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Indicator Value Index Step 2: Generate combinations of site groups by using initial classification
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Step 3: Compute the association value between the species and each combination
of site groups and retain the combination that yields the maximum association value.
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Step 4: Test the statistical significance of the association, by repeating step 3 after each permutation of the species data.
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Notation: Sis= Target species (i) in releve 1; G1= Group 1; IndVall= Indicator Value Index in combination 1; K= Number of initial classifications
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Figure 2. The steps of analyzing indicator value in group combinations and selecting the group that yields the
maximum association value
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Figure 3. Dendrogram of Braun-Blanquet synoptic method in Jahan Nama protected area yew syntaxa
classification (Esmailzadeh & Soofi, 2022)
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Table 1. List of indicator species in group combiantion by IndVal result
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Table 2. list of indicator specis in Jahan Nama protected area yew syntaxa using result of Indval method with
group combination approch

PRSI e Gymn 33 -
Composition of plant species 1 5 3 7 E 5 IndVal Significant
syee =S LSl Sz
Mixed forest of Taxus baccata- Carpinus betulus
Tilia rubra 1 1 1 1 1 0 0.889 0.001
Carpinus betulus 1 1 1 1 1 0 0.888 0.001
Solanum kieseritzkii 1 1 1 1 1 0 0.884 0.001
Galium odorata 1 1 1 1 1 0 0.742 0.002
Rubus hyrcanus 1 1 1 1 1 0 0.781 0.002
Prunus avium 1 1 1 1 1 0 0.829 0.006
e =S e [
T. baccata- C. betulus
Acer velutinum 1 1 0 0 0 0 0.710 0.001
Athyrium filix-femina 11 0 0 0 0 0.499 0.013
Brachypodium pinnatum 1 1 0 1 0 0 0.642 0.001
RCOV RESUESET I WP
Fago orientalis- Taxetum baccatae
Quercus castaneifolia 0 0 0 0 0 0.817 0.001
Fagus orientalis 1 0 0 0 0 0 0.900 0.001

3 -y Al
Aceri velutinid- Taxetum baccatae

Carex sylvatica 0| 1 0 0 0 0 0.674 0.001
Y Jgaz dalol

e . 2LS aels> ) ) '
2L L5 oS 5 Syntaxa Syre i)l o po &)l s
Composition of plant species \ v v ¥ 5 s IndVal Significant
Lamium album 0] 1 0 0 0 0 0.509 0.002
Asplenium sclopondrium 0 1 1 0 0 0 0.632 0.001
Ol a5 oo = 590 = oo Asal
Carpino-Carpino- Taxetum baccatae
Sanicula europea 1 0 1 1 1 1 0.856 0.001
Dannae racemose 1 0 1 1 1 1 0.800 0.002
Viola alba 0 1 1 1 1 1 0771 0.02
Polystichum aculeatum 0 1 1 1 1 0 0.842 0.001
Sl Aol 5
Carpino-Carpino- Taxetum subasso. sorbuetosum torminalis
Cephalantera caucasica 0 0 1 1 0 0 0.433 0.043
Sorbus torminalis 1 0 1 1 0 0 0.609 0.003
Frangula alnus 1 0 1 1 1 0 0.726 0.041
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Juglans regia
Juglans regia 0 0 0 1 0 0 0.856 0.001
Polygonatum orientale 0 0 0 1 0 0 0.544 0.023
Hypericum androsaemum 0 0 0 1 0 0 0.452 0.017
Circaa lutetiana 0 1 0 1 0 0 0.470 0.02
Brachypodium sylvaticum 1 0 0 1 0 0 0.479 0.039
ezl dxalz 25
Carpino-Carpino- Taxetum subasso. parrotietosum persica
Parrotia persica 0 0 0 0 0 0.837 0.001

R S E T
Carpino orientalis- Taxetum baccatae

Carpinus orientalis 0 0 1 1 1 0.930 0.001

S g (505395 o (SB0lg VL sl B yae sladisS
Diagnostic species belong to higher level of T. Bacata syntaxa

Taxus baccata 1 1 1 1 1 1 1 NA
Euphorbia amygdaloides 1 1 1 1 1 1 0.809 NA
Carex digitata 1 1 1 1 1 1 0.851 NA
Salvia glutinosa 1 1 1 1 1 1 0.851 NA
Acer campestre 1 1 1 1 1 1 0.903 NA
Hedera pastuchovii 1 1 1 1 1 1 0.878 NA
ol yon sladssS
Companion species
Acer campestre 1 0 0 0 0 0 0.378 0.089
Dryopteris caucasica 1 0 1 0 1 0 0518 0.093
Anthriscus sylvestris 0 0 0 1 0 0 0.333 0.098
Alnus subcordata 0 0 0 1 0 0 0.333 0.098
Berberis vulgaris 0 0 0 1 0 0 0.333 0.098
Y Jsaz aslol
LS
PRSI E ey Gy 53 ey Sl
Composition of plant species \ v v ¥ > s IndVal Significant

Andrachne rotundifolia 0 0 0 1 0 0 0.333 0.098
Asplenium trichomanes 0 0 0 1 0 0 0.333 0.098
Scutelaria tourneforttii 0 1 0 0 0 0 0.333 0.104
Fraxinus excelsior L. 1 1 0 1 0 0 0.408 0.104
Primula heterochroma 0 0 0 1 1 1 0.393 0.109
Euonymus europaeys 1 0 1 0 0 1 0.450 0.117
Tamus communis 0 1 0 1 1 0 0.496 0.118
Clinopodium vulgare L. 0 0 0 1 0 0 0.333 0.125
Cyclamen coum 10 0 0 0 0 0.309 0.188
Crataegus monogyna 0 0 0 0 1 0 0.316 0.21
Carex pendula 1 0 0 0 0 0 0.309 0.214
Cardamine tenera 0 0 0 1 0 0 0.279 0.339
Cornus australis 0 1 0 1 0 0 0.302 0.452
Asplenium adiantum-nigrum 0 0 0 1 1 0 0.314 0.63
Perribloca gracea 0 0 0 1 1 0 0.389 0.741
Fragaria vesca 0o 1 0 0 0 0 0.236 0.754
Vicia crocea 1 0 0 0 0 0 0218 1
Epipactis veratrifolia 1 0 0 0 0 0 0218 1
Bunium persicum 10 0 0 0 0 0218 1
Epipactis helleborin 10 0 0 0 0 0218 1
Mespilus germanica 1 0 0 0 0 0 0.218 1
Acer mazandaranicum 1 0 0 0 0 0 0.218 1




LE welgmlaog T oS 5 syl 5l eoliial b G pee & o

Yy

crge Caye (nl e ge 1) Larmme —aisS Lails
—aeS Akl gkl jo Byme 4555 0 Sles g
Slogas o e yuf 3551 polaiedy b oo
De ) og-iio0 ol (Jsano 29y dmp S (armo
okl g45 pizen (Céceres et al., 2010
P9y emere 3,05, 0,55 dealsS Slles
azrloe Gl L) Byme &355 (el 0 Byee 15
I s oSzl el Loz aSiy) b 1y a8 o
Ol il oo Sy Ll i bl
Jol 1) (5t (S5 5,05 S (bl
3 Pl Dslodd jslaieany (nlpls 5 353 o0
Siojls daaisS (s pipleial Cun g ()
Tsiripidis ) cewl i boog,S slows 5l (5,50 00
S 6 )loldy py S olFuys xS (et al., 2009
Dufréne & ) s,ls oS —ols 05,5 4y 4
ez Gl o Logyl LoaseS «(Legendre, 1997
» sringlenl e 2 5 aiS o S92
Loog S waS 5 3,505, )l hled alizre (slaog,5
Ol ool 8 Jdods lodisS Bpme ()] e o
4 Srdmre S sl asys aslelyl ol
ey Sl—ogas Ly oS melyz/locg 5
o 5 oLy 5o laaiss hled (anb (o501 b aliss
)l Gl 0,5 Sl e
—5 Ay yo je I Gl s i plen
STSSLL g (ol sl 5 98 ol jopay b las
Loz Gbdr 1o Gluw)las s j5)-5 yon Aol
5,513y 25145 Iy 0o oS @i cpl 5
Do 65 (et 50 By 13 b9 (Jy—ere
Sl hals” Jdsdn b o ooliiwl jei50 maelse
S By o) 99 (- Sen Byne )l (30
e Jdoan Ly 09t (Byme (LS glozllog S
sre slmog)S 3l Sy g 4 of dila 2 y0 (y095
9 S (e Laog 5l So s Sy AgS
Bae )] Ghg) 50 oy S aS 59,5, 5 el
o lade ol il 6y S ol (el o5 0D s

Lol aa U (oS it slo Soam
Sg—dige Sy (AT Al pslyz 4 e
3gd— 4 Sl L (Legendre & Legendre, 2012)
5 a2 Bl alidee slaion 4 (oL aalsr (05
=Sly Cmple 5 ol L0535 LS 095 sla by,
(sl Sy @l ks Wil oo el
900! 318 Folel 1) e &5 Lalg, g (owlidpg
o 2l G S peedl Gl ek Sy, ol
z=ls .(Mucina, 1997) o)ls 5L ool cowlus
S P Ga0g,S S Byre slaaisS il enslissay
cBs Ly 1, aslyr glacal s a5 oo o oSl
a5 80 Sledlbl oo 105 087 2l st
8,10 S S re—a plSan 9 9l oo i3l B e
Sog,S o a5 plaais conls I Hlgi oo (gaies,S
Lo, Calil g Gglas (gl wilowds 8,0 wilSai>
SIS o 9,505, =l L g 95 eolanal Jol>
Slio Sl S Qlad sS4 ol slaaisS
29 50 o5 S ST Bio (sl il (g0 Shos
FEUbpg Coale d (oS 5 sloog S 0,50,
S)le cdVo S pl g alily (g i d> g8 baisS
sls ol g pingleizl g adeS S S 45
L b ool 5l s 500 i 2Ll i
&l fog,S (x50 loyer jsbas g oad ol
Gl oo ol 55 o olals G5 yne G355 ( alS
By 895 «Byre (03| et Jyene By, 0 &S
O3l (ornlin inogs Wlg Sl (e 09,5 52
o aSol b s e dill ) 09 5 o (25 lide
a ailes Codgazme b eojls led 05,5 sz y5 5l
Gl BP9, 50 (Hy Sl azlge ol 09,5 S0
Sl asss ;o dwog )5 S 53,805, b B pxe
L 09,5 S )0 alyh oo 095 (oadly g2 ge
72 olnl g ail anils jpa> alluiz glaey S

S g 05290 L8l a Loyl 5l ey S ys 456

1. Functional treat



FYY FYAL TV i VF-Y o) F 5yl (ool Jho o) SUlSiz cpeol o)l i dlone

AaS eolaiwl B daley g, 5l B yme &g Jlow
G5l (Jgere gy IS p (B adla by, 50 9z
Sloog)S an Byne sloassS b adlsd Byae
Skl Sy 45 35-B 00 L)l 58 Bum e
 cnnbs 50 Ll 50 a5 LS palgr S5
b Gy glodisS Cpwnd o a5 Tl iy o S5et
Slog S 0, Sy, Lo Byme ()] b, 5l oolan
SoassS s ee s pdyeloizl Bl od oS 5
G99 IOy (S 5 slmog S fog 5 4y LS
Siilon Bus e slwog Slog S an j55e sladiss
Olsse b ol @l s &yl 525 (b adlai (b,
gy0nl 31 ols 53 Jiae A - gl Jguar i 5
Ol BP9y 5 =S 5 sleeg,S 9 S, sl eslil
O] i )0 gy 0l S Sgae (e B yne
«(Thuiller et al., 2004) a5 >b_ipg
Eelsz sanaib > Bree (351 ) Cadgase
1) 4SOl - gl g 3 By osliiul b (oalS
S ol s Cppiman bl i gl

L o 4595 (et (o5 5 9,09, 5l 650 2
ooz i (g, 50 Bme (555 Gy, 5l ool
3 5l (LS aelszr alolis 4 Lsas asidl -l
il ol Al @5t 0 e ol ganadil
bl el a3l plaie 50 1, candins 5,55 1o
ol il 5L G lide pohw
YL abd whaw 50 b S igrm (Byne b (LS
sl g, 5l eolaiul pge 4S8 S gunaa b
Asadi et) LSS L (expert system) jsowe ypass
2SS alg> LSog> ganail s @l, 2016
Karami-Kordalivand & ) o3 oo gmxo
g5 =l s & 8ly ,o (Esmailzadeh, 2021
Gl gy 0,lS aSul @ g b 45 WS oo gy
g 05 (AL Gibg gaail Loy
5 )8 518 (2lS aalsx Julis ;25 plaas
PS5 aelyz ganail o o jlesli il o5,

Gsie §LposyS )0 Hsd (l8lg Az yo b Byee 35
9 9=l Rl 5 Bree (351 lee (5)ls Sire s
IS (LS gleizllog 5 ez 53 ) (bl cnl 2
s pdqelezl ol slaeld B pee &5 ailate
59 Rled quiid g pxin oyl po (2L eelsx
o |y Qb o —ady g Gl s pe =) sl
sy QB3 Iy (g 5l S5le e seade Sggn
O 085 e85 5 iy 9 o)z pom 2LS el
sl SSE 5 pled cu i (2L gloxl o
Ol la pos = yod Aralzr I syl s = o) =5 o0
5y Sagy A5 el sledl losco gdly yo e e
565 1) sod &S (st y0a Brae 5] gy o5 5
sl g0 ot LS slaix! jloz slasd 1o B jae
S ol perany dslr S (pd @b mh) (AL
8) L1 i b mhas j0 Ziblg 98 g amal>
9ya) Leigler s (ol gal> (ganail
sl 03,5 (8 yme (ASSDL —(yol
aSl (o (S 5 oy ,S Bl 5l (s xS e
) 2S5 Boe sloog 57 50 Brae slaaisS Cuw pd
o Ly i (g loliby &3l Ly i no o 4l
LinegS i 3 s S5 olos (s pinglacs!
elszllmog S 55lad o SSi (Bum d (slaog,S)
By slodssS 25 g j9i> » aST L, LS
GP9) (Foere 9,509, )3 &S (J 0 il s Hgade
b 88 (Lwog )5 oS 5 (y90) SBne (33
3 ol e s (slnag,S 2 lodisT (5 inglac
Ay ks oS gl Mooy S 51 Sy 2 s
35 o0 plnl ooy 5 los Byne (sladisS Cuw
DP9y 50 09,5 Sy By g Cew b e S0 4
5SS CehB (Yo s SBpne (35 (e
OLSal (S g e Sl Loy S dy Lol
i P9 53 SBrre )] Ghe) @l eslaiul
azlye Gom Cusgame Lyl 4SO -9l (Jgoa
Olmaazie a5 (Asadi et al., 2021) 53l
sobtean a S a sl o o ) LS wlibasdl>



LE welgmlaog T oS 5 syl 5l eoliial b G pee & o

Yo

ol ol il ccul olaws BB AL -yl
el 0] jo JEine S g ool dline

63! Pl
o Azl sledbl STl ulawsl yy adlie oy
oyt Sy olKiils o colem b Jas o slay i
Olim."n) (5>L....._m.: 9 g.,«_>l.o> )‘ AL_MJj u.n.b W u.’j..\.s
S e D9 g0 JSiS g A o jde S
Syntaxonomy and gradient a4 e o wsg

2LS Lids oS 5 S5 Sledlbl Sib el
Sheslawl C il any los so cnl pinboliz]
09y 0 By slalsS el )0 (S 5 0,809,
s> (PLS alyz gunabib 5 jsme aass
&y (gomail jmeaads slahs, 1) 0
B ymo SBAISS oS 5 S i g9y Sl (AL
Cll oS ol 6,08l LS aslsx/leog 5 0
i 5l G0 LI Ly (S &2 s L]
o S (BLS psly Mooy 5 (ol pealuds

analysis of common yew (Taxus baccata L.)
communities in eastern Hyrcanian forests,

el o8 L3 s e L northern  Iran

Landucci et al., 2015; Khabazi et al., ) el
G rSope b s>l,a a5 (2019; Tichy et al., 2019

P9 T by 50 (S 5 slomeg S sul |

g 50

References

Asadi, H., Esmailzadeh, O., De Caceres, M., & Hosseini, S.M. (2021). The assignment of relevés to
pre-existing vegetation units: a comparison of approaches using species fidelity. Annals of Forest
Science, 78(1), 1-23. https://doi.org/10.1007/s13595-020-01017-0

Asadi, H., Esmailzadeh, O., Hosseini, S.M., Asri, Y., & Zare, H. (2016). Application of Cocktail
method in vegetation classification. Taxonomy and Biosystematics, 8(28), 21-38. (In persian)

Barkman, J. (1989). Fidelity and character-species, a critical evaluation. Vegetatio, 85(1), 105-116.
https://doi.org/10.1007/BF00042260

Burger, J. (2006). Bioindicators: types, development, and use in ecological assessment and research.
Environmental Bioindicators, 1(1), 22-39. https://doi.org/10.1080/15555270590966483

Caceres, M.D., & Legendre, P. (2009). Associations between species and groups of sites: indices and
statistical inference. Ecology, 90(12), 3566-3574. https://doi.org/10.1890/08-1823.1

Chytry, M., Tichy, L., Holt, J., & Botta-Dukat, Z. (2002). Determination of diagnostic species with
statistical ~ fidelity =~ measures.  Journal  of  Vegetation  science, 13(1),  79-90.
https://doi.org/10.1111/j.1654-1103.2002.tb02025.x

De Céceres, M. (2013). How to use the indicspecies package (ver. 1.7. 1). R Proj, 29.
De Caceres, M., Jansen, F., & De Caceres, M.M. (2016). Package ‘indicspecies’. indicators, 8, 1.

De Caceres, M., Legendre, P., & Moretti, M. (2010). Improving indicator species analysis by
combining groups of sites. Oikos, 119(10), 1674-1684. https://doi.org/10.1111/j.1600-
0706.2010.18334.x

Dufréne, M., & Legendre, P. (1997). Species assemblages and indicator species: the need for a flexible
asymmetrical approach. Ecological monographs, 67(3), 345-366. https://doi.org/10.1890/0012-
9615(1997)067[0345:SAAIST]2.0.CO;2

Esmailzadeh, O., & Asadi, H. (2014). Total phi fidelity index (TPFI) as a new algorithm in plant
communities analysis. Iranian journal of forest, 6(2), 215-232. (In persian)

Esmailzadeh, O., & Soofi, M. (2022). Syntaxonomy and gradient analysis of common yew (Taxus
baccata L.) communities in eastern Hyrcanian forests, northern Iran. Ecological Research, 37(3), 325-
343. https://doi.org/10.1111/1440-1703.12291



\Al2 FYAL TV i VF-Y o) F 5yl (ool Jho o) SUlSiz cpeol o)l i dlone

Gholizadeh, H., Naginezhad, A., & Chytry, M. (2020). Classification of the Hyrcanian forest
vegetation, Northern Iran. Applied Vegetation Science, 23(1), 107-126.
https://doi.org/10.1111/avsc.12469

Hamzeh'ee, B., Naginezhad, A., Attar, F., Ghahreman, A., Assadi, M., & Prieditis, N.. (2008).
Phytosociological survey of remnant Alnus glutinosa ssp. barbata communities in the lowland Caspian
forests of northern Iran. Phytocoenologia, 117-132. https://doi.org/10.1127/0340-269X/2008/0038-
0117

Hill, M.O. (1979). A FORTRAN program for arranging multivariate data in an ordered two-way table
by classification of the individuals and attributes. TWINSPAN.

Karami-Kordalivand, P., & Esmailzadeh, O. (2021). Application of expert systems in vegetation
classification. Iranian Journal of Forest and Poplar Research, 29(3), 214-229. (In persian)

Khabazi, F., Esmailzadeh, O., & Najafi, A. (2019). Supervised classification of Buxus hyrcana plant
communities using artificial neural network. Iranian Journal of Forest, 11(3), 387-400. (In persian)

Landres, P.B., Verner, J. & Thomas, J.W. (1988). Ecological uses of vertebrate indicator species: a
critique. Conservation biology, 2(4), 316-328. https://doi.org/10.1111/j.1523-1739.1988.tb00195.x

Landucci, F., Tichy, L., Sumberova, K., & Chytry, M. (2015). Formalized classification of species-
poor vegetation: a proposal of a consistent protocol for aquatic vegetation. Journal of Vegetation
Science, 26(4), 791-803. https://doi.org/10.1111/jvs.12277

Legendre, P., & Legendre, L. (2012). Numerical ecology. Elsevier.

McGeoch, M.A., & Chown, S.L. (1998). Scaling up the value of bioindicators. Trends in Ecology &
Evolution, 13(2), 46-47. https://doi.org/10.1016/S0169-5347(97)01279-2

Mucina, L. (1997). Classification of vegetation: Past, present and future. Journal of Vegetation
Science, 8(6), 751-76. https://doi.org/10.2307/3237019

Niemi, G.J., & McDonald, M.E. (2004). Application of ecological indicators. Annual Review of
Ecology, Evolution, and Systematics, 35, 89-111.
https://doi.org/10.1146/annurev.ecolsys.35.112202.130132

Ricotta, C., Acosta, A.T., Caccianiga, M., Cerabolini, B.E., Godefroid, S., & Carboni, M. (2020).
From abundance-based to functional-based indicator species. Ecological Indicators, 118, 106761.
https://doi.org/10.1016/j.ecolind.2020.106761

Ricotta, C., Pavoine, S., Cerabolini, B.E., & Pillar, V.D. (2021). A new method for indicator species
analysis in the framework of multivariate analysis of variance. Journal of Vegetation Science, 32(2),
€13013. https://doi.org/10.1111/jvs.13013

Saberi, B.G., Esmailzadeh, O., & Asadi, H. (2020). Evaluating the different indicator species analysis
in the classification of plant communities. Iranian Journal of Forest, 12(4), 541-555. (In persian)

Siddig, A.A., Ellison, A.M., Ochs, A., Villar-Leeman, C., & Lau, M.K. (2016). How do ecologists
select and use indicator species to monitor ecological change? Insights from 14 years of publication in
Ecological Indicators. Ecological Indicators, 60, 223-230.
https://doi.org/10.1016/j.ecolind.2015.06.036

Thuiller, W., Lavorel, S., Midgley, G., Lavergne, S., & Rebelo, T. (2004). Relating plant traits and
species distributions along bioclimatic gradients for 88 Leucadendron taxa. Ecology, 85(6), 1688-
1699. https://doi.org/10.1890/03-0148

Tichy, L., & Chytry, M. (2006). Statistical determination of diagnostic species for site groups of
unequal size. Journal of Vegetation science, 17(6), 809-818. https://doi.org/10.1111/j.1654-
1103.2006.th02504.x



LT aelsz/lrog T oS 5 8yl 5l oolicil b G me &55 Lulos fry

Tichy, L., Chytry, M., & Landucci, F. (2019). GRIMP: A machine-learning method for improving
groups of discriminating species in expert systems for vegetation classification. Journal of Vegetation
Science, 30(1), 5-17. https://doi.org/10.1111/jvs.12696

Tsiripidis, 1., Bergmeier, E., Fotiadis, G., & Dimopoulos, P. (2009). A new algorithm for the
determination of differential taxa. Journal of Vegetation Science, 20(2), 233-240.
https://doi.org/10.1111/j.1654-1103.2009.05273.x



Iranian Journal of Forest DOI: 10.22034/ijf.2023.363038.1892

Vol. 15, No. 4, Winter 2024
pp. 411-428 .

Research Article

Iranian Society of Forestry
(@o02)

Indicator species analysis by considering all possible combinations of site groups

R. Darvandand! and O. Esmailzadeh?

Ph.D. Student, Dept. of Forest Science and Engineering, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran.
2Associate Prof., Dep. of Forest Science and Engineering, Faculty of Natural Resources, Tarbiat Modares University, Noor, Iran.

(Received: 16 October 2022; Accepted: 8 April 2023)

Abstract

Introduction: In this research, the capability of indicator species analysis with the emphasis of the
group combination concept for determining the pre-classified plant communities was investigated.
Material and Methods: For this purpose, the yew ecological groups of sites in the Jahan Nama
Protected Area (JNPA) yew forests were firstly classified by TWINSPAN method based of vegetation
abundance data and then the indicator species of each ecological groups were derived by using group-
equalized indicator value analysis as well as the groups combination concept. The indicator value of
the species-group was analyzed by ‘multipatt’ function and its statistical significance was evaluated
using the permutation test in the ‘indicspecies’ package. Finally, the importance of indicator species
analysis results by considering all possible combinations of JNPA yew groups of sites in order to
assigning each ecological groups to pre- classified yew communities in the Braun-Blanquet
hierarchical synoptic table were illustrated.

Findings: Combining groups of sites in the indicator species analysis not only provide indicator
species in target combined groups but also presenting the zero fidelity of those species to non-target
groups of sites and allows the differentiation and distinction of plant communities/groups of sites
based on both features of prescence and absent of indicator species. While, in the typical indicator
special analysis only species-target groups of sites association is taken into account. Results also
showed that indicator species analysis by combining groups of sites not only provided the pre-
classified JNPA yew communities which were determined by Braun-Blanquet synoptic table but also
provides their hierarchical order and also higher syntaxa at the next hierarchical rank in Braun-
Blanquet synoptic tables as well as dendrogram.

Conclusion: Consequently, the results of this research reiterate that indicator species analysis by
combining groups of sites compared with individual ones provides the more reliable indicator species
lists for characterizing plant communities in phytosociological studies. So, we believe that applying
indicator species analysis by combining groups of sites approach could be useful in the automatic
(expert system) classification of plant communities which is inevitable while an extensive database of
vegetation composition is available. Consideration of combining groups of sites in indicator species
analysis due to providing common occurrence of indicator species at different hierarchical plant
community classification, will improve the capability of expert system method in characterizing of the
next higher syntaxa than association as the basic unit in the braun-blanquet synoptic table method.
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