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Figure 1. Location of the study area in Dr. Bahramnia forestry plan.

sl il Jelse sl Tl aly, e s
o3l sy SIS 53 Jse Jele g s s S
ay 00 S b aSis ool a5
03 b o 3l Jeols skS sy Loy Ol s
53 4 Ol bl ol s s S Sluls ws e
WER U PSR SRS TG W [P POLE PRI
o CHllOldl was s aldy; VS el
axkd Sl oaldyy YA) b oanas s wdg; f)
(Cu e Cod anbad 3l aldg; V& 5 sliiCy sl
A S 18
o3gdoe Il iy, dasws (g Se3lll (gl
Ol mbad (osee nsad Sl eslinal L ady,
ol K o ol ol S Gasie
el Jlail s ogarsl 5 dhools o o3y (lals
3 Sosd e D5 S eslad b oaly, S e U
L el (Y0 5 88 ) Lk (5,551 LeiLas
5 ke Arc GIS i3l 5 s aloder s
(Y JK8) s S ale baad ) SIS colows
bele S a s colie bl laady,
Vou— Yor) Ja_...u);,a ;(@jajjﬂ Yo — Vo) &;-jS
uais (mpn e Tor 5l (i) Sz s (e

@ 5\) L

ks Slooskue o opl 0o GRS )
Vo dsbee oles b K pipnb S
Lol s Son 5l o8 A3l St b s
4 S Sl s e Ly b o
S sy oS sl 4 S1(89) Wl e 3 s
Obys U eli)l had a4 wdyy 0502 30503
3 ey ks Olgie 4 ands OF clawy DI
STV AV W Gl ol 5l 5 sddas S
K%

s by o Kes b glaasly LS55 51 e
s ) g o lhaiia o
;5L<""~' Sas o 3 S VN asks g3 sy
Slases s Ol o lidcy ple § S pdels
L ediobisl slaaaks S0 5 Laad S LUl
ao,e 3 5 o g GPS oKaws 1 eslina
VU glaankd o3 gdme 5 . LAE (g 1A Cwde Ji&-
Sy B85l Soo p bady) wea Tzl (S
Sl IS s ad s, 07 sl Ll ol 51 s plubis
Tl ol mis cule) L ocoles PHLPW
S S Cambse e 3 5 ORI & paianal
Sl cloamse abla Sl eslinad L ady,
A S e s sba DGPS sl



VEe e (1) o )lond dTA) s JSix 5 g2 (5 9Ud 9 pole (o sidg sy & patd

~— =

e e @

news1g16

5 | e )

-y

QAT pde () 5 0y pio () & 903 andad )5 Lty 03 9dome 5 o8l jaor Condgo Y ISS

Figure 2. Geographical location and area of canopy gaps in the (a) managed and (b) unmanaged sample plots.
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* %% gignificant at the 0.05 and 0.01level, repectively, ™ not significant at the 0.05 level.
Different letters indicate significant differences between groups.
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Figure 4. The pattern of changes in the shape of natural canopy gaps with increasing area.
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Table 3. Kruskal-Wallis test for comparison of regeneration density among area classes based on gap type.

Gap type .y, ¢ 5
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Gobdgme Ul (G5l Ay S & DMae (guls pae Ol (33l Ay S & Hlde
Sig. df. Chi-square Sig. df. Chi-square
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0.121™ 2 4217 0.105™ 2 4.501 Hornbeam j -
0.217"™ 2 3.055 0.010* 2 9.218 Ironwood L=l
0.538™ 2 1.240 0.296"™ 2 2.438 Cappadocian maple > .31 3!
0.041* 2 6.382 0.438"™ 2 1.649 Date-plum (g.ts >

Dlssme Mt 555 ™ 570 CE.N BRI gy
* significant at the 0.05 level, ™ not significant at the 0.05 level.
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Figure 5. Regeneration density of tree species among area classes in two types of gaps.
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Table 4. Mean comparison of tree’s regeneration diversity indices among area classes and type of gaps.

4.;3}) Cobos u«v%

La DS e (gols s Gap area classes iy gy sl S &S Sl jals
Sig. S Lo e S S Gap type Diversity indices
Large Medium Small
0.048* 1.000° 4.750° 3.000® Man-made csLuolsl
16,8 cle
0.042* 3.111° 4065  5.250° Natural _x.b sl s
Richness
0.031* 0.486"™ 0.024* taly; s 50 om Sl one
0.007%* 1.000° 87.000°  26.000° Man-made csLuolsl
Ll {RIE
0.048*% 24.222° 40.625°  84.125° Natural _».b Je Sl
Individuals
0.327™ 0.029" 0.140™ tads) g5 59 om SOl
0.035* 0.000° 1.037° 0.570® Man-made sl
0.048* 0571°  0817°  1.079° Natural b e
Shannon
0.029* 0.395™ 0.019* taly; s 50 om Sl ome
0.023* 0.000° 0.582° 0.313% Man-made csLuolsl
0.028* 0.291° 0.490® 0.563 Natural =l I
Simpson
0.027* 0.437™ 0.082" taly; s 50 om Soloone
0.033* 1.000° 0.610° 0.811% Man-made &sLaolol
0.184"™ 0.809*° 0.716* 0.647° Natural _~.b O S
Shannon Evenness
0.034* 0.311™ 0.099"™ tely) 5 55 o SOl e

el 0 iolesl edly ISy S O sm5T b (gls e K ls gme o0t 555 ™ /Y 570 The b S e

.MJ& olad b ol Lg\.huﬂ% e )1)&# eS| ‘/Ja.w BE C)jU.Zc ;5“"—'&‘ J}f-
*, % gignificant at the 0.05 and 0.01level, repectively, ™ not significant at the 0.05 level, K: testing with Kruskal-Wallis test.
Different letters indicate significant differences in area classes.
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Table 5. Correlation of regeneration diversity indices with geometric indices of natural gaps.

P/A Perimeter Area o= )
Correlation

Index .
p " p " p " coefficient

s 6 S sle B

; 0305™ 0043  -0317* 0049  -0.310* sl s e
Richness Pearson

Js Shls !

0.001 0.480%* 0003 -0.446** 0.002 -0.259** )

Individuals Spearman

- 0.275™ - -0.299™ - 0.285™ el O
Shannon Pearson

; 0246™ 0018  -0366* 0037  -0.327* LI e
Simpson Pearson

; 0177 ; 0.229™ ; 0.223™ oA e
Shannon evenness Pearson

S Ll glsl o513 . |

0.001  0.480%* 0003  -0.446%*  0.001  -0.484%* A ool o512 e
Velvet maple regeneration density Spearman

; Tsl5 W51 5 . |

0.022 0.356* - 0288™  0.027  -0.340% 3o 23105 (517 o
Hornbeam regeneration density Spearman

Dl sme _;ww.q.a 345" N 70 ClaMﬁM \.,;J;s\._.w K gM Sol3 gan 5l Aie P ‘M oo T
r: correlation coeficient, p: significance value, *** significant correlation at the 0.05 and 0.01 level, repectively,
™ not significant at the 0.05 level.
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Table 6. Correlation of regeneration diversity indices with geometric indices of Man-made gaps.

Colae “ Jﬁ.?u Cnd J.KAI: uj"\’?"?i L;J_}g

P/A GSCI Circularity et a5

Index Correlation coefficient
p r p r p r
. 6,8 ele _
0030  0.578* - 047" - 0512 sles s Pearson & s
Richness

0.040  -0.553* - 0439™ - 0497™ et Pearson { s s

Shannon evenness

s 3l 50805 0815
Velvet maple regeneration density

- 0.388™ 0.027  0.588* 0.043 -0.546* Pearson & g
s 31 (555805 0815
Cap maple regeneration density
Dl sme _;ww.q.a 345" N 70 ClaMﬁM \.,;J;s\._.w K gM Sol3 gan 5l Aia P ‘M oo T
r: correlation coeficient, p: significance value, *** significant correlation at the 0.05 and 0.01 level, repectively,
™ not significant at the 0.05 level.
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Abstract

Background and Objectives: Canopy gaps are the most important environments for many
species regenerations. Studying regeneration in natural and man-made canopy gaps provides
practical information to enhance the quantity and quality of tree species regeneration. This study
aimed to investigate the relation between geometrical characteristics of canopy gaps with
diversity and density of tree species regeneration in natural and man-made canopy gaps.

Materials and Methods: Two 16 ha plots were selected with relatively similar site conditions
in part of district one and two of Dr. Bahramnia forestry plan, Shastkalateh, Gorgan. The
positions of 56 canopy gaps were recorded using a differential positioning system (DGPS). The
main indices of the gap’s geometry including area (A), perimeter (P), and perimeter to area ratio
(P/A) were measured and then the circular index (C) and the Gap shape complexity Index
(GSCI) were calculated. Also, the frequency and diversity of tree species regeneration were
recorded within 25 m” plots centered in each gap. Gaps were classified into three small (20-150
m?), medium (150-300 m?), and large (more than 300 m®) area classes, and indices of species
diversity were calculated for each gap using PAST software. Statistical analysis was performed
to determine the significance of differences and relationships between geometric indices and
diversity of regenerative species.

Results: The average area of natural and man-made canopy gaps were 206 and 176 m’,
respectively. The mean circular index of man-made canopy gaps (C = 0.72) was higher than
natural ones (C = 0.66); although, their difference was not significant. By increasing the gap
area, the shape of the natural gaps shifted away from the circular, elongated, and the complexity
of their shape increased. The shape complexity index of man-made gaps did not show a
significant difference with increasing the area. Perimeter to area ratio of large gaps was smaller
than other classes in both types of gaps. Regeneration density of velvet maple and ironwood
species were significantly higher in medium man-made gaps than other species, other classes,
and natural mediums gaps. As a result, richness, total individual regeneration, diversity,
dominance, and evenness in the medium gaps (300-150 m”) showed the maximum value and
was significantly different from the large gaps (greater than 300 m?). In natural gaps, with
increasing area regeneration density of velvet maple and date-plum species, species richness,
total individual regeneration, and species diversity of regeneration decreased significantly. A
positive correlation was observed between the gap’s P/A with the regeneration density of
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maple and hornbeam species in natural gaps (r = 0.480 and r = 0.356, respectively). The
richness index had a negative correlation with the perimeter (r = -0.337) and with area of natural
gaps (r = -0.103). In man-made gaps, the evenness index showed an inverse correlation and the
species richness showed a direct correlation with P / A (r = -0.553 and r = 0.578, respectively).

Conclusion: Man-made gaps were more regular and rounder than natural gaps. As the shape of
the man-made gaps shifts away from the circle form it was elongated and increased in fractures
and complexities, and also the density of maple’s regeneration increased. Medium-sized man-
made gaps (150-300 m?) showed the highest value of richness, diversity, and regeneration
density compared to other categories of gap area. Therefore, this range of gap size could be
considered as the optimum range.

Keywords: Canopy gaps, Gap’s shape Index, Species density, Species diversity, Tree
regeneration
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