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Figure 1. Mean of species richness (A), Shannon wiener diversity (B), Evenness (C) and soil chemical
properties (nitrogen (D), organic carbon (E), Phosphorous (F), potassium (G), pH (H), soil moisture (1)
at different distances from edge based on Tukey test. Different letters show significant difference at
P=0.05.
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Table 1- ANOVA results of diversity indices and soil chemical properties

Sls s Sl oSk alilanrys Sl g e
Sig Mean squares df Sum of squares
Lhu g .
000 1246 355.07 4 1420.28 2 o
Between Groups
laes S 05 1S sl
28.48 85 2420.83 et 002 sles s
Within Groups Species richness
89 3841.12 F
Total
lacs S
0.00  14.28 0.77 4 3.08 2 o
Between Groups
aes S ¢ s Opls
0.05 85 4.59 et 002 T
Within Groups Shannon wiener
89 7.68 ¥
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laes S
000 1256 1.01 4 4.07 5 o
Between Groups
Las $ 0oy o g
0.08 85 6.8 et 002 S
Within Groups Evenness
89 10.95 &
Total
Laes S ¢ (Lo 3) Ofs
011  7.16 0.01 4 0.07 2 o s
Between Groups Nitrogen (%)
laes S ¢
0.003 85 0.23 et 002
Within Groups
89 0.30 &
Total
laos S - T,
012 1.09 1.23 4 4.84 o O“’_”)‘; o
Between Groups  Organic carbon (%)
laos S O,
0.63 85 54.11 et 002
Within Groups
89 58.96 ¥
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lacy S %y S L) i
000 434 732.39 4 2929.56 55 o P S ) A
Between Groups  Phosphorus (mg/kg)
Laos S O,y
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Within Groups
89 17254.37 ¥
Total
laes S s S L) il
007 651  75943.76 4 303775.3 2 o (55 2 £ ) et
Between Groups  Potassium (mg/kg)
laes S ¢
11567.02 85 990424.55 et 002
Within Groups
89 129419.6 ¥
Total
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Continued table 1.

Sol> s Sl (Sl 3Ty Sl psase
Sig Mean squares df Sum of squares
Loy S ¢
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Between Groups
ey S ¢
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006  3.89 43.76 4 171.04 2 o o) S b
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Total
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Table 2. MEI and DEI of edge influence for species diversity indices and soil chemical properties
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Nitrogen (%)
n.s -0.0095 pH

55 5 s (Harper et al., 2004) 5 sl 1Ko
3 &l ess (Laurance, 2007) el S Slasin
=53 L5 Sl il K w55 s Lyl
— S5 Sl rmen 5 S 05 BB 5 e
il s e Slodi S e S e Sl sl

L glasl 35 b Ko oddandabandas 10 3
G O e N P P I IR T
e Jdra K s 4 2l 3 s Jele

YAY



S aleord Gl Shs 5 65T £55 » boly looliyg, o askidaskd 136 ;5,0 o MEI 5 DEI sl jasls o )15

3 an sl MED axls ool oLl Sdlss
Sb csbs 5 pely Gid Jold S sl S
ol s e Sl S K sl s e
Oeaeed Sy 2 YO ol S gl e (sl DEI
2ol Dl (and 5l 8) S sla i
— s b Il OlE sl ) Ciliie Lol
=6 ail= 3 «lol Bunyan et al. (2012) <l
4 Sl e a5 35l S la s (g5l sas
2 Al S S olidad y wsl sl U s
L Ribeiro et al. (2019) s jass b oS J>-
St gdie 3150 5 (¢ ol il 5l alols 2l 53l
Gib pamen il alS ST e [ o
& y<lol> Laurance et al. (2006) sla jass
SR s 5l i ol gls K el 5 St
Jdoas ol (S gla s i o Ssls ol
5 o5l G R 3 oS35 2 o5 b ol
Lo Saal a5 andl 5o o iz yn 5 Sl 58l
il s Sk ol 5 o S Rl e
saxli S 5 4bas (Cong etal, 2014) il (K
L S s Kx 55 S sl e gl DEI
ol S S ol oS el e 00
Davies-Colley et ) .l o Av B YO s 2t
.(Honnay et al., 2002 al., 2000
Ll Skt gl aze Lol s MEL asls
0355 S Sl s Suie (Lusby 5 el o0d)
Gk opde K olalas pl s g e PH
wils 5l il Lolss 55 St gla aze s s
Ay Ko s bl sa ol S
25 &b lais (Bunyanetal., 2012) aib glacil>
S ol Ko s 5l i gols pme ) sba 4l
Ol &S R Magnago et al. (2017) Cfl“ L

Sl 5l iy sl s S s i e S

YAY

Jung et al., Brunet et al., 2010) s . (K
-4 58 Le wsls olis Alignier et al. (2014) (2017
iSOl S g g K il s 55 5
Eshaghirad et imes ool K 51 51 2ty
L oasl,s bk gl K ), L al. (2015)
—4 S Sl pdms s sl asls sl il
L S 5 IS aal o p 355 e S s
Ao LS oy K Js 53 S gk S
ol S I s b, dals ol gladl-
s b K> 55 glaS ke Ruwanza (2019)
B3 el 3l LS STy gladl 3 e
A adl Sl Lg 35 5 gl S L e s
Normann et al., Guirado et al., 2006) Ll .
5 S Y Gas Ol i sa Sl See 45 (2016
o2l «(Murcia, 1995) asl Ko sl 5> pH
sie i S e Bl e Olgea s Ll
Brunet et al., Barbieretal., 2008) Llous alis
L sl s Mendes et al. (2016) &5 L~ s (2010
ab cd Kx 2l S aal s sl S
656 K asl> Phillips et al. (2006) i3
el e osls sl e s S g8 5 s 5o
i g 0> sl e Sl (el b tas,
Al 0Ll glacdles s 5 es5 (SIS kS
Al G s g5 sle S ke sl DEI el
—osn G e bl S b K s 2 00 L
by oS 5y Le ol a0 Ries et al. (2004) sla
Sy e odys Al 3l eV er GO Aol s alS
ey b K 55 e Yo ol b ol i oyl
s K> ;5 e =)o+ (Harper et al., 2015)
e VYV B2 5 (Kacholi, 2017) (s e S S 5ovge
ol sl s edalie e sl K s

a5 (oS5 alS by s e Jols



Y‘o)Lm.i'“V.xl?‘ ‘S}ngwjf ;QLCQAL.LQB 8

los Slasiin 5 ke ol 3 I8 e ik S
A el e t=0v ol s b K pl s S
~Snsske padb b e gL S ke
o e slaael b ol S L;LAJiJQ-JJ S sla
oalS gl K L s Sk Jlasl Al
A0S S 5 e i S, gladl-

el 3L 55 50 glail>

References

Aguirre-Gutiérrez, J., Are plant species richness
and diversity influenced by fragmentation at
a micro scale. Int J Biodivers 2014, 9
(10.1155), 2014.

Alignier, A.; Alard, D.; Chevalier, R.; Corcket,
E., Can contrast between forest and adjacent
open habitat explain the edge effects on plant
diversity? Acta Botanica Gallica 2014, 161
(3), 253-259.

Aragon, G.; Abuja, L.; Belinchon, R.; Martinez,
I., Edge type determines the intensity of
forest edge effect on epiphytic communities.
European Journal of Forest Research 2015,
134 (3), 443-451.

Barbier, S.; Gosselin, F.; Balandier, P., Influence
of tree species on understory vegetation
diversity and mechanisms involved—a
critical review for temperate and boreal
forests. Forest ecology and management
2008, 254 (1), 1-15.

Barros, H. S.; Fearnside, P. M., Soil carbon stock
changes due to edge effects in central
Amazon Forest fragments. Forest Ecology
and Management 2016, 379, 30-36.

Brunet, J.; Fritz, O.; Richnau, G., Biodiversity in
European beech forests-a review with
recommendations for sustainable forest
management. Ecological Bulletins 2010, 77-
94.

Bunyan, M.; Jose, S.; Fletcher, R., Edge effects
in small forest fragments: why more is better.
American Journal of Plant Sciences 2012, 3
(7), 869-878.

Cadenasso, M. L.; Pickett, S. T.; Weathers, K.
C.; Jones, C. G., A framework for a theory of
ecological boundaries. BioScience 2003, 53
(8), 750-758.

Chen, J.; Franklin, J. F.; Spies, T. A., Growing-
season microclimatic gradients from clearcut

YAY

56 cpend 5l DEI 5 MET gl ot Ls ol (Ko
W}Q)Wduﬁmj@bw}w
aae Ols &S 4l 5l pladol s
Chenet) s,ls 5,58 58 0 odss ilises sla i

C\f\ BE) 6\4.:&\;- Jl" LSL&J'LA}}: BEEE (al, 1995
) 0 an)lSMmedbLAJJ dél:g U':”"':’ﬁ

—M&T}‘L}Lﬁéuﬁ)sﬁ)ﬁg
&LM”:'C)W.; j@f&\%ﬁb}\)d.l&w

edges into old-growth Douglas-fir forests.
Ecological applications 1995, 5 (1), 74-86.

Colley, R. J.; Payne, G.; Van Elswijk, M.,
Microclimate gradients across a forest edge.
New Zealand Journal of Ecology 2000, 111-
121.

Cong, W. F.; van Ruijven, J.; Mommer, L.; De
Deyn, G. B.; Berendse, F.; Hoffland, E., Plant
species richness promotes soil carbon and
nitrogen stocks in grasslands without
legumes. Journal of ecology 2014, 102 (5),
1163-1170.

Davies-Colley, R. J.; Payne, G.; Van Elswijk,
M., Microclimate gradients across a forest
edge. New Zealand Journal of Ecology 2000,
111-121.

Dodonov, P.; Harper, K. A.; Silva-Matos, D. M.,
The role of edge contrast and forest structure
in edge influence: vegetation and
microclimate at edges in the Brazilian
cerrado. Plant ecology 2013, 214 (11), 1345-
1359.

Dov¢iak, M.; Brown, J., Secondary edge effects
in regenerating forest landscapes: vegetation
and microclimate patterns and their
implications  for ~ management  and
conservation. New forests 2014, 45 (5), 733-
744,

Eshaghirad, J.; Soleymani, F., Khodakarami, Y.,
Influence of edge effect on plant composition
and distribution in oak forests (Case study:
Cheharzebar forests-Kermanshah). Iranian
Journal of Forest and Poplar Research 2014,
22 (3), 527-539. (In Persian)

Freitas, N.; Silva, F.; Maia, L., Edge effect on
soil  biochemical and microbiological
activities in an Atlantic Forest fragment in the
state of Pernambuco, Brazil. Bioremediation,
Biodiversity and Bioavailability 2008, 2 (1),
62-67.



S aleord Gl Shs 5 65T £55 » boly looliyg, o askidaskd 136 ;5,0 o MEI 5 DEI sl jasls o )15

Gehlhausen, S. M.; Schwartz, M. W,
Augspurger, C. K., Vegetation and
microclimatic edge effects in two mixed-
mesophytic forest fragments. Plant Ecology
2000, 147 (1), 21-35.

Guirado, M.; Pino, J.; Roda, F., Understorey
plant species richness and composition in
metropolitan forest archipelagos: effects of
forest size, adjacent land use and distance to
the edge. Global Ecology and Biogeography
2006, 15 (1), 50-62.

Harper, K. A.; Lesieur, D.; Bergeron, Y.
Drapeau, P., Forest structure and composition
at young fire and cut edges in black spruce
boreal forest. Canadian Journal of Forest
Research 2004, 34 (2), 289-302.

Harper, K. A.; Macdonald, S. E.; Mayerhofer,
M. S.; Biswas, S. R.; Esseen, P. A.; Hylander,
K.; Stewart, K. J.; Mallik, A. U.; Drapeau, P.;
Jonsson, B. G., Edge influence on vegetation
at natural and anthropogenic edges of boreal
forests in C anada and F ennoscandia.
Journal of Ecology 2015, 103 (3), 550-562.

Harper, K. A.; Macdonald, S., Quantifying
distance of edge influence: a comparison of
methods and a new randomization method.
Ecosphere 2011, 2 (8), 1-17.

Honnay, O.; Verheyen, K.; Hermy, M.,
Permeability of ancient forest edges for
weedy plant species invasion. Forest Ecology
and Management 2002, 161 (1-3), 109-122.

Laurance, W. F., Have we overstated the tropical
biodiversity crisis? Trends in Ecology &
Evolution 2007, 22 (2), 65-70.

Magnago, L. F. S.; Magrach, A.; Barlow, J;
Schaefer, C. E. G. R.; Laurance, W. F;
Martins, S. V.; Edwards, D. P., Do fragment
size and edge effects predict carbon stocks in
trees and lianas in tropical forests?
Functional ecology 2017, 31 (2), 542-552.

Magurran, A. E., Measuring biological diversity
blackwell science. Biological diversity:
frontiers in measurement and assessment.
Oxford 2004, 105

Marchand, P.; Houle, G., Spatial patterns of
plant species richness along a forest edge:
what are their determinants? Forest Ecology
and Management 2006, 223 (1-3), 113-124.

Mendes, P. G. A.; Silva, M. A. M.; Guerra, T. N.
F.; Lins-e-Silva, A. C. B.; Cavalcanti, A. d.
D. C.; Sampaio, E. V. d. S. B.; Rodal, M. J.

YAO

N., Dynamics and Edge Effect of an Atlantic
Forest Fragment in Brazil. Floresta e
Ambiente 2016, 23, 340-349.

Mirzai, J., Causes and factors of degradation of
Zagros forests and strategies to deal with
them, the first national conference on
strategies  for  achieving  sustainable
development, Tehran, 2012; pp. 88-98. (In
Persian)

Murcia, C., Edge effects in fragmented forests:
implications for conservation. Trends in
ecology & evolution 1995, 10 (2), 58-62.

Normann, C.; Tscharntke, T.; Scherber, C., How
forest edge—center transitions in the herb
layer interact with beech dominance versus
tree diversity. Journal of Plant Ecology 2016,
9 (5), 498-507.

Phillips, O. L.; Rose, S.; Mendoza, A. M;
Vargas, P. N., Resilience of southwestern
Amazon forests to anthropogenic edge
effects. Conservation biology 2006, 20 (6),
1698-1710.

Ribeiro, J. T.; Nunes-Freitas, A. F., Uzéda, M.
C., Forest fragmentation and impacts of
intensive  agriculture;  responses  from
functional groups of the tree community.
BioRxiv 2019, 546796

Ries, L.; Fletcher Jr, R. J.; Battin, J.; Sisk, T. D.,
Ecological responses to habitat edges:
mechanisms, models, and variability
explained. Annu. Rev. Ecol. Evol. Syst. 2004,
35, 491-522.

Robinson, W. D.; Sherry, T. W., Mechanisms of
avian population decline and species loss in
tropical forest fragments. Journal of
Ornithology 2012, 153 (1), 141-152.

Ruwanza, S., The edge effect on plant diversity
and soil properties in abandoned fields
targeted  for  ecological  restoration.
Sustainability 2019, 11 (1), 140.

Salehzadeh, O.; Eshaghirad, J.; Maroofi, H., The
effect of anthropogenic disturbance on flora
and plant diversity in Oak forests of west

(Baneh city). Forest Research and
Development 2016, 2 (3), 219-240. (In
Persian)

Schroder, T.; Fleig, F. D., Spatial patterns and
edge effects on soil organic matter and
nutrients in a forest fragment of southern
Brazil. Soil Research 2017, 55 (7), 649-656.



Journal of Forest Research and Development, Vol. 7, No. 3, 2021

Application of DEI and MEI indices to evaluate the effect of fragmentation in oak
habitats on species diversity and soil chemical characteristics

G. Valadi?, J. Eshaghirad™, Y. Khodakarami®, M. Nemati Peykani*, K. A. Harper®

1- PhD student of Forestry, Department of Forestry. Faculty of Natural Resources Urmia University, I. R. Iran.
(gelarehvaladi@gmail.com)

2- Associate Professor in Forest Ecology and Biodiversity, Department of Forestry, Faculty of Natural Resources,
Urmia University. I. R. Iran. (J.eshagh@urmia.ac.ir)

3-Senior Research Expert, Forests and Rangelands research Department, Kermanshah Agricultural and Natural
Resources. Research and Education Center, AREEO, Kermanshah, I. R. Iran. (ykhodakarami@gmail.com)
4-Senior Research Expert, Forests and Rangelands research Department, Kermanshah Agricultural and Natural
Resources. Research and Education Center, AREEO, Kermanshah. I. R. Iran. (paykanim@gmail.com)
5-Professor, school for Environmental studies, Saint Mary's University, Halifax, Canada.
(Karenharper@eastlink.ca)

Received: 03.09.2020 Accepted: 02.11.2020

Abstract

In order to introduce and application of DEI (Distance of Edge Influence) and MEI (Magnitude of Edge
Influence) indices to determine the distance of edge effect and intensity of the edge effect on herbaceous
species and soil chemical properties, three forest fragments (under 10 hectares) from oak forests of
Kermanshah province were selected with similar conditions in terms of slope, aspect and altitude. In
each fragment three transects were established from the edge to the forest interior. Measurements of
vegetation and soil variables were collected at 0 (edge), 25, 50, 100, 150 m along each transect. The
results showed that MEI index values were positive for soil variables (except nitrogen, organic carbon
and pH). The values of this index were also positive for species richness, Shannon-Wiener diversity and
Evenness. DEI index value was 25 m for soil variables (except pH) and 50 m for diversity indices. Soil
variables (except phosphorus) did not show significant differences at different distances from edge.
Also, changes in species richness and soil chemical properties were observed in 0-50 m from edge.
Totally, in sparse oak forests, fragmentation and edge effect had influence on species richness and soil
chemical properties.

Keywords: Edge effect, Forest fragment, Herbaceous species, Zagros forest.
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