ISTARY Y WWA/YS 29,5 o
\FIAY Yy OAY/Y - 295 (19)° el
AT ISVY/A) x5
0N maw > o gre BB
8 -
a
7 - ab
6 b
E 5
3 s
]
4 -
15
=l
LY
©
o]
2 4
1
0
<300 300-600 > 600
(220 sho) didg) gl sloaudls

Gap area class (Square meter)

(140 (s foisime i) s, olus SoausdlS )3 (s2og5L) i b (Siloo duslio —V) JS
Figure 11. Comparison of mean collar diameter (cm) in gap area classes (0.05 significance level)
8 -

(o) gla5 |
Height (m)

<300 300-600 > 600
(220 sho) didg) gl sloaudls
Gap area class (Square meter)
(140 (gl sine gns) gy Cvluns (sldundlS 13 (yie) 1) (S0lho duglio 1Y IS5
Figure 12. Comparison of mean height (m) in gap area classes (0.05 significance level)



CMé ).no‘ 9 u?l‘:" Al 3% Lf)fﬂ uleLAA)

AN ol JBcdn adlate Sl sl S 1 (6yglalj Cansy b ol blsl g laaidy) b5l
25 * <300 = 300 - 600 4> 600
y=08933x+1.0924 y=0.7301x+1.798 y=0.6561x+1.8092
R*=10.7803 R2=10.7256 R*=0.5519
20
. ® (]
] =S en .- ]
15 . e .
B = gce
% - "= mewm EE e e -
— 5 L] - ru nm L]
rl ‘D ™ = [ ]
~ T 10 o 0 N B O
A A m e moa ]
o m m 2 ‘6 e 4 ]
. é = . .
mem L]
5 -i 2,'!':.- i
ll-":l l .
-‘-‘Ml ==
_,i.l==lIl
o &’ .
0 5 10 15 20 25 30

ol Slghy8) aidy) ke Ll oS Jled (gla S
B9y 45 Gy 35 )8 (s> dagi 390 (JSS 5 Coluwe
5 ol 55 nxocnss Jpol b sl daiig,
shdasuio d9d o gk Adb b ol Skl
5 on 9o B glaodg ilen gyl slaeg)S
okl mlie ot Olg U 2)S 518 s 4 jo5
O S Copde S ) bagpjasly o cully S
o jyl GleMbl oyl omen B Faw il > odgs
Lo 2 yael slazel BB gy sl o 1) R oo
Orzen g Ko lapBilupy s)lul bis L oolyen

LS o )b o sleinl g (oolaidl xdlis

‘j‘b)-\g 9 ’&W:‘”

9 GUlGl (0,35 Lsl o b 4 G K e85

cov ghacye  dlis oyl e 4 Sl ggp
235 o (655w 8 1 o cblis o e

(Frogiilo) ady ;a3
Coller diameter (cm)
didyy Coluo (sladdS )3 lngyglals lis) 5 4y b (e bl VY S5
Figure 13. Relationship between regenerations collar diameter and height in gap area classes

TP ohoh) adyy Ele & wmde Gl @l

S g spa> G lodes wrw (aidy) Colue
yols adllas (o )l 3l 455 (gy9bl; ehgds ba g yglal;
Jao ) oslizel L lagsyghsly glisy] g di b oy bl
colis I (Sl (/YA G /00 yiie R') Logas las
2 byldli Slghd owimen g bpiie ol Cluss
Colpd )0l didgy Colus mipoyio Yoo 5l jieS dwdS
iS5 9 o5 bulyd 5 pgllj ogos COLs a5 58 S5l
bl oyl (S sladidy) ofage 9 S )3 lags 9l
5 BSldpy Cusdl Cwl bUSs )l g el
hats b a Sz Silups o aaids, 53,55
Oldlae b casl odd coge daine bl b S
5 dudbgy JSb (JSa S 4 Cuns Colue dopd wolue
L slaaisg, oS wlos,S by oid pbol clidllas oyl g5
9 Sl p e WU SHp S L Sy col
» o slash gyl oWyl 5 g)lhd Wb, e



o ol g (2o il 5350 6581 (il
y.v \\c"uw)5)ub/\/\0)l.ow/WJLu u‘;.:ldhb K~>/'. L:»ufby

&l

1. Abbasi, A. 2010. The influence of gap shape and size on soil physical, chemical and biological
characteristics in Gorgan's Shast-Kolate forest. M.Sc. thesis, Faculty of Forestry, Gorgan University
of Agricultural Sciences and Natural Resources, Gorgan, Iran, 116 pp (In Persian).

2. Abrari Vajari, K., H. Jalilvand, M.R. Pourmajidian, K. Espahbodi and A. Moshki. 2011. The effect of
single-tree selection system on soil properties in an oriental beech stand of Hyrcanian forest, north of
Iran. Journal of Forestry Research, 22(4): 591-596.

3. Aslami, A., F. Jafari and M. Hasani. 2014. Relationship between qualitative and quantitative
characteristics of regeneration with gap size in different types of beech stands (Case study: Sourdar
Anarestan management plan, Mazandaran). Ecology of Iranian Forests, 2(4): 28-36 (In Persian).

4. Amiri, M., R. Rahmani and Kh. Sagheb-Talebi. 2015. Canopy gaps characteristics and structural
dynamics in a natural unmanaged oriental beech (Fagus orientalis Lipsky) stand in the north of Iran.
Caspian Journal of Environmental Sciences, 13(3): 259-274.

5. Amoli Kondori, A.R., M.R. Marvi Mohajer, M. Zobeiri and V. Etemad. 2012. Natural regeneration of
tree species in relation to gaps characteristics in natural beech stand (Fagus orientalis Lipsky), north
of Iran. Iranian Journal of Forest and Poplar Research, 20(1): 151-164 (In Persian).

6. Collet, C., O. Lanter and M. Pardos. 2001. Effects of canopy opening on height and diameter growth
in naturally regenerated beech seedlings. Journal of Annals of Forest Science, 58(2): 127-134.

7. De Lima, R.A.F. 2005. Gap size measurement: The proposal of a new field method. Forest Ecology
and Management, 214(1-3): 413-419.

8. Emborg, J. 1998. Understorey light conditions and regeneration with respect to the structural
dynamics of a near-natural temperate deciduous forest in Denmark. Forest Ecology and Management,
106(2-3): 83-95.

9. Galhidy, L., B. Mihok, A. Hagy, K. Rajkai and T. Standovar. 2006. Effects of gap size and associated
changes in light and soil moisture on the understory vegetation of a Hungarian beech forest. Plant
Ecology, 183: 133-145.

10. Godefroid, S., S.S. Phartyal, G. Weyembergh and N. Koedam. 2005. Ecological factors controlling
the (abundance of non- native invasive black cherry Prunus serotina) in deciduous forest understory
in Belgium. Forest Ecology and Management, 210(1-3): 91-105.

11. Habashi, H. 1997. Investigation on Nechromass on Vaz forest in Mazandran province. M.Sc. thesis,
Natural Resources Faculty, Tarbiat Modares University, Tehran, Iran. 127 pp (In Persian).

12.Huth, F. and S. Wagner. 2006. Gap structure and establishment of Silver birch regeneration (Betula
pendula Roth.) in Norway spruce stands (Picea abies L. Karst.). Forest Ecology and Management,
229: 314-324.

13. Keram, A., U. Halik, M. Keyimu, T. Aishan, Z. Mamat and A. Rouzi. 2019. Gap dynamics of natural
Populus euphratica floodplain forests affected by hydrological alteration along the Tarim River:
Implications for restoration of the riparian forests. Forest Ecology and Management, 438: 103-113.

14. Khodaverdi, S., M. Amiri, D. Kartoolinejad and J. Mohammadi. 2018. Characteristics of canopy gap
in a broad-leaved mixed forest (Case study: District No. 2, Shast-Kalateh Forest, Golestan province).
Iranian Journal of Forest and Poplar Research, 26(1): 24-35 (In Persian).

15. Kooch, Y., S.M. Hosseini, M. Akbarinia, M. Tabari and Gh. Jalali. 2010. The role of dead tree in
regeneration density of mixed beech stand (case study: Sardabrood forests, Chalous, Mazindaran),
Iranian Journal of Forest, 2(2): 93-103 (In Persian).

16. Mihok, B., L. Galhidy, K. Kelemen and T. Standovar. 2005. Study of gap-phase regeneration in
managed beech forest: relations between tree regeneration and light, substrate features and cover of
ground vegetation. Acta Silvatica ET Lignaria Hungarica, 1: 25-38.

17. Mohammad-nejad Kiasari, Sh. and R. Rahmani. 2001. Effect of Dead Trees on the Frequency of
Natural Regeneration in a Beech-Hornbeam Forest (Jamaleddinkola, Mazandaran). Iranian Journal of
Natural Resources, 54(2): 143-151 (In Persian).

18. Moradi, Z., H. Pourbabaei, A. Salehi and A.R. Sayyadi. 2016. The effect of single tree selection
cutting on herbaceous diversity in mixed oriental beech forest (Case study: Nav-e Asalem, Guilan).
Iranian Journal of Forest and Poplar Research, 23(4): 583-593 (In Persian).

19. Mormman, C.E., K.R. Russell, G.R. Sabin and D.C. Guynn Jr. 1999. Snag dynamic and cavity
occurrence in the South Carolina piedmont. Forest Ecology and Management, 118(1): 37-48.

20. Motta, R. 2006. Coarse woody debris, forest structure and regeneration in the Valbona forest reserve
Paneveggio, Italian Alps. Forest ecology and management, 235: 155-163.

21. Mousavie, S.R., Kh. Shageb Talebi, M. Tabari and M.R. Pourmajidian. 2003. Determination of gap
size for improvement of Beech (Fagus orientalis) natural regeneration. Iranian Natural Resources,
56(1-2): 39-47 (In Persian).

22.Nagel, T.A., M. Svoboda, T. Rugani and J. Diaci. 2010. Gap regeneration and replacement patterns in
an old-growth Fagus—Abies forest of Bosnia—Herzegovina. Plant Ecology, 208: 307-318.

23.Nixon, CJ. and R. Worrell. 1999. The potential for the natural regeneration of conifers in Britain.
Forestry Commission Bulletin, No0.120. HMSO, Edinburgh, 50 pp.



CMé )x.a‘ 9 @L‘o Al (8330 d)ff‘ UL;JLA/:)

YA ol JBcan aihie I, el Sin ) oyoldlj Camdg b o bloy) g bodisy, lsle

24.Sagheb Talebi, Kh. 1996. Quantitative and qualitative Merkmale von Buchen -jungwuchsen (Fagus
sylvatica L.) unter dem Einfluss des Lichtes und anderer Standorts-faktoren. Beiheft zur SZF, 78: 219

p.

25. Schmidt, W. 1996. Development of regeneration in two selection gaps in a beech forest on Limestone.
Holzforsch Holzverwert, 51(7): 201-205.

26. Sefidi, K., M.R. Marvie Mohadjer, R. Mosandl and C.A. Copenheaver. 2011. Canopy gaps and
regeneration in old-growth Oriental beech (Fagus orientalis Lipsky) stands, northern Iran. Forest
Ecology and Management, 262: 1094-1099.

27.Sefidi, K., M.R. Marvie Mohadjer, V. Etemad and R. Mosandl. 2014. Late successional stage
Dynamics in Natural Oriental Beech (Fagus orientalis Lipsky) Stands, Northern Iran. Iranian Journal
of Forest and Poplar Research, 22(2): 270-283 (In Persian).

28. Sefidi, K., M.R. Marvi-Mohajer, M. Zobeyri and V. Etemad. 2008. Investigation on dead trees effects
on natural regeneration of oriental beech and hornbeam in a mixed beech forest. Iranian Journal of
Forest and Poplar Research, 15: 365-373 (In Persian).

29. Sefidi, K., Z. Pour Gholi, K. SaghebTalebi and F. Keivan Behjo. 2016. Structural characteristics of
canopy gaps in the gap making phase in the evolution of beech stands in the Asalem forests- Guilan.
Ecology of Iranian Forests, 4(7): 43-50 (In Persian).

30. Sefidi, K. 2020. The influence of geomorphological characteristics of forest sites on the decay
dynamics of dead trees in Asalem forests, Western Hyrcanian. Ecology of Iranian Forests, 7(14): 70-
79 (In Persian).

31. Shabani, S. 2009. Relationship forest gaps size with physiographic factor and vegetation in Lalis
forest- Nowshahr. M.Sc. thesis, Natural Resources Faculty, Tarbiat Modares University, Tehran, Iran.
88 pp (In Persian).

32.Shabani, S., M. Akbarinia, Gh. Jalali and A.R. Aliarab. 2011. Relationship between soil
characteristics and beech regeneration density in canopy gaps with different sizes. Journal of Wood,
Forest Science and Technology, 18(3): 63-77 (In Persian).

33. Tavankar, F., A.E. Bonyad and A. Iranparast Bodaghi. 2013. Effect of snags on the species diversity
and frequency of tree natural regeneration in natural forest ecosystems of Guilan, Iran. Iranian Journal
of Biology, 26(3): 267-280 (In Persian).

34. Unknown, 2011. Forest management plan of Haftkhal, Sari. Nekachoob co., pp 104 (In Persian).

35.Vahedi, A.A., A. Mataji and Gh. Noori Shirazi. 2008. Investigation on effects of relative light
intensity on some quantitative characteristics of hornbeam saplings (Case study: khanican series of
Noushahr Forest, Mazandaran province, I.R. Iran). Proceeding of the Third National Conference on
Forest, 11-12 May 2009, Karaj, I.R. Iran, Iranian Forestry Society, 1-12 (In Persian).

36. Wilhim, K., M. Stiers, P. Annighdfer, C. Ammer, M. Ehbrecht, M. Kabal, J. Stillhard and D. Seidel.
2019. Assessing understory complexity in beech-dominated forests (Fagus sylvatica L.) in central
Europe-from managed to primary forests. Sensors (Basel), 19(7): 1684.

37.Yamamoto, S. 2000. Forest gap dynamic and tree regeneration. Journal of Forest Research, 5: 223-
229,

38. Zemaitis, P., W. Gil and Z. Borowski. 2019. Importance of stand structure and neighborhood in
European beech regeneration. Forest Ecology and Management, 448: 57-66.

39.Zenner, E.K., J.E. Peck and M.L. Hobi. 2020. Development phase convergence across scale in a
primeval European beech (Fagus sylvatica L.) forest. Forest Ecology and Management, 460: 117889.



Ecology of Iranian Forests, Vol. 9. No. 18, Autumn and WInNter 2022 ...........oiuiriiniiiiiiie e e

Gap Structure and its Relationship with Regeneration Status in Beech Forests of
Haftkhal Region, Sari

Ramezanali Akbari Mazdi', Asadollah Mataji’ and Asghar Fallah®

1- PhD Student of Science and Research Branch, Islamic Azad University, Tehran, Iran
2- Professor, Science and Research Branch, Islamic Azad University, Tehran, Iran
(Corresponding Author: amataji@srbiau.ac.ir)
3 - Professor, of Sari Agricultural Sciences and Natural Resources University
Received: 6 May, 2020  Accepted: 13 September, 2020

Extended Abstract

Introduction and Objective: Studying and evaluating the canopy gaps structure provides an
accurate understanding of the process of forest stands dynamics as well as natural disturbances
that play an important role in the future management of the forest ecosystem. The purpose of
this study was to investigate the relationship between gaps and quantitative and qualitative
characteristics of regeneration in the natural forest of Haftkhal in Mazandaran province.
Materials and Method: For this purpose, gaps in the area were identified and recorded. Then
the characteristics of collar diameter, height, seedling abundance in growth stages were
recorded. Accordmg to the smallest and Iargest gap area, gaps divided |nt0 three classes of small
(less than 300 m?), medium (300 to 600 m?), and large (more than 600 m?).

Results: The results showed that gaps area was 3.65% of the total study area. In terms of area,
85% of the gaps were in small and medium-sized classes, which could indicate small-scale
disturbances. The relationship between the gap area and perimeter and the study of Miller's
elongation index showed more elliptical shape in small gaps to a circular shape in large gaps.
The value of the Miller elongation index in small, medium and large gap area classes was 0.42,
0.59 and 0.86, respectively. The results showed that 85% of the regenerations in the gaps were
related to the beech species. The highest frequency of regenerations was in the pole stage with a
diameter of less than 5 cm and a height of 4 to 8 meters, which is an essential factor in starting
the competition for light. Comparisons also showed that the frequency, diameter growth, and
height growth of regenerations decreased significantly with increasing canopy gap area due to
ecological needs, especially shade-tolerant growth of beech species, which provided by small
canopy gap area.

Conclusion: Finally, the results indicate that pathways smaller than 600 m? have more suitable
conditions and in forest management, the creation of gaps larger than 600 m? should be avoided
as much as possible.
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