
",,,h

~ Yo .. AI 1 .... • .\ ~fl1111'11 a In'l1a lUlla::fl1111'11U'IIfl\l 1lfl~'lf\l "'I'l'lf \llI11l1'lfl91 In''l\I fl~111~1nfl111111111H\I

1
, "AI.. .1 ~ ~ , AI '" ,I .. ~

111U \I nqll lIa::1::'I111~nq1111fl~'I'l'lf 'II~fl1111U1I1 H\IfHn a 11atllU'll'l'l\l31'll11IHm 111f1l'lllm1

~ • '.'!! .1 ~ AI 1 .... J ~.I
lIa::m1~fl~lU\lnnqll1lIHn'lf fl111111111 H'll1Ifl~'I'l'lf 'llll11l1'lfl91lnflvtl~lna'll'l1 '1'11an 3 1I1::m1

•
(Jones & Luchsinger, 1987) fi'~O

I. fl111111t11N\lldll~~ln'1ifll\llm11l11~Yi'lf(Development Variation)

2. fl1111ut11N'llldfl~~lna~U1fl«1l1l (Environment Variation)

3. fl1111Ut11N'llldfl~~ln'1i'lll",111 (Genetic Variation)

.1 ~ .I.. .I .1 1"AI 1 ...., 11 .1~ ~ .I '~',I'
fl1111U1I1H'll'l'Ilnfl1l'llJll 'I1'1'l'lf \l1I1111'lf19111 flHa'11~ ua::m1111U9I1t1U91n9l1~n'll 11 ne

~""il ~ ~. AI e:» ...'!! ~:: ..... ",.1 -
l'I1lnfl qj'1111\1ms ~fln qll'l11limnflvlU'lln'lf'llfl1l ll~n'lf fl~ 'll'll~~Inflfl1111~11U'lltI ~:: '111111m1

1111n'llm1;1n:wlua::11m1lilty'l11t11~ ll'ln11I1111'll1'11 chd ~~Ii'J'lln11;1n:w1'"fluflqlla~n1::U1'll
•

m1'11;1l1in111'llm1t1;u,r11l11~Yi'lf~~'I1alU 1111a~m1;1m,n1ifll\llm1 rin:WUl::I~'I'll:: ua::

~ .I .1 ~ AI Y. .I'1! ~ ~ Y. .I'll ,. .1.1 Y.
an:WUl::tlUu1H'll1l11~'I'l'lf "lll;jatl "~lntn1nn:Wl1111n\J"1ll;jatl"~lnflla'911fl'll 'I tllnU1"1l~

~ AI ,~ 1!'1 il .. ~ AI _.I .I ~~ ~'AI .I ..
n\J'I'l'lf1J1'lf1U l'llnl1l1n 111 ty'l11 'II~~::flfllafln1l1m1t1l'11111::a'lJtlrtfl 1111'11 l'llmnflnqll'l'l'lftllJ

ilqj'l11 (Jones & Luchsinger, 1987)

BIOSYSTEMATICS 1i'J'llfi1~lJmnfhh "BIOSYSTEMATY" "~'II"lla''lllll"tICamp &

Gilly l\lil fl.fl.I943 (t\'l~a~l'll Jones & Luchsinger, 1987) lfltlna11'h 'UlflirrltlIJ1~nri'Ii'JU

.I 11 ... 1 .. 1 ...~ • ~y.
fl111J'I'l1J11J111t1~::rr11~'I1'll1t1'lf1111'1'l \l1I111J'lf191 fllJl~'I'l1::'I1'll1U1lfln1f1l'llltn1 l'l'lfl l'llflanl1

nn:w19i~na111'lltn1 Ii'"hu\I n'lfijfl , flUfllfitlfl11llrTll';'lli'tI1~rrlt1,;'ll( fl11llllt11N'll Ua::fl11ll

.t.l.1 , 11' ~ :::: iI ... ~ ".. ..,.:
11laU'llU1Ia~1l11~ flHrrlHfll~ 'I "~'ll'llfl~U9l fl.fl.l940 1llll1Jm1nn:Wl \J ll'lla'ltllll9lnrr l'l'lll

llln~'ll 'A'ii~ril'11'llflijU'IlI'~'I1aln'l1alUfl11ll'l1ll1U 9i~Rfl'tid

~.~ , " .. .., ",... .. ~
., Lawrance (1967) l11fl11ll'l11J1U11 \J fl'lla'ltl1Jlflnrr IU'll'lf1~'I1'll~1l11~tn11~tltll~'I'lqn)l

fllrr91{ ~~'I'l1J1Ull1ril'11 'llfl1lfl\JI1l911lfl~'I1 ,hU;1111'1'l1'llll11ll'lflfl ua::~111\'11,hUI'l1a ldjjfl11ll

IR'll"91 ~~1i'1{J'll"'1l~ "'fl\la~lntlHlfljj Ul1fl1t1Ul i'lllfl1rr9l{ l'IIaa'itlfJ1 rTUl31'll1t1Ul tn1
.. " ...: . ... ..a ...

n1:: ~ lU'I'l'lllua::rr'i11t1Ul 11lltl~tn1rT~ln9l1'llrrn 1'1'l1l11ll'lflflua::n101'"rrn11:: tlllm1fl1\J'lll
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Solbrig(1970) 'lffl111l111l1tJ~tHfll'S;101n 'lJ10~fll'll1l1iinnUh Irtunmh::~n,rfll~l

1'111"UlIfllflfli' flll9i Un::lfljj 1l1'f\U01'S111til"OlJ~0~01'S;101niJqJll1'11H~lUO\jm1l1111U

I~0111ti101u 1tJlritJ1tilJfl111l'l1nIn'l1nltJ"0 ~ a~jjY1fl , UII~1j11~O~ 'IIqllQ1191lUln1'S

, " 1 ~ ~, !to _I , ....
Jones& Luchinger (1987) nnl111 lJ 0'llfll'll1l1flnflluU01'Su'S::~nflIfl111101'S'IIflnO~'II1~

~ "~ <! _I ~ ••~ .... _I O!! ~
YiUlIfl1flfl'S l'llnnI'll tJl IIn::01'S nnlllu'S:: '111mn ~1l '111fl IYiOU11l1u'S::neu01'SnnlllO\jnnl1111U

lf1tJl~Yi1t01'S"nlll'S::fi'lJ'IIUfI (species) 'I1;0~ln11'S::fi'iJ'IIUfI (infraspecific level)

Stace (1989) Uflfl~fl111lfifll~\lIritJ1tilJ 'lJ10'ifl1'll1l1iinn H11Irtu01'S"nlll0\jm1l1111U

.I .I ~ w ~ "~ ~.. .. <! , 1 ~
'IIlntJ1'IJ0~nlJYiUlIfllflfl'S l'llnn1'11tJl Iln::Ul1fl1l1tJl 111lCl~n"l'Inlll Utl1flflUllJlln:: \I'I10~

'llflno~

fiorinff ftnlUU,;' (2535) 'A'fllllfl11lJ'I11l1tJ~0~'lJ10'ifll'lllJliinfl1~11 Irtu01'S"nlll

iJqJ'I11'111~0\jm1l1111UI~OflJl~'S::lJlJnl'S61lIunii~jjY1" ~~llflfl~fl11lJnlJ"U{'II1~flltJ"ui

~0~'I1\J1tJ'II1~0\jm1l1111U (taxon) n1tJ'U'S::lJlJ01'S'f1\hllunJulf1tJ'~'0\ln~'A'1l1n01'S"nlll

'II1~lfljj "UlIfllflfli' l'lIna"UlIfllflfli' nQlJ1U1'11tJl m'S1'11tJl UI1fl1YltJlun::01'Sm::1l1tJ,,\I(

Darlington (1963) 'A'01lJ1tJfl111lthtitll~0~'u 10'ifll'lllJliinn ~\illJl'f\u'II1~o\jmlJ
.. 11'" ".- .. ~ f· ........ '1111\1 (tll~C1~ U Briggs & Walters, 1984) \lU~"0~01'S01llJ1tJfl11lJtl'llYi\l1l'S::'I111~a~lJ'II1f1 U

• ..I..... .3' ... ..I. I.... ".'N ..t I.. .. ..
1I"1l'll1f1 YllJllOllQl::nQlJl'\j1'11tJ1YlUflO'IHn'\j O\lOlll1nfl1l1nl1'\jllm11lYlII"n"1~nU 'I1'SOlOfi

01'SNflll"U(UtllJ self-pollination til'lflnflfl11lJlI1l'SN'\j~O~nnllQl::fil~ "I rio'lflnflfl111l'))

fllJ\l'SQl1'\j01'Sli'fIlill1'\jn ~~01'SlImJqJ'I11fi'~mh1~0~01ritJ01'S"nlll'111~'lJ 10'ifl1Yl1l1iinn un::

.. " , "'.1 ..
YlqlltlYiUJ1'\j"1~'l1l101llJltJu'S::nOlJnu

Lawrance (1967) 'A'ntil1iMin1'S~fl1'S\illJlIf\un11nnlll'lJ10oWfllYllJl9inn Hfi'~d'
<! .I w '~l 1 1 1 '_I .I d w ,I. 01'Sl'InllllOtJ1nlJl'lInn1YltJl f1tJl~,n:: fl'S lJ 'lI1l"0~lIfln::u'S::'111mYllOlJfl10tJl~1l1

2. n1'S;1nllln11NfllJ'11l1::'I1il~1l1::'11lm"1~ "I l~onnlllfl111l1Ioil~IIH IIn::fl11lJ

flllJl'SCI1'\j0118u"'\j(~O~QnNflll
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3. fm;1mn homology "fI~1",1211'112JtlnHn2J l~flfl'1tm12Jn2J';\lD1::~,.:h~th::'111n,

Nj2Jln\ffllJIWlJ~ 'M

Solbrig(1970) 'ii\'ln\lfl1im,~\h2Jl ,.n\lm,;1nl/1'U1f1~nn12J1;jm1fi~,jfl't.ld
..... ~ '" ~ .I ~ JI 't.II. 111m''YIHYl\lllfl1n", l\l\lm'nnl/llnlJ1nUm,Hn2J'II12J'::lf1H '::'IIln, IIn::"'111

nnl/Q1::"fI~t1nHn2J·:hijfl112Jn2J';\I..rriu';fllf;flmJfld1~"

..... ,~" ~ .I ~1 11' ,. t.I'2. 111m''YI1~I'IInn1'Y1lJl 1\I\lm'nnl/1InlJ1nU fI' 21 '1121 \l1I~"U~1I1\11\1 1 '1~ lin:: "

Ylq;jn112J"fI~1f1~1211'1121 '\I"Q1::~ijm'lltl~ihifliilJnIlUU'2J 1f1~n
... __ II." I • ~.,; 't.I

3. 111m''YI1~nafl 1\I\lm,lnUfl1f101~ IIn::m'fll\11Q1lf1f1112Jfl2JYl\lll'::lf11~'::'111"'

1 ~ '~t.I!!!JJ. ~ :: .I. ~
M!JYl1l1'Q11f11f12J ,:: fI 'YI1I"U~111\11\1anl/01:: 'YI~If2JM'YI\l12J1Ylt1' 011

4.1im''YI1~lflij l\f\ln11\hlUlu~flt.l,::nUU'YI1~lflij"U~W'II1MO'~ primary metabolism,

secondary metabolism IIn::m'fl11I1nUU1t.I,;i\l I~Ut112Jl'~\lm'UitJ10fl112Jn2J';\lli"::lf1H

t.ln'lll",

Jones & Luchsinger (1987) 'ii\'uitJ1oa~1im,;1nl/lnnl/Q1::"u~W'III~ut11~fI\ln2Jl'~\I
~ ~ 1 ~ , , .I .I JI ~',t.I.1

m'nnl/l'Y11~U\jn'2J1111\1 MOUlnOPllnfl'flWl'YIIn01'11U~ M~flU \I

I. n,,;1nl/lnnl/Q1::nQlJl\11'Y101 (Morphology)

~... ... "
2. n"nnl/1nnl/Q1::mtl1Il1flfl1nfl1 (Anatomy)

3. n,,;1nl/1cinl/Q1::1U2JUnU"!l~W'II (Embryology)

4. n,,;1nl/ll'11nn'1'Y101 (Cytology)

S. m,;1nl/l1MO'4n~u~,n'YI11tnfiilaflfl'UIJ (Electron microscopy)

6. m,;1nl/ll't\l1'Y101 (Palynology)

7. m,;1nl/1U11YlYlqnl/l'Y101 (Palaeobotany)

8. m,;1nl/lf1~flt.l,::nflU'YI1~lflij (Chemosystematics)

9. m,;1nl/l~l1f11'Y101 (Ecological evidence)

10. m,;1nl/lcn'1'Y101 (Physiological evidence)

m,;1nl/l'10n::160fWU~W'IIii\'101im,fi~nril1 'UIi11f1\1t::~fI~t11'ln1in1,'t.I,.n\lm,
~ .<'! ' ~ 11 ~ .,~ ~ .I ,~ ~. , ~,
nnv111'111191n:: '11\1MYllfl2Jn\l m'lnfln 'lJ111nl'nnVl"\Iflgnufl112J111 2J1::n2JnUYl'llll"n::'11\19111

~U~m,;1nl/l110n::IQ091, \Iii\'1\1'filln::2JIn\fUOIIfi'11\I IYl'l::W'IIUH'IIiifltilt, 4Iilo~tJ1~nnl/01::

'\lm't112Jl'~mllllf1112JII9In,j1~i1i12J1nYltl~t::Vflhl\lnW'II''''tld'\ll1U10'YIHtI\jn'2Jl1l1\1

'91 'I 'Ii
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Stace (1989) ,.rlifl~lll1miims1\lm,;tfl1l1'1110tYtrl'lUnfifln 1'11111;'J\lfln tr::ft'lflllll::~lV
•

fiom,;tfl1l1 flflfll;'J\ltr1~ldflri'l9i~il
!If !! .l ~./ ~.l • !!'l

I. numerical taxonomy IU\lm'nfl1l1IflV'lfl1Jm'u'::1l'lIlNllnflllflllW::'n\l111lnfl1l1

1flVfl1rilJI'rlflUfl'Il1~trafi

2. chemical taxonomy ~;O chemotaxonomy ~;fl chemosystematics 1;'J\lm,;tfl1l1IriV'l

nmmIfljj~I;'JUo~ti't1,::flOll~ o~Vi" 1,1fJ1h~fl\ln ~, ~1111~t1,::neunllm,;tfl1l1'1lH 0'ifl111

~ 1 ...04
'l1l1\l fllJ'l1l0\l '1 ,.

\llflll\l 'lf1'll11fifl9i~fltll'l~ ll~ Stace ,.r1111'rlflUfl'lll~trafil~ 11111~\l fl1, tl,::11'lll NIl~0\lIl~

,~\llflliflllW::~;tfl1l1~'llJiifl1'fiH "I fi~,f\ll\lfl1,;tfl1l1~fl\ln \l::1I0~jjm,;tfl1l1.afl\l1l1\l ClO~

nflllW:: ,r\l;tfl;tfl1l1nnllw::.a0\ln1Uli~flwmYl (qualitative character) ~'~ll1\l1flm,n~lfl,rhjj
~ , " .l. 1" . ,.1 ~ AI,'" .I.l .1 .,. ,Ilfllllll::0:: '1J1~'Il\lltr\l \l llf1'll11llflflflH u\llfllftll~'fl 11 llfl'll11lunlJ\lllull~lllJH , fl'll1fJ

, tln1Jfl1,;tfl1l1nfllllll::.afl\l1ll\lli~U;llll1l (quantitative character) IIn::111.afl\jllll1tl'::1l'lnNn

~~1 ... 04 !If... .ll.l!'l ~, ~ 1 <!l
'I1Htrafl ftlJ'lll Numerical Taxonomy 'Hlu\l'lllm,'I1 'IJ 1\lfl1'\lftflqll'l11~Il'ifl'1l'l1l1U ftlJv\l

liu fl'll11llflfli1~fldHill!tlchtiOJ~O~~U'lVO'ifl11111l1\l~l11m, ;tn1l1

NUMERICAL TAXONOMY

Numerical Taxonomy 14~0\l1l~'t1'\llflnflllW::~fl~ 1"'~tr!1~fi1~'1 ~fl~~U'llJfl'ifl11111l1U
.l.t !!'l 1 J'..l.. ..:...... ~. l ...J 1Y.AI 1 ' .1'I1yl1fl1'nfl1l1 ftlJ':I'I1'I'll~l'lllm1\lft\llI1Ufl fltl'lll\llll 'IJflfl Michel Adanson \l"'l~uIl1lJ

..I ,...... ~ ~ ... 1 w .,
rrm,,,,'l1 18 IIflllm'flYlllYl11llflm'lIn::nvn::lfllJfl U~U~I10 Principles of numerical

!If 1: 04i) 1taxonomy IUUflHII'fllllO fl.rr. 1963 ftlJ P. H. A. Sneathlin:: R.R. Sokal

. ...0\.. .l.. .. w'J!'f! AINumencal Taxonomy ll"fll'lJfl'l111f1'll11~llllJlfllJ'lfl\l I'lflflflfl Taxometries (Mayr, 1966)

11;0 Mathematic Taxonomy (Jardin & Sibscn, 1971) 11;0 Multivariate Morphometries (Blackith

) '1",l t A. • ..& Reyment, 1971 11\11 U'I1U\l::fllll'la~ Numencal Taxonomy fl111f11\llJ111~0~ Sneath & Sakal

(1973) ~fltl1'li1 Numerical Taxonomy ~llllJa~ m,liflflclll'l1Hfl'ifl11111l1U lftlJiifl1''I11~
"'II ~.z ., t "'II: 1 ..

flQlflrl1trfl,uUWUJ1U~fl~tra1U::~fl~nflllQl::~fl~~U'llJ'YI1~0'ifl111'l1l1U\lU'l ftlJ''llla~n1'

;tfl1l1f1'l111nll';U 'Ii''YI1~ tr1lJ';Ui 1ftlJ01rilJ.af)\jn \llfliifl1' 'YIH ClafitI;flflGiflrl1trflfiim,fi1~'l

~~iifl1,9i~ntll'lll::tl'::1l'ln'llJn::IDlJfl~f)~nflllQl::~f)~111J'llJ'I11~f)'ifl11111l1U 'tll;'JUft1'1lH

flGiflrr1ClVlf 11;f)f)1\lfllh'l'~i1 Numerical Taxonomy l;'Jum,i'",ztl11l1U1Uli~U;1l1W
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(quantitative taxonomy) ~~CllIJ1'a\h;rfl\la~lU6u ., 1J11f1unmh::1J1aNa111J~10 I';U

serology 'H;fl paperchromatography l;'Juliu

'I I • ..., ..

Jones & Luchsinger (1987) nan11 'ftlj~'HlJll1~fl~ Numencal Taxonomy flfl nl'lHfl1J

1,f\l'n'l'lqmlfllCl9lf ;jfl111J'H1J10~fl~nn'lGl::"1~"~;m'l1 1,fIlClft~flflnIJ11UI;~;rfl\la'l'lH

flliiflfllClflf l~flUl'1nfIUnl,1Iml::,.r~10l'l'lflUfll11~flfllJ';1Iflflf

~~.. w': . ..
Sneath & Sokal (1973) l"flll1J10an'lGl::'I'lUJ1U~fl~ Numencal Taxonomy 9111JIIU1flft~fl~

...... jI~ __ ..I ... I ........~
Michel Adanson 'lf~ l"fl~IIU1fl11IJflft'l'l"Oml Neo-Adansonian lJan'lGl::ft~U

... I _ ,,~..1 A. I ... ..Ia1 .. '" ..
1. nl'llftnqlJll::Lnft 19Ift'l'lf!ftllJfl'HU10'l'l1~fl'ln11J1111U'I'l1l11J11l,,"qlJ1J1111a::lflllftlla::

• w..l~ ....
1l1U1U~fl~an'lGI::'I'lnn'l 111lU1l1U1UIJ1n

w w..l ... 11 .. ... w ..I~,...
2. an'lGl::'lnan'lGl::'I'lU11J1'1'l1l1'Gllll::flfl~lJfl111J1'H1J1::ClIJ lIa::llIUan'lGl::'I'lI'D IUnl'

~ftl1.11111u1Ull"1J~1~
2 ....: I ~ I 1..1 • _ ~ ..

3. fl111Jfl {l10flM num'HIJft~fl~fl1{l ~Ln9l1191a:: t1'1'lUllJ1'1'1Ill'Gil II::111Uan'lGI::IQ 'I'll::
., I _..I. ~

911'1lfl~'HU10fl'ln'1J1111U'I'l'l'llnl'nn'l1

4. nmi'ftihl'H'I.hofl'ln'1J1111U1ft ., l;'JuNaldfl~1J11l1nfl111Jd'lJiu..r'llfl~an'lGl::"H.,

ll101Un~1J1m~Clrl~~';lnl';1n'll

s. fl111Jd'lJiu..r'l'l1~Cl10iui (phylogenetic inference) ;1n'l1'~1l1n 1flHarl~~fl~lI"a::
,.. ~. w ~ w , ~ ~ ~JI .1..1w ~.ol

nlllJfl'ln11J1111U lIa::1l1nfl11IJmJ'I'lUll'llfl~an'lGl::911~ ., 'lf~Il:: 1'I1'UflCll1J'I'l~ftIIlU IU"fl~

'Ilfl~n'::1J1Unl'lIa::na'n'llfl~11'IIlUlm,
w ... ': , ~.. w , 1 w ~ ~w ..I ~

6. m'\lftnlllJlJ'I'lUJ1Ufl~1JUfl11IJfl{l111fla~'Ilfl~M'IGI::911~" ftOllft l'Han'lGl::'I'lfl{l10

ii'ufld1un~lJlfio1ri'u

Sneath & Sokal (1987) '~fli1J1oan'lGl::~fl~;rfl\la1um,;1n'l1 Numerical Taxonomy 11

,::ti'1J'H\'i10'l'l1~fl'ln'1J1111U~U11J11f1unl,;1n'l1 fl1\lfld1umi1J'ft~'~ '1J111l::I{JU,::ti'1J~Uft
~ .. w..l •• ~. ~ ~

(species) Clfla (genus) 1~fl (family) 'H'fl'::ft1J'I'l~~n11 IIflllJflU11J1nn'l19110 Numerical
.. • w • , • ~ JI ..I••

Taxonomy 1l::"On'HU10ft~nal111 Operational Taxononuc Unit (OTU) lIa::"lU1U'Ufl\la'l'l1l1IJl

.. ~ ..~ ..1,..1 .1 U!'l~ l! .r~, ~.I!w w' ~.I.r
1Ifll1::'Hfl1'IJ"lU1UlJln'l'lf!ftl'l'l1'1'l1l::1I11J11'D 191 'I'l~U IlJfl1' l'Dan'lGl::ft~91flI1JU

.. .." I .... _I ......__: I.... .. I .f/
1. an'lGl::'I'lIIJIIClft~a~an'lGl::1I,::61'1lfl~a~IJ~191UU ., I~U W 61U1Ufl1fllll~lIlN

l{Julllu

w..l.. • ~ ~ ~.. .1 w , w~. '
2. an'lGl::'I'llJm'91fll.JClUfl~91fl{l~1I1f1{lfllJ'lfUlm'II1J'Hl.l~~ 1I11::o1nllnm'91ft{l1l11

an'lGl::19lI;'JUUaIJ1,nnCltl1'1'l1l1fti(fllJ 'I1;flan'lGl::1f1I{Juuallln';Ulln"lJ I';U 61U1\J11J1u 1

"I .... , or•

.~'t1'jJ:.I,'I'.~\i\;: 'L~:·:"IU;~ :~1';;11~,1-1 "j'

• j

~;i\.i il~:li:; ..~", "I.llJ i:;'"
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Clifford & Stephen (1975) i'fI\h:all'll~tl~~tl\ltl~1I::1h1J1'f\um'ftfl~n Numerical
•

Taxonomy rl11J1,a~1IlUfl'A' 6 IlUU .r~ij
!ill J! ..l.. ... .. oil ... , , ..

1. Binary I1JU'Utl\ltl'll1JI'I'ItI~ 2 rla1U:: fln 1J nu 1J1J
... 11 .I... , .. • 11.1.

2. Disorder multistate I1JU'Utl\ltl'll1J1J1flfl11 2 rla1U:: Ilfltl::rla1U::1J"1~~tl~'Utl\ltl'llI'll1

nu I,/U a~tl~fltlfljj 3 a 'A'lIn allfl~ al11Stl~ IItl::a~111r1u4iu
... 11 .I... • .. , 11 .I,.,

3. Order multistate I1JU'Un\ltl'll1J1J1flfl11 2 rla1U:: IIfltl::rla1U::1J"1~~tl~'Utl\ltl'll 1J1'Il1
• • •

nu I,/U fl111Jtll1~n~Ntl ~U1"tl111jj'A'i~lIfi tN1J1fl flu tll1 tll11J1fllrlU4iU

... 11.1· , .I!! .. ,.. "l .I
4. Ranked 11JU'Utl\ltl'll'l'l1l1'W1nflttU1t1'1l1l::nfl\l11'1'1t1~ttU1t11f1t11 ll91tlg Urltl1'1'1'1lI191fl

fi1~nU JflIf\um,;1n\llA'lu17mI1'1ltl1

"'11 .I .... d ..... , ..... d, ... 1
5. Meristic.I1JU'Utl\ltl'llI1JU1I1U1UI911Jtt,nufl ttluU1I1U1Ulfl1J I"U 1I1U1UfltlUflnfl U

I fltlfl ~lU1UtlnJtI'U I '/n~~tl~;~',j Irlu4iu
... 11 .I...,. , It ... 11

6. Continuous IUU'Un\ltl'llUtl191tlIUn~ I"U fl111Jtl11 fl111Jfl~H IUU,.U

• w w,.I. lJl'lIt....1 AI
Dunn & Everit (1982) 1I1I1Uflafl\lW::fI~fltl11'1lU11J1 'D 1"I1JU 2 u,::II1'1l fltl

. . .......1.. ... ... ... ... ",,. ~
1. Quabtattve character fln afl\llll::'Il1JIWtl~ 2 rla1u:: fltl 1J tt,n I1JU Iltl::UHflHn111

, . ~ .. ... 11 w .1 "", , .!!. ,
1J1flfl11 2 rla1U:: I"U f1~tl~fltlUfltlfl I1JU,.U afl\llll::u'::II1'1lU 1Jrl11J1,aU1U1nfl\l11Ifl,,::tt

11 ... ..'11 • , ' , .I '11
tl1t11'DflU'Il1~rla91 "lun~1I1fl 1Jrl11mattlfl1llltltl "

• • AI w .I.. .1 w,' .I..!!.
2. Quantttattve character fltlafl\llll::'Il1Jfl111Jllu'NU UII91tl:: oro 'Il1.l11J1""\l1 I"U

•
fl111Jtl11~tl~~lUttiUl1ll! 1It1::tiUI1ll! Irlu4iu nfl\llll::tl'::II1'1lilrl11J1,all11J1ftfl\ll4i1t1iiflU

'Il1~rla;;'4i 1'I'I"::rl11J1,att1fhllli\tI'~

flUftfl\l1 Numerical Taxonomy ~tl~ Sneath & Solcal (1973) '4itli\J1t1ii~~n'4iltAtlu~n~

flU""'fl17flti~flti11lum'"~tVtt1'1l1~n~m1J1'D1U, U'1t1tl::liitlflti~"n ,1.1;:1'
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J. Numerical Taxonomy rflUl,mh~f)\ln'lnm'ftnlll~1fJ1n"Wl ul,on'llm,i1nlll'~

I';\l ftQlJl'1linfJl ti1,infJl Ifln lhfilllllrf'llf)~ DNA lhfill",flf)::iil\l'llf)~ 11h;i'll I;'/'Il.r'll :b~

1;'/'Ilm'fJln~'::Ul~f)\lnfi~nriml1,on'llm,i1nllltl'imuilll'1l1flfJ1nll"Ufll

2. m,i1nlll Numerical Taxonomy 1;'/'Ilm::1J1'1lmnmf)'imU1111'1l ~tllftfJlnfliifl

6911'llmi~nll,::allin1Yt~~'\lm,liflhll'lln fi~J'Il~jjfl11u'lil'1l1l1/m~~1'1lfl'i",U1111'1l'1J~~

U1fl~rflUl,mhfmi1nlll1flfJ1nd',~

3. n'htilt1'1lflrfm'll::'Ilfl~anllQl::fh~ '1 '\l11l'llfl~tiila'llrflUl,a1Ifln::MlflfJ'::tJtJnu

1l,::u1aNanHiilaflmflufln lla::'lffl11Ut1UlfJ"Hfl'i",U1111'1l''Ilm,ul'1l'~rffmhm'fJlfJ
.1_ ~ _".I ".1.1 11llJ1111'1l 1Jtll"nfJ"fl IlN'Iln Lla::lflnrfl'U'Il '1 lIlnfJ1'IJf)~

- '11'''' .J- • ,"- ... I .....1. I4. m'1Ifln::t1'IJU\la 'Il1"~lJ'U1Q1l11 t1Um"fl1l11l'llnt1'1l1fJm~fl'imU1111'1lnllfln9lH

fl'll1~n'h lla::rflUl,afl'1'rff)1lt1"hfJnl~tl'i n'U1111'1l1~~lfJ lil'lf1~m,liflmiulla::lllilll'1l
..I... , .....
lIflfl1111111"Ufl1

S. nuliflti19l1m~fll;la~lI1j'llfl'll''Ilm,i1n1l1 Numerical Taxonomy 1~u~till'~Gi1n1l1

lflfJ1nd'~f)~'~~1'1l1'1l11a::ti111"fJ1fJanllQl::~fin11Ifiu :b~I;'/'Ila~hi1\l''Ilm,il'll'll1

1l,::aninTl'l'llU~n1,i1n1l1fl'i",U1111'1l1l11111l"Ufll',m;~~'Il
.1 1 ,.I . • :.1 ~ ~

6. lJ':: fJ"'Il'l'l\lJ1'1l'IJf)~ Numencal Taxonomy flfl rflU1,afl'1.rff)1l'll1IflfJ1nllt1aflm,

'IlU~fl'in'U1111'1l lla::fl11U*'HU1fJ'Ilfl~m,liflnqu :b~a~I'Hri1d"::I;'/'IlNafi"unui1nllltl'if1'U

1111'1l1fltl,r111llla::Ul'tl,on'Ilm,1l~i1l\l'HltJ1~udH' 'Ilm,i1n1l1fl'in'U1111'1l'~

7. m,i1n1l1 Numerical Taxonomy lil'~liiflm'LltJaNa''H1J'Ilf)~fl11Ufiflm~;11'nfJ1

~1'1l1\lUln lla::rfl,mmh1tl'~llrml\lt11"H~1'1l;11nfJllla::m'1'iI'll'lllm"'HlJ '1 1~

.s ~... __ .I • ,~ <'l " ~ .. '
,,1'H'1l111m,m~rfa9l'n'lllU1 'Dl'Ilm'nnlll Numerical Taxonomy l'I'ltl.flvlll'lln'H'Il1fJ"H

fl'if1'U1111'1l lfltl'~'Hannl'1Ifl11::Mfl11tJIl1l,tl'1'1l'l'l'lltJQI (Multivariale Analysis) jj'Ha1fJ1n

1~Llri

• Principle Component Analysis (PCA)

• FactorAnalysis (FA)

• Discriminant Analysis (DA)

• ClusterAnalysis (CA)

- Canonical Variale Analysis (CVA)
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.. 'i1 W )nJl1lflU;:ll m! (FACTOR ANALYSIS

m'1Iflu::,;'i!vi'u (Factor Analysis) tJ1VI;Un'~ntJVH':h m'1IflU::,;'fi1,h::ntJ1J Ii'lu

- ... """" '" ~ J:..A • "".r 1~ I , ...
fl1'1l1llU~'IltJ~flafl-1V1U1rr1flfl'';IVlU1lVlflUflU1J1 'IJtJIl1~1I'1'1,"a11l fltJ Charles Spearman "11

ti~nqll iflll'~Vi1J~VlqllafltJ~fi1,h::ntJ1J(TwoFactorTheory) tull fl.rr.l904 lIa::'~i'1Jlfill,;i

t~l;'Iuiifl111~~nJ'1IflU::,;'i1vill (q'll1J'I'I' V11J'1J1U, 2532)

"" ;!1.... .. ... ~ ""... ..lt~ ... ;~.I t~.. ·
nJ'1Ifl'1::lllJVVIl fltJ lVlflUflnJ'11flU::llVl1~flaflVl 'IJ lum'1IflU::llfl1l1lJ' ll1JV1U1U

aflU'tJlla~ iflllm,d1~n~1Jfi111t1"ll1iv1nnq1Jfi'mtlll~1Jlla1U '1 fi111t1,~iifl111Jft1J,;uli'nu

(Norusis, 1985)

9ltJrint na1uuli' (2535) '~flVlflUfln1'1Ifln::,;'i1V illtun,,;fnll1'tJ1tJoifllVl1J1;incY'IltJ~

i fla ~Iflft~'IlU '~flltlfl111JII1Jlll'lltJ~nl'11fl11::,;'iJIIiu'~i1 I;'IUIVlflUflnl'1IflU::,;'VlHflii;i~t f

t .. '11 .I.. w ., .. w .. ::. w .I _.1 1 11 w .,
um'1IflU::"'UtJ\laVl1Jfl111lJ'"'tJMllGl::'IltJ~"""91~llfl2 MllGl::'IlUllJ flllnJ'flll~91111lJ'

tll1itUlt1'1lMfl1Jmll;~I~Ullft1Ilfi111t1, iflufi111t1,~tlunatUfl1Jm,titJ "111tllli1J~U
•

';~ll1Jfl

... .,.. ..... , .. ,,,l
nJ,1Iflu::llilvvll 1J1flQtI'::fl~flfl~91tJ'tlu

1. l~tJftfl'lU1Ufi111tl,t~f)g'11JnuI;'Iuilvill (factor) 9h~'111a::111"111tl,tll1i'tltflu
.. 'w ~ , _11

m'1IflU::llVflv111unnq1J Itt

... <'l ' W.I .~ W W.I' W .1 .I
2. 1'I'If)"nll1111J1JlINUm"11Jnq1J'IltJ~91111lJ' lla::ll11'1llUn'lltJ~fl111lJ'1l9la::fl1ll1J' VI

1111J1lf1um, fl!1~1J1fl'1fltl,::ntJ1J (composite measure)

3. l~tJVlflfltJ1JlIa::eUUUfl111J\lnfltl~'Iltl~1J191'1fl (confirmatory factoranalysis)
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JI .. 'M~ "A' ~tl .. ,·ltl 1 A'~tl
lUl11lJllJ~U~m11Ifl"::l1ulIlIlJ lYlUI/IU~fl"aflfl1l1 11fllJ I1lJUlJa~ fllJm1thHfl111 1

t ,..~ ,- ~ ~ ,~ ~ il t·" 11.1 _. • M ~.. •
I1lJ'I1llJlJfl11lJnlJYl'llllfl'll '1111 1 l1lJ'I1\1flfln~~'llIl::l1lJfl11 factor 111U ll\l\llJ 'Il'~llfla:: factor

~ tl ~ .1'''- ~ ~,~ U'A' ~ ~:: , ''''A' ... ~.,1I::11lJfl111 1l1lJl/I'll'l1lJfl11lJnlJYl'llllfl'lllJl nl'l10fl'll fl~lJ'll factor I1lJ'I1 1'1 lI::lJlll'll1'lllJUOfl11

I1;Ul,hnu~llJ1'llfi111tl1l~lJlI'lll,hJ'll tl1'llIl::ii~llJ1lJ factor tl1lilJlflU'UOllfl'l1lJ ~'llugnu11

m111a::~lJflU'llm11lfl11::11'~~ factor tl1li flllJl1aujjUllJfl11lJlltl1NlJ~u~tl1::~1fl19i1udl~'~

... "!1 W .. : , ... "J! ... I .. tl
m11Ifl11::111l1l1l0 lJ~'llflUlJ 'llm11lfl11::11'UU\la~U~fI1lltl1fll~'1 fl~'ll

1. m1flfl~llJfl;flfl11lJnlJ';'ll1i'1::11'h~~~u~9i111tl"lflfi1 (correlation matrix)

2. fll1flnfli!ll{lJ (factorextraction)

3. m1112J'llllfl'lli!II{lJ (factorrotation)

4. m1111fl::Il'lllJilll{O (factorscore)nl11i'U'lfll1,ho1Ifl11::11'
• •
';'llflU'llft~flri",'hn111Ifl11::111fllJt.ntl111n1lJnll;lIltl SPSSIPC+ IllfltU'llflU'llfll~'1

• .1.. ~.I!" _.. '." J!l11al'll Lmderman, Melinda and Gold (1980) 'I'IUlIUlfJ111fl1111fl11::11IYlUI11 factor ~&~'IIu\la

"fll1d~ '1 ,~211 (6HiMlJ fluRnf( ifal,]''ll'ri'. 2535) ~U
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1. n11ilfl11::,.;'o~fi'tl1::n(J1Jl1an (Principal Component Analysis, PCA) fl111J1l\htl11'1l

~OD\I1U'~UII~I'l:: factor '~1J11)1nfl111JIItl1t111U'IlO~II~I'l::9l1Iltl1l~IJViu III'l::fl111JIItI,t1,1U

, 'w.I.... 'w .. 'W.I "~J')" 1 _.r .l~J'''
111J1::1111~fl111111('Il~Oll)lJl'I11nU2 11101J1nn11 2 mll1l1n 11'1 'Il~ flU11Jn11U factor'l1ml)::1J

~lU1UI,hfiU~lU1U9l'mtl71iIJViu lI~fl111JIIfln~H1::wh~ factor fiu 9l111t111iIJViuog~ factor

, ~, .. ~w~wt .lw.I.lJ''' ~w~w
Ilfll'l:: factor llJlJfl111JI1IJVlUllnU U'Il1ll::'I1fl11111111IJYlUlJfl11IJI1IJVlUllnu

2. n11ilfll1::,.;'i1Il~U111J (Common Factor Analysis, CPA) fl111JIltl1t111U'IlO~Il~a::

factor '~1J11)1nfl111JIlthtl11U'11J1::11':h~9l1Iltl1IiIJViu ~~'1ilillf1U~~111t11111J'ln~1Vio~ii

fl11lJHIJ~ui'fiu fi~'!ulfluiin11ii'lilU1U factor 1)::\l'oun"hlilU1U9l111t111ilJ 1I910lh~"~fl11J
I I d'l'" ~..~..

factor IIfll'l:: factor flHn IlJlJfl111JI1IJVlUllnU

"l)::n1u'Il'hlflUl1annmlO~ PCA lIa:: CFA UU peA VlU1U1IJt~fl111JIItl1t111U'IlO~~1

•• ." W.I .. ~J' ..I 1 .. t.l .....
1I1110Ul~UOU1 mll1l1 QnOll\l1UltllJln'l1t(fl flU factor IVllH I factor U'Illll::'I1 CFA 1)::fl1U~M

fl11IJmhtl11U'11J1::wh~~1I1t11t~f11lJ11aoi\l1ulflU factor '~lJln~t(fllflu'lifhu~a~fl111J

1It11t111UI~O~1J11)1n"'1I1t111Ifll'l::~1 ~~tUn11ftn\ll'111~~lU Numerical Taxonomy tliUllIJ\h

lJltf II91UnQmhlJltf\Un11ftn\llIl1u behavioural science

n11ilfll1::,.;'~O\laltluiinl1 PCA ~o\laliIJViu01VodtUitl'llO~fl::IIUUflul1;otiltrl1

HIJ~ui'1::11'~mi'1I1t11'lnd~'1l ,h~O\lati'~nt'1111J1111til principle component 'Il0~llJfl;n'll'til

HIJ~Ui"::11':h~~1I1t11 ~~I)::'IlHaaVli'lflutil tOlnu (eigenvalue) Ila:: I1nlflO;'lOInU

"" ~J' ' ~ , w. W.I .ltY.'l .. ~ ..
(eigenvector) 'Il~I):: Il'IfllIOlnUl'l11nUl)lU1UiIl1l1111'11 'IJIUn111Ifll1::11 l1ua::I()Ufl'llO~Hanl1

"ilfll1::,.;'fllIJ11aoi\l1u'~ ti~ii

- fl1'OInU IflUfh~lIf1fl~fl11lJlltl1t111U'lIO~~Ova~fllIJ11aoi\l1u'1l1flU factor Ilfla::

"" • ~ .l~J''''' w ~ W.I w::. ..I~-"" • Wfactor lIa::IUO~l)lnfl110InU'I1ll'll)::lJflll'l11nUvlU1Ufl11l111 fl~UUl)lU1U factor 'I111'11)~1'I11nU

~ W.I l' ' ~ , .. • ...1 ""!II' .1.1..1..1
vlU1Ufl111111i'11U fl1l0InUfllI11nll::lJflllJln'l1t(fl 'Il~I1JUfl1I1f1fHfl11lJII1l11111U'I1 factor 11 1

.. ~J" ~ • ..1 .. , !II ' .1.1..1..1
flllJl1aOIJt.l1Uli'l fl1IOInUfll11 2 IJfl110~a~1J1I1a::I1JUflll1f1fl~fl1'lJII1l11111U11 factor 11 2

.. ~ l' W W .1.1..1 ." .r.. ~ l' ~.I l' !II ..r
fllIJ11aOIJU1Uli'ln1Ul1a~flflfl1'lJII1l11111U11factor nOUl1U1UOllU1Uli'lOOn 11111111 I1JUI'lfUU

"I)Ua~til 'olnutilt(fllY1U 1)::ll1u'~111flOiinl1ii IilU1U,r111t11in~afla~laU 1l2111,r111t11'1l0~

fO\lal)::Qnltl~ou 'tlli'JU factor 1I~1~flllJ fi~'!Util'olnu1)::lflutil~I1'IJ't fril)111l11t Unmi'fl

laon factor ~'lidlfiqJoon'ti ,rUflO ~1 factor tfl iitil'OlnUU'OOn11 1 llflfH11 factor '!u
Oit.l10fl11lJlltI,t1'1U,n1ifi t~~fl6on't1'lil\o~1111J,VlI)1'1lI1 1l1uI11'lHa9i~nt'im;,t~~"1

.1 t ,..I.~.. ..~ " • W .1 ..
1111' l1lJ11wlIJ1VlI)111l11lJvlU1UUOUn11fl111111lfllJ

~ ..... , !II ....... , ..l
- 11nlfltJ' IOlnu IJfllJ1'1fnt\lllfla::II11111J\lfl111111\ln'llO~fl111t11t\lllfltl:: factor 11

fhu11l1'1ll)lntil'Oln\l flt! til'tJlnU 1 til lftilU11l111111n1f1tJi'ttJlnu 1 11nlfltJf ti~'!\l'1n1f1tJf
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'olnu;~i;,hU7Ull'U1;n1')ltllJfh'OlnU l,)ltllJIi1U7U9l7111l, il1l:a,)ltllJhu7U factor ~7fJ fh

J111U'n'IJO~9i':Jll1l,1UIl~1IZfactor 131U11~Ufl1,;jfl71Ul1U1fJ'lJO~ factor 1~fJllfi1lz9i7111l1llzjjfh
.I 1 1 4 ,:: v .1 1 .I.,.: v 1 ' v .1 w

\I~llttfl U factor fl factor l1U~lmuu fl71h/1 flllUfl1u111UnlJU factor fl\l~ llfl~~71917IhJ'fl~

, • '~l :: ,~ .l 1 4.v .1.1.,.; v .I
n1l17ll'lU11flOllUlfJ " flV factor UU "U1n 'lI'~ U factor l1U~'1 \lZlJ91711lJ111lJfl1u111UntJ~1l

• v v :: .. ,~' ::.1 l' V.I , ~ •
ttflflg11111fJfl71l1l1 MUUII~ll'lUl1flUfln ,,71 factor uu '1 lJ1ZnOlJ"7Vfl7l1lJ10Z 1lJ1~ 111lZU

fl71Ul1lJ1trhOVH" L';U
.1.1 ~ v .1.1.,: w .. l' 1

factor 'I IlJ1ZflflU"7fJ91711lJ1l1lJfl1U111URtJ~qflflfl fl71Ufl"lHIl1lZfl71UfJ17'IJM u

I J... at .. 1 ..1..1 at

llt1fl~71 factor U flllUlVlntJ7"Ufl71lJlllJ'lJ17UlflfJ7"U 'lJUlfl

.....1 ~".I ... I:'" •• , .
factor II 2 lJ1Z"flUi'l7V917Ih/111lJfl1Ul11U"tJ~qfl flfl 1I1U7Uflfl"tJflfJ 111lZ1I1U7U

, .l • .1.1.1 v •
flfl'411 Ilflfl~71 factor U flllUlVfl71UlIlJ1lJ17UInV7"U 1I1U7U

, ,.. 1".; v V.I 4. 1 ~. v 1 • 1f/
flfJH 1n911lJ {I1fl1ul11U"'lJO~917IllJ'l1U~'1 U'lJU1~ "l1lflfJ~"U U11111fJ'1 factor 111 l1fJlfl

, • ..: .. 1~. '1" .1
91flfl11flllUlfJfl71Ul1lJ1tJ'lJfl~ factor ~~UUlflfl 11ll'lUl1flOllUlVfl71Ul1U1V'lJfl~ factor "~ltJ'lJU

1 .I". 1f/ .1.1 .I, .'.J"I '.1.1 .1 ... .1 '.; v
~Vll um l1fl71lJlllJ11117Ullll911lZ factor flllUlfJ "llJ11l1lVUllllM II~Un11ll111l~fl1ul11U"

•
'lJfl~9i71l1l, 1~tJ1,rfh13111U'n'IJfl~llfi1lz9i71l1l1jjfl1tJ~1u factor lilfJ~ 1 factor 1l1lZjjfll1,,1IfJUti'1u

factor ~U'1 l;fJ"1i,,mi~m;17"h Multiple Factor Analysis (Sneath & Sakal, 1973) ~~lIz'll
v '.I,~ .. ~ till .. .. at I ,.I.l

Naaflllll "1I1"fl1'7IflnZl1 flfl communality value llaz factor score lJnfJ1IZlflfJ~ fl~91fl llU

. '" ,.I .1 .1 V.I' v.! •
• communality value IllUfll'nIlll'~~fl71UllJ'lJ'7U'lJfl~91711l'"911lZ917'nll'lUl'flflllUlfJ

,~~ .1..,1' • s, ,: v V.I l' .I ..
",,7fJ factor 'n11lflfl 1 fl1Ufl1U7lUlll"Na17U'lJfl~fI1U111U"'lIfl~91711111 UlI9Ia:: factor 'n11lflfl

.l • •
H tJflfha~t1fl~ 'lI'~l{lfl1\jjjfl1lJlfl Illl'fl~'h fl711J1l1l,1l17U'lJO~9i'7111l1U'Ut11U11flfliUlV'~1J1"

117tJ factor ~liiflflH 1Um~flaUtlU l{lfll0jjfllU'flfJ IIt1fl~'h fl711J1Iunj,7U'lJO~9i'711U"fu
• 1 .I.. '.J"I~;.lv .1 .1 V.\ .I

ll'llJ1'flfllllJ1fJ flfJ factor 'n11lflfl -II"'" UflnlllnUfJ~t111J11fl111f171lJIl1l'1l17U'lJfl~fl7lllJ1'n

• •
ll'lU11flfl;lJ1V'fi'1ulIflaz factor lflfJftflll1"fll13111U'n'llfl~9i71l1l1fJflfha~ll'fl~ l{lfl1U'UlJ1n

• •
llll'fl~'h factor U'u fl;lJ1Vfl71UIl1l,1l17U'IIIH9i'7111l,U'U'~U1n

'" ,.I .. J v V.I' • .1 .1 f/ "- factor score IllUflll1lJflnfl~ul11U"'IIfl~91711lJ171lJfl71lJlIlJ11117UlJ1nUflfJllfl l1U

t11lJ11fl131'1l1flUf1111lfll1::ti'~ufifl , Ul1;fl131ula~tfllJUllnU factor ~l1d~'1 l~fl~f111"'::1I1fJ

9i7'11fl~fhd'~ln9l'llfl~~fl\l1l 1l,zltl",r~'~1I1nf11'Mtfl factor score ;'Ifl t11Ul1Cl9l171lll'flUfll

d'~ln9l~jjfl11"'ZII1fJ~ll91nfl1~'1l111nfl1~U '1 'lI~lfJ (Norusis, 1985)
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9i'1Ilthafl"'!Jtla~ 1f1t1nmff1~9i'1m.h'",]~I;fJfli1 factor InnnqlJ9i111t.l11filJ~jjfl11lJftlJ';'ll;

n'll~1'll 'flt\'1'lll1d~ ''lllt.l~!J~nlJ0111;~ltf'lll1a1lJ9i111t.11 lla::!JiU1lJfl11lJl1lJllJ~!J~ factor M
.- .,.l!lf, ~ :

1f1lJ'I'I~11t1l1~1nfl111t.1"lllJ'll!J~flt.l1::n!JlJ~!J~ factor'll'll

... ;.,. )
O1l1ltlm:llmlllfl~11Il1n (DISCRIMINANT ANALysiS

_ ,~ • ... - --.11.11'1 .tOM .I ~ ~.
m111fl11::11~f1~111u n IlJ'llI'l1fl'llfl'n1~nafl'l1l'Il1'llm1 IlnlJtyI11InlJ1n\Jmnfl~111'lln

t.I,::1n'l1 1f1t1m1nfHnlJnUl1a1t19i111t.11~'ll ~~9i111t.11~!J~''llnlJm1fl!J fl11lJllt.11t.111'll~'t\'lJ1
11 .I • -, ~ , 11'" .1'111 - 'I ~

~1n'U!J2JaYl9::'I11m111fl11::11 nlJm1f1~nanl'1!J~llJ'llnlJm1'11I'1laflfl11lJNflVla1f1I'llmnfl

• 'I_~ .I .. • 'I " ~ ''I'" 11 .I JI.I.. ... .: 1.1/'"
1l1U'lln Il1lJ1n'l1qfl 1l~1l::'I11 l11m1llflnqlJ l11lJlJfl11lJ~nI'10~lJ1n'l1qfl QYllIl111m1'lllJ11'1lllJ'llfl'll

U1n fl!J Sir RonaldFisher(Norusis, 1985)

.- <I. ..... .. .. ,1
m11Ifl"::11~111'llnt.l1::ln'l1 1J1f1Cjlh::n~fl f1~'ll

.4 , ~ 'I'" ~ .1.1... ~.1 'I • •
I. IVl01::1J11an))tIl:: IflllJ'llfl1UlJ1'11I11flty'l1qfll'llm1ll1U'llnnqlJ

.4., - 11 'I ~ ••1· ... •
2. lVl!JlJ1::llJ'llfl11lJ~M1tI~ l'llmnflnqlJlJ1::'I11nnl'll1'll1l1n!J!JfillJ'llnqlJ '1 f11lJ

~ .I~ 1 ... - , ''I.l' 11an))tIl::YI1f1 fltlnU1::1Jfl11lJllJ'lln1l1'11n~!J~11f1a::nqlJ 1l'l~nI'10~

nn))tIl::~02Ja~'f'I'llnmifllilll'lln t.l1::n!JlJ~1t1 9i'111t.1,PlllJlla::9i'1tlt.l,!in,:: 9i'111t.1,f11lJ

.. ~ ., ,.I 11. ...... • "'I.l' ~ .1 - .. ~ .1.1
fl!J fI1lllJ1nqlJ"'I"I'1!J~mnlU'lln 011l1lJ'll 2 nqlJ 1110lJ1nn11n 11'1 Pl1IllJ1!Jn1:: flO fI111lJ1..,

Infllllnm1ft~InPlfl11lJUt.l1t.I11'll~!J~t.I1::'111"' ~t\'!J ~nunn))1 ua::l~tl1~!J~nlJillll111~t\'!J~nU

~::hi'llnl1U1t111fl11::,;'!JOfilrJ'llnqlJ 9i~J'll011191;lJlJ~!J2J alJl1f'I'll01171fl11::,;'1fllJl'I1flUfl011
•

iflhu'llnt.l'::ln'l1 fl11jjnn))tIl::9i~ii

I. ~!J2Ja~,.gt\'O~lrJ'llnlJl;n~!J~tlmf1",~~119i 2 nqlJ4'll't.I

IlII t I ~ ...... '1..1' 1" I'" ..
2. l'llUfla::nqlJ~::I'1!J~nllJl1a1lflnlJl'11n II'1!JtlH'll!JlJ 2 11'll1lJ1Ifl"::11 (OTU)

• I ., .. I ~... I • .. ... 1 "'!II ..
3. Ill'll1'll OTU ~!J~nqlJlJ1::'I11",f11!JlJ1~ 1l::'II!J~lJlJlnn11~1'll1'll9l1UlJ1"'11J'll9l1

.t ... I ," I

nll1'llfl'ltllan))tIl::"!J~nqlJ (discriminantvariables) OlJ1~'ll!JlJ 2 nqlJ

4. ,i1llt.l"nlJ IrJ'll9i1ut.l1nqlJ (niminal scale) "!J~9i'111t.11~t\'!J~m1iflli1ll'lln ~~!Jlll

In'll 2 nqlJ 11~OlJ1nnil

5. 9i111t.I1!in1::'I1;!J9i111t.l1til'11'll fI'ltllnn)) til ::"!J~nqlJ!J1~jj, t\',i~9T111t.11~jjm11f11::ftu

,j1~ 'I1~!l9i'111t.11~lrJ'llfl::ll'll'll (interval scale) 11;!lln'll9T111t.l1~ilfh 0 ";!J 1 (1f1f1nmh"'llfllrJ'll

111n)
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., a I ... ~ , ,... ~";""".I '" ;"... , 0 '"6. ~111lJ1flt'l1:: lI::t1fl~ UUfl11UrlU'l'tU1InUnl.l~111lJ1flU '1 UUtlfl UllJU linear

combination 'IIfl~iinthllil111d~ lla::llfl~iin11n1::1I111iln9i111.l1.l9i111i1111a1119i1 (Multivariate

NonnalDistribution)
• w 0 .1 .l!!l

7. nqumflll1~'IIfl~lJ1::'I11m'l1"ml1

111.l1.l9i111il111a 111i111il1

8. "'fl\!a'Ullfla:: OTU~111U1'f tl11M!llJa~fl11.1~lU'lni111il1 L'l'tn::~lii"'fl\!al.lH

d1U'II191ff111'iI (missing value) 1I::'lil'~lfi9ltl11UlhliilJ~'Un11i11::Ult11th11l •.

. 9. n1111fln::,.;''91'l11Un 1I::llfl~iinm;'l1u9Imiu'IIfl~il1::'I11m 11;flff\i1lJl1fl11::,.;'

'Unnl1tln::,.;"91ihllun ii1in11fimtlllul9i111illl"'lUl11tln::,.;'fflt'1Un11'91'1I1Un ll1j~
•'Il 2 111.11.1 A~a

..l ...... ..I., ....1 ... tl... ~ .. • .... ~ ...
111.11.1'11 I 111nn\'lu1Ifll~111lJ1'ln9l111 1Ul1ltln::11111t'1Un11119111111Un 111n11U'lnm

llil,l1::flg'Ut'lUn1111I1'h1J1~9i111il111::iifl::llUU'unn'91hlun~l

111.l1.l~ 2 lrJu1in11fi1l11t111fi111il1~1I::1l1U1'f1Un111ltln::,.;' 11;fl9i9lflflnnnm1

...., ., • .... J IV tl.l.. ,... • "
11fl1l::11111t'1Un11119111111un 111n11U'lnmll 1\'lUtl::llUUt.t~ '1 Un111191111I1unv::!lg Ut'lUm1

, ..a .. .1...1... .. • ;... t ~ ...
'I'lltli::'I1mlllJ1\'lUtl::11'1'11191V111'1n9l111::Un9l9l!l!ln1I1nt'lUn11 'IIU91flU'IIfl~111nrr 1191 V111'In

1 .... ,1..: ... I .., tl' ...... t..l , I' 0 0 W ,.fw W
91lJ111n11U flfl 'IIU9IflU1l1n 'l't1l11t1111191111 1 91'11UflllQalJ1::111Hnqu U1l9lntmnU '1'19191911

.1 W 0 t .l - 0 W tl.l .. ow •• ,.. , w 1
lllJ191~nal1fltln 'IIU9IflU'I1t'1tl~ 'l'tVl1t11111mll 1\'lll1afltlg~111lJ1 91Ufl::llUU Un11V9I~111Un

'
.f., w tl w 0 11 .J - i w 1 .1 ' J w w il W , 'tl.l

t.t~ 'I'Iul91111 1f1~nal1 1'll1\1n1111fln::11111t'1Un1n9l~111Un lla::Jl11'l1UUn1.l9l111 191191fl '11

., 1I.J - i .I , ,.1_ i w. I , " , w. ; ,
1I::ul1'll1\1n1111fln::11 'lf~ U1::ff1H'I111fln::11111n9l111lJ1 91Ufl::llUU Un1n9l1l111Unfl1 'I

w .. ,~ • w tl.l .. 1I.J - it J!
t'lUn1111::unfl9lfltlnnnt'lUn11 111tltl111 'Il111n11Ulf1111 1'11mMl'll1\1n1111fln::l1mffU9I 11111

... t ..... ... tl.l.. , ... .: ., -,11
UtlfllJfl9l1aflnmll 1'11Ufl::IIUU Un1111flVll1Unfl1tlflnmlJl1Mn "

o , c:& : ...... , " ......I .. .... ... ..I..... tl.l... ,
fllJl~ 1nfl1U'I1~t'ltln1l 11f1aa'l't1l'l1lffUflUnU fltlt'lUn1n9l1l111Un'l1Ufl111 1'11UtllU111 'I

nn'91hlunt.t~tlg'ut'lUn11

'unnfillnll.ll'h"1I1tl1'91iitl11Ud1fill/"flt'lUn11'91'111unuln,1fllJl;jlJ~'fl '~fiVntlll
o 0 .I,~ .....""... .. .. II' ttl

1I1ntl191H'l '11 91V1nflnn111Ifln::ff 'lf~t'l1Unafl1ltJ111tl11UffUllJ'IIfl~n111Itln::ff 91~U

- fhd'u'J1W"tl~fhd'Ulh::a"t~Ii'lUtl::llUUUl911J1U'IItl~i1I1tl1'Ut'lUn11 iiVl1ll.l1fh

-!I..' ~.( w tl, .. 0 0 w tl t '" ... wow • .;
r1UlJ1::r1'1111'11tl~f1111 1 flUfl1t.t~ llt'l9l411f1111 1UUlJtl11Url1tlll/"fln11V"V111Un"tl~t'lUn11uU

" ", • .1 W..l tlw 11 .I t
- III fllnU (eigenvalue) IlJUfll'l1l.1tlnfl9lnrllUnlm 1f1U'IItl~'IIfll;la 'I1t'1Unl1UU

tr1unafliul11'1ll9llJlilflfl';U,j'fl11UIlt.l,NU 19l1Jfhulll.l1l1nflaffn1::ffiHfh'tllnU'IItl~trum1
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JunllNa'1lJfh'fllnU.1n'lntllJ01ml!'U,j1ll1l1t1 100 dlfh,r~nnl1~~ lltlM1101'lItl'NU

, ::1111~milJlJlnn1101,IItl,NUllltIi unqlJtl'::'111fl'

- fl1tll1nlJiui fillUijflfla (canonical correlation) Ii1 'IJ lJlflnifl6ftnfl11lJnlJi'IJ i

,::111Wl::IIU'IJ01' Ihll'IJnn qlJ "1 i ll'VI' 11111tllJlinm tIi unqlJtlllJl'(lfli11ltJfl11lJlItl,NU"fI~
•

,j1I1tl,~tlnfl{JfI~iutllJnmJln~fltlIYltl~ifl fllUi"'lJ,.,fltiftnft1'IJ"fI~Na'11l"fI~fl"1I1hNU
•

, ::1111~nqlJ';flNa,1lJ"fI ~01tutl,NU,j~I1lJfl dltJfltha~tlfl~fllfll1Uijnea Ill!1iifl1q ~ IItlfl~11
•

tlllJl,ai .ftllJn",rUlll';lu~nqlJ'Ilfl
•

- MitlfllltllJfll (Wilks' lamda) li1utiftnft1U"fI~fllNtl'1lJ01mtl'Nu,j~l1lJfltJntilri~
, • ~ : '" ,.Ii1l ,.I • .I~ l' ~

tlfl~flflNtl'1lJtln01Mtlfl~"fI~'n~l1lJfl IlJ'lJfl1'n 'IJ'nfltlflllfl1I'1lav"fI~nqlJ'n 1"'lntlIlO1"f1

~ll1unJU"I11iifl1l'rhnUI1;fI'lI fll1tlfllltllJfll ,1l'IlIi1ufll'nfltlflll'nHtla9i II';'::\Itl1tl~tluli1u
• ~ .... .1 ~, , .. ':'.1 ~ ..

flllfltlllfl1' IlJflu,::nflllnllfll Degree of freedom (OF) Iltl::f11fl11lJl'IIfllJU'n'::flllI1U~

1Il!1tlllJl,allflflflll!tJthfity"fI~tlIlO1,Juill dlfll1aflllalJflliifll~fltln111 IItlfl~11tllJ01'~

'lliifl11lJlltl,HU'::111HnqlJlJlnn1101t1iunrjlJ IItl::dlfll1tlfllltllJflliiflll,hnll 1 IItlfl~11 'llii

fl71lJlItl,HU,::1111~nqlJ iill';fl11lJlItl,NU01t1i unrjlJ

• fhifltlllfl7f (Chi-square) IrJun1,;inlllf111lJllflfl';m::1111~2 fllill~U'tl ~~'Illl"'fl

01'1Ifln::,( One-Way Analysis of Variance dlfll'fltlllfl1fiil!tlthfity IItlfl~11 flll'1l~tI"fI~flqlJ

1l1ntlllfl",rUllftn,;wiu JUflfl dl P < 0.05 IItlfl~11fl11lJlltl'HUtl1t1iunqlJjj~fltllJln fl11lJ

IItl,HUft1Ui 11q11i1Ufl11lJ IItl,HU, ::1111~nrjlJ

()fh~ i '~fllll iunmiflilw:htllJ01' ifltllll1,ai.fluflml1j~nqllM~ .::fYfI~i.ffl ltla9i,r~

nnl11l1il.l'Gl1tl,::flflllnu 1fltltlltl'"'11 tllJ01, ~jjfl1i fllnUlltl::fhtll1 nlJiui fl11UijflfI a~~

IIfijjfll1aflllalJfll~1 lIa::fh'fltlllfl1fjjl!tlthfity IItlfl~11tlllJl,ai.flU01'''lult1flqll'.r,; IItl::

dlO1''nfltlflll lhu1.01' 'f1hiUn~~"1, IIIfltl 01'1111tlflfl 'IfU9i'01'"lUlt1flqll"fI~flIn~lnfl'ln

tllJ01, dljjflllJlfl IItlfl~11tllJ01,Jujjthul'01"flhlunq~ iU1J1~mQl~tllJ01,iil!tlthfity

llfijjfll'fllnU flltll1nlJiuifllluijflflaflflu~l~~l lIa::fll1aflllalJfll~~ i ll'ilmlll101'''lUltJ

nrjlJ.lntllJm, dljjfll~ll1tlfl~':htllJ01'~'lljj61Ul.iu01' 'fl~lI1Ufl~l lIa::'llfl1,1l1tllJfl1'~

111'lllJ1i.flUfl1, ';lUltJflqIIfl1n ~Iflft~ '1l'nnllflrjlJ IVIn::e1.';lUlt1NfIflrjll, II

•
Ufln.lnUU~tlllJl'a'nfltlflll61U1.fll' 'fl~1l1Un"fI~ tllJfl1,, IIIfltI~.1fl 01'n,::'lt1"fI~fl1

n ~lnfl"fI~llfia::nrjlJ ~~tilU1111.1n01'II'nUfl1,j111tl,i Utll101' #l1t1fll"fI~,j111tl,,, fI~fl1n ~Infl. , .. ,1' ~ . l' ., ~ ~ w. .I, w
llfla:fl1llJfI "f1::IIUU'fI.l11UnIl111 ulfl::IIUU'flvlI1UnMnal1lJl"lfl11lJa"fI~'111~fl::IIUU'fl

91I1un Ill!11l1lJltlfHlrJUitllflllmlJ dIn,,n,::1l1t1"fI~fl::IIUU''''111Ufl"fI~lIfia::milJ'lljj

ft1Uiflfll11lfltl1nU IItlfl~1UrlJnmi~nnl1 i.flun" ''''l11unlla::';lult1nqllfhn~Infl'.r,; 11
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J .s.." ... ..1.. I ... 1 ., '" I .. I I d ..
0l1'\lII1)Jl::n 1111t1fl1tl1'n)Jflq)Ju1::1fln1ft7f1UHIWU~2 fll1)J 1l11::)JflWtlltr)Jfl71 fll1)J11 ~'::)J

w • '" .... '" .4 '" • • .:J.I ~.t.J. '"m1n1 ::'lU"fI~fl::II'\l\l""111\l ruu\ltl7fl 11ftflflfll1 )JIll\llltl 'HI)JUW.l1tlIlfl1n)Ju 1::n YlllYllll\l
•

fl::II\l \l)J1ft1J1\l"M 9i'711tl 1, \l tl)JOl1 1I191711tl1 ,,,iifh\l~IItrfWhnfl)JtlI::tr\l iifl71)Jllftflfi HI)\l

)Jlflllll::lrI'\lafl)JtlI::~dlfltyfifl0l11i'''lhll\lflril11;tln1tii~iiflll)J)Jlflfl112 flll)J trfl.::111tl)Jfll1
w • .J., .. .J... ... .J. .J. .J. ,
""111\lfl'lfltl)Jfl11'n 11111:: 2 (l\lmtll'n)J 3 fll1)J) 111f1tlll0l1'n 1 tl)Jfl11'n2 1l1l::tl)J0l1Yl 3 (I\l

n1tii~ii)Jlflfl'h 3 l1ti)J) lla'7\hfllf1::11\l\l)Jl11~'''tI\lllfl'\ltl)Jflmi~fllh7 .lfllr\lVlmtll1'h

.,. I ,... ''1)..1 ~ wI'
f1::11\l\lfl11""111\lfl"fI~llftll::flll)J)Jm1fl1::'lunUH11 llfl\lYl 1 llUfltl)J0l1Iflflnn.lflfl\ltlH

I ... ., ..l,....J. 2 WI ... ., • I -. .,

11f'\lI"U7fltlllfl\ltl)J0l1'n 2 111ntl)Jfl11Yl 3 \11 1)J)Jfl::ll\l\lllfllll11\lfl"n~flll)J IfillUflnnflll1flfl\l

mh~lfI\l,jfl lltlfl~11tl)J0l1VfI~111\l fl~111 '~iiti1\l111 '\lfl11V"~111\lfl~l llfilllWtl11fl::ll\l\lVfl

• I I..... ., I I., ..... -1 .I.. II "I J/' I I

11111\l IlliftII::flll)J)J011 fl1::II1UllVflfl\lnV1~ Ifl\l1ffl 111n)Jn 7\lfl111 IflU7fl\lu H 111fJ7111ftII::fll1)J

w , W.I ,.J.... ..4 " , .. " .1 ..
llUflfl\ltl\lllfl\ltl)J0l11f1 1l1l::ft711u1 IflYl)JNllftflfl1111Vflflq)J 'II~)Jfl'l'ltlltl)Jfl7111::)Jft711ullWV~

'to ,..I .. oil.. .,.. I ... .. I

l)Jflft7Yl)Jfl71)Jn lf1tyftn0l11If1.111\lfll \lllftll:: tl)Jfll1

... ;.. I

fl111lflll::11Ol1l!f\flfJlJ (CLUSTER ANALYSIS)

.. ;"'!If __ ... ; •• .l,.J:'ll IV I ~ ......

0l1'11flll::11fl11l!flflq)J Ill\llflfl \l fIrm71f11l::11Yl1~ tlaftYll'II I\l Ol1l!flflln ~Iflft'nlJllfl)JtlI::

d)Ji'\l1i'ti\l 11~niifJtlIftfl)JtlI::~fla'1Uti'\l1;1117lJflq)J IftU7n\l 1flvVlIII1tlIlfll"n~91711tl 1, \lfll
•

d~lflft;)Il::~ 1I1NIl17)J"n~Nllfi1~fhft~tln~"n~9i711tlllftfJ1n\l1::111whd~lflft';~tln~iifllU'nu

fl11flld ~Iflft~~\l '1 II::17lJflld~Iflft~~tlfl~;1mT\llrI\lflq)JIftU7n'\l IIa'7Vl1111tlIlflld ~Iflft~fin , tl

Norosis (1985) I1th711 m1ilfl11::Mm,vflflqlJllll::fl11ilflll::Mfl11Vfllhll\lfliifl71)Jfla'lU

,,'" '" ..J.,~ ""',,. , .:J ,.¥ " " ,'" •fl\l l\lfl~1I1fl111\llflfl\lfl'n 1'II7Iflll::11IWflllflfll1)J"fI~fl1n~lflft 11111g l'\lflq)J Iflfll1)JI1'\l~ llft0l1
... ; :... .....l I...... .. ,., J! It ... •
71f1'1::11'n~tln~lJll\l 7fl71)JflflYlllftflft1~fl\l flfI fll' 71fl11::11II" ,,111\l flII:: tl,H tl)Jm11If11I111\lfl

• .:J.J. •• : .. • .J.~.l"I.I.! • • .:J • !'\
1I1flflln~Ifl"'nYllltlflll)Jll\l\ln\l 1I1fl\l\lIl~\lltl)Jm'YlI91lmll\llVfll1)J"n~fl1n~lflfl'11JJfl71)J

Qfl~n~IYiu~ 'fl ll'\fl11ilflll::Mli'flflrj)J II::'l.ifhl1~ihflq)J"n~flld~lfl" fin 'l.illn~ Ii'flflrj)J"n~fll

.:J ' • ".. " ... • , .:J '" , l.t!! .. ,n ~Iflftnn\l111'71fl'1::11 II"1I::71fl11::111Wn17)Jfll1)J"fI~flln ~Ifl"lU\l flq)J'1 flVIu'Vtll'nfltlfll

".1 • .:J " ".J.~.I''' • '.:J "'...." ".J.~.l"I'
"7I1u,,,n~fl1n~Ifl" NllllWtlYlI91flU 0l111tl~f11n~Ifl"UnIllU\lfll1lJ'1 'II~Nllll'l'ltl'n 191I)Jtll)Jl,a

\21'tl1fliuntJnrj)J"u~tM~1fl"'fI111l.id',A'
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w f, ,~1" • 'w • "" • ,.4 ~Y.'I .1 '
MIJUfll~nnn II'l11 mnlfln::Mm19f1~1UUOI1JUm'1Ifln::MIWfll'D lumhllulvnqlJ

, .:J ..l • 'w 0"" • ,.I , , '.:J "" •
'IIfl~fl1n~ln91 nlun"1Ifln::Mn"~flnqlJIUUm'1Iml::MYlll~fl'1~ll'fl1l11flln~lOflIUUll'lJl'l1n

'IIfl~nqlJlfi!l1nUM;fl ~li

• ... ~.. I -=",W tI 't1 ...
lYlflUflm'llfln::Mm19flnqlJ ~l91q '::ll'~fl 2 ,::n" flfl

.. .- ~.. I r ~ 1'" ... 11 ..... I ..

I. l'Viflllfln::MllflnqlJflln~lnfl flVWlllHU11l1nflflnmllJfllllVnUM'flmllJMHnU

(fl1ti~ln91tfl~ilfll1lJfl~1vtiUlJ1nM;flilfll1lJ~h~nu~ooIl::QnllllJl'llJlrJUOlllJlfivlnU)

.4 • 'w 0 w tI w t1' .I.. l' w .... .:J. w 'w
2. IWflllfln::MllflnqlJmU '(fllIL 'lflYllJfll1lJfllllVnUM'fllJmllJnlJ'ViUlInut;I~un::

t UYl1~1J1n Il::\lni'flflgtUnqlJLfivlnU)

J!.1 ~ ••• 'w' J! .. w w"" w'~~t1
'IIfl\jaYllMlJl::11'lJ Ium,111lJ11Ifln::M01'IlflnqlJ f1fl~lJ'::fl1Jm'lflluU'::fl1J'II1~'IIUI

M;flilfl11r1U 0 M;fl I ua::M10lrJu9ilutI,nqlJ (I'/U fl1;W lWl'l) ~llfl~utla~tH'lrJu9ilutI,~u

(nmhMUfI"111') I'/Ulfivlnu.flfl\jatu01'1lflmH'ulli'v

, ., .:J '~1' 2.4 w t1.1
fl1nl1'::V::111~'::M1Hfl1n~lOfl1'JnoM111'l\l1nNa'llJ'IIfl~ (x"cx,,;> IlJfl p = mu ,Yl

,. t ... t1.1 l...t 'I. I , ... : _ t! ... I I I I

I ...Po i ua:: j = fl1911U m i un:: j f1VYl i IlJlmnu j \l1nUUIU'VUIYlV1I11'::V::M1~'IIfl~0fl1

..; " " II

ti~ln91tflilfl1~flVYlrrfl 1H'11lJfllti~lOfl~uulrJunqlJliivltiu tlJ';Ui3fl1ti~I09IIl::lMiifl n-l fll
• ••

1l1nUUM1fl"::V::';1~'::111Hfl1ti~lOflt"li u~lti1011lmV\Jltivu,::v::,.h~IMiiflu.flHlluft~UU

fl1n~lnflll::afla~flf~a::I fl1 IlU01::,f~ ~lill'llJ1' ll'llJnqlJfhn~ln9l~ilfll1lJfI~lVnUMfifl~ tI

Naawi'~~~,jO\hlll'Ufliult1lflulfl'U01lJ (dendrogram) ~~lrluuNUmWUll'fl~01"llJnqlJ

'IIfl~fl1ti~ln9lu9Ia::fl1l.fl11rIUnqlJ ., 191Vilfl1'::v::lh~Himeu Itivu11 fl1ti~109Iu91n::fl1ilfll1lJ

.. w " 1''' 0 ,~ ,... w l.l~ l' .4 fi
lMlJflUnUflV1~ , ll1lJfl1'::V::M1~t1flVUll'fl~11IMlJflUnUlJ1n 1l101flU fl'U01lJYlII'l IlJfl 1MUfl

.1l...l,. 'i. ,... ., '. I I' ... I.J! I""

IllUYlfl1UM'I ~ fl9l1UM'I ~MU~\JU fl1'::v::"1~ fl1II'Vi1I11lJ01'UuenqlJfl111'~Infl fl flU'II1~ lfl 'I 'lIfI

.. ~.Ifi ~ .r0 ~ ~l 1.... ~ ~l
I1VOlllU'I'l 1"UfI'IIUlJ1Ul1 InUlIUflU (phenon line) ua::lflU f1'U01lJl1U~ ., fl11llJIllUlIUflU

~ l' ~ 1 .I ,~ 'i' ,.I.. 0 0 ~ ,~ , ~ d
II'lMn1V ., 111'1 f1VYlUfla::lnUIl::flg Ufl1U"U~YllJfl1'::V::"1~UflVn11l11UU'n ., flV1~ l,n9l1lJ

~ ~ ~l i 1 ...I ~ :: ~ ow, ~ 1 :: .. , ,
"lU1UlnUlIUflU '1191'1 f1'U01lJ ll::lJOlllUUu'IIuflgnul1IulflU f1'U01lJUUm'lJnqlJ'IIfl~fl1

ti~IOPlrinqlJ ~~G;tml1ll::lrJUG9iflaulfl~ uflnIl1nOfl1\llhlll'UflNtlawti'lu lt16iMlfla (icicle)

flrh~~'~fl1lJ,j0lll'U flNafm11f1n::M"uuuUII' Olwn::~I'!hi ll~lVn11
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.. <!! .... , .. 0 :: .~ '.11.1 ~ ,
l'nfl\lflm1"mn numerical taxonomy 'lllm1flH'1 flnnnlJlfl~'UJflullJl 'IJlJ1:mllln\l \l

.. .. .1 ~ ,Y.~ ~ ~ 0~ .., 0' .. ~.1
m1'llfl11::11fl'lllJlllJ1H\lUn:: 'IJflfln\lfl'lllJ IlJ'II"I~\l'UU~1'l11ftqlJflH '1 \l110n::lUtIfl "~\l

m'lll tJ,:lfl'l'll (2533) ';lm,;lmniil'1rnl'\i\llf'llfl"fllU~,"'II"'::lJnd''lutJUYH
, .1 ~ 1 • <!! ~ .. , .1.... .. .... ~ .1 J!

(Afgekia Craib) \llJ1::l'nf'llfltl "0fl1m1"mnnU'I'l'll \lfllln\lfllJl1'lO~ 2 'II\l" flU a'lUlJU'lJl~

(Afgekia sericea Craib) 1111:: n\lntl (Afgekia mahido/ae Burtt & Chermsirivathana) ~~jj1"1l
" ... w .."...... • l... !!... Ii ...

tJ1::fl~fll1'ltl11 lfl 'lllJfllJ1'l \lll~1\l'l'lfll\llm11lIH1'l'llfl~flU~ 'II\l" 1"tlm1"mn'llfl11::11 nnll tlJ:

~... Ii.. "... ... .. ....1 ~ ...
ntlJ31\l'lflOl l'llllll1'l\llf'llfl'" 1'llJa~nnlltlJ::fll~fl"'lVltll\J1~lJ1::m1 ~lnHnnl1"nlllm1'l

.. ~ .:J" ~ 1'~ ~. , .. ~ ..
Ifl11::11nnlltlJ::ntlJ31\l'lflOl1'l1J 20 nnlltlJ:: "tI 'IJ'lllm""~lll\ln 1'l\J'l11J 16 nnlltlJ::fl

•
fllIJ11a ,n\lm1,,,hU\ln,"'IIn~flU~'IIii,, ,t\' Hllm1;lnlllftnlltlJ:~tlJ31\l1"011lU~n::UU~I104jj

fI'l1IJfl~10flS~n\llJln Hnnl1;lnlllftnlltlJ:~tlJJ1\l1Vltlllln::t\'1\l\i\l1f'llfl"fLi'l\l11ft~Jl\lllfl"~

,,rn1\l11 ,"'IIi~flU~'IIii"~ud'\lflQlld''llltJufl~jjfllt1~lJ\i\l;VlH11f1l\llm1'n~lfio~n\luee. ,
~UlJn~lnn,,;lnlllfl1~iil'1f'lm11fltll ;l,,r111\l11ti'llltJufl~Il11::n\lnO't\'Nl\lft11tJ;\J9i'l',r

1MIJ1::fllJ,jUflfI1'1'lU'l"~UIJ1I11~u,jII::il\lUlffUlllll~'l, \lllM"

,jlll'!nt ilnlU\l,;' (2535) ,;m,,;lml1'u11l~fll'nIJliimfll11~1fln~lflMll\l (Me/astoma

vi/losum Lodd.) ''IltJ,::IVlf'lhw ~'lo1in"fl1~ Numerical Taxonomy un: Isozyme
• .1 ..,.".. <!! .. :: .1 ~ ~ .. "

Electrophoresis ~l'1l'l'lllJ1::'IIlft1Vl 'II l'llm1"nllllJm11IJ" 6 lJ1::'111ft1 'II~ft1::~101'l\ll11g \lfl1fl

"::l'1l11Unlla::fI1fl"::1'1l1111matl~l!1Ullll11~hw fI11;lnlllt\''l01im11Ifl11::,;'fl1~ Numerical

~ ...... " ......... "U'" ... " ...Taxonomy "'l0Iflfl'llflm1'llfl11::11'l'1'tfJtlJ 3 l'nfl\lfl flll m1'llfl11::11 "0 ft111lfl11::11m""

nqIJ Iln::m11Ifl11::11'm1,,,hll\ln 1"lJ'fftnlltlJ::1l11~9f\l 'U sen 1I\l1"n::llll~1104 ll\ll"llU~
.. ... ", .. I :

IIJllfl , \l m1'llfl11::111'l\J'llm1IltJ,H\lfl1lJ'\l1l1l:1:11 'l1~tJ1::'IIlft11l11~ 1fln~lfln~1l\lVl~ 6

tJ'::'IIlft1 ii~'1JlJln'l'lU~~:';1,,rfllIJ11aIlOn1fla~lfla~ll'llll,ja:tJ1::'IIln111um\'J'Il1:fiu~~ln11

'lliifl 11~lll\'J\l'lliifl' 11li't\' rh\lft11;lnlllIlUUUH\l '1l1'11''II111::UUltJllfuun~lflfllla::lllfll'n1l11fl
•

llU~Ifla~lfla~lI\ln~ 6 tJ'::'IIln1 ?m11 jjn11lItJ1H'IlflH\i\lln"IJll11~II\l,"'IIfI1t1'\ltJ1:'II1ft1

IMtI'ln\lIJln il~'0~';1,,rlnflft11IltJ1H\lfl1~\i\lln"lJfI10'\ltJ1::'IIlft1q~ \Jl~::I\'J\lHalJl~ln

rrn HflIJ~lIJtJ1::'IIln11f10jjIlIJMI\'J'Il9hli'llJ ~~~::';1',rn11lItJ1H'Il1::111HtJ1:'IIlft1~Utla~

Small, Cromplon & Brookes (1981) 't\';lnlllU~ft11J1111\l1l11~,"'II'l~l'1d''l tribe

Trigonelleae tJ,::nllut\''lv-n11ftqIJVUO Medicago, Meltlotus, Trigone//a Ila:: FoctoTOvskya ft11

;lnlllftnlltlJ::~tlJJ1'1l1fllJl11t;,~a::ltiofl 't\'lI1h Trigone//a uumi11J 2 section ,t\'uri Trigone//a

sect. Trigone//a nu Trigonella sect. B~1'tlJU ua:~lnn,,;lmn Numerical Taxonomy 1flon
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• ~ w ~. • ,~'m11lfln::ttllUU Cluster Analysis 1I11~an'lW::11W!1U1tlUl tl'1JJ"allllulU "11 Medicago,

Melllotus ua:: Trigonella ilfl11JJnJJ~U.ftnu tUll"JJ'lIlfi u,,'1JtI'1JJ11auti~nqJJIWnllllnJJ1'~
•

Ulh~ifll'U Nam11lfl11::11'Yl'llR~m;'1n~ 3 nqJJ ~1unm11lfl,,::11'll\JtJ Discriminant Analysis
04 .. , .. I .. ~,.rtl I .....

lYllltl fltl'llufl11JJu\hNUtunqJJth::'lIlmfl~na11 , ~Nanl11lfl"::ttu~'lI111tl"U11fl11.::'flYI'lI

i~tI'1JJnqJJU~tutI'Qal9iu1nu ll,jm1;1n'l1an'lw::~ufln,jl~nUlIll~an'lw::nW!1UltlUllil1ffij

m1'flnqJJYl'll tribeTrigonel1eae '~lrlU 2 nqJJ flll

, .I '2 'nqJJtl I "Un Medicago, Factorovskya ua:: Trigonella sect. Bucerases

nqJJ~ 2 '~uri Melilotus ua:: Trigonella sect. Trigonella

w .. w .tt-"" "w'" w 2 w JI w .. ,.I
an'lw::11 lfltytl 'IlIUm1uu~nqJJfl~nal1flll an'lW::1I11~111U'l!lOtI'1fl1.., an'lW::naUfIllntl'1Utl
'" w w .I .. w 11' 11 .1 'I\JU wing nu keel, an'lw::lIu~ standard petal tlJJan'lW::flrl1unqJJalUlnulI"ngJJlnml 3

nqJJ an'lW::nm~IlJJnUlIll~ staminal lobe an'lW::fl11JJll\hHUR~nrll1t1'1JJ11ati~ulln

11"'Ulm11111~Yl'll ~~1l1'lnfl'1nm1NtI'JJ~;'JJ~ui R~~lnfltunqJJMedicago '~~1U

Baum (1983) nlm11Ifl,,::tl'nn'lw::nWJ1UltlUll111~ Hordeum IilU1U 5 'lIUfI tunqJJ

lIU~ Hordeum vulgare ~1UmflUf1tlHflllJJ';1Iflll{ 1flUii Discriminant Analysis tl'ltl'~11 .1n

.r;1l\Jan"llfl11::11'an'lwtnwJlUltlUln11Iftl'1JJ"a'flmjJJm~ll~n1JJ11l1Ull11~Yl'llR~nrl11

ullmrlu 3 nqJJ flU

nqJJU1n '~uri H. spontaneum, H. districhum ua:: H. vulgare

,.I '2' .. '" ..1 •nqJJtltl'll~ i'llln H. agrtocritnon 'If~lUU'lIUfltllnfI'1nm1 hybridization

,.I '2' .. '" ..1.. , .w 1 w ~nqJJtltl'1JJ "un H. laguncuitj'orme 'If~luunqJJtlJJfl11JJ JJ'lIflI'U um1flfl11U .1n
• •

nl1;1n'l11~JJlfiJJ ilttanJlui'lu6u·:hYl'll'llufI\l\l1.tlrluU11fl~l'l1l11~nqJJfi~nrll1

Baum & Bailey (1983) lilm1fl11.tI'IlUfl11JJutl1HUlIll~ Hordeum vulgare (Sensu lato)

1 !!'l w • 'w ~. ".1 w
flUm1nn'l1an'lw::ua::1Ifl,,::ttan'lW::11WJ1U1tlUl fl1UtI unu H. spontaneum C. Koch.

"!!'l" '" 'tI'1"I .I w ..: • tot' '" ... w • ,IYlllnn'l1a~f111JJIUU I'IIUm1tl'::'fl11JJ'l'l'llmtl'll~'lIUfl lflUU'lIUfllflU1nu Nam11lfln::11

~1un Discriminant Analysis tl'ltl'~11 a~ul1 H. spontaneum .::ilan'lw::nWJ1U1Y1Ul~ilf111JJ

tl
w 'w,' .tw t.t'''' ..... ''' w.tl' ,~u 1NU\1~ UflU~ JJJJlnfllltl.::.fl11JJ lfluU'!IUflltlU1111111UU1::flUtl,,1ml H. vulgare i'I

B8um & Bailey (1984) nlm1;1n'l11~1l~1I1UfI'!IUtltlfnuY;'lItI'Qa Hordeum nqJJ old

world tu section Horduastrum ~~Ii'lu.r;llaOlilu~nUJJln '«nln"1Ifl11::tl'nn'lw::nWJ1U1Y1Ul

t\'1I1nn"m; Discriminant Analysis 3 n ftll LinearDiscriminant Analysis, Canonical Analysis

of Discriminant lIat Nearest Neighbor Discriminanat Analysis Ha01111f111ttl'liltlfutl~Y;'!Illlln

---------------------- -- -
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I;'lU S lIUfl '~lIri H. marinum sensu stricto, H. geniculatum AU., H. glaucum Stcudel, H.

murlnum sensustricto1I11Z H. leporlnum Link. tUn11'flIi111'11n,nfl1111t1fJ\jn12J1111U YlffJ2Jfh

Ringius & Chmielewski (1987) 111n11ftnll1fl112Jlltl1HUfl1tJtU 1I11z,ztl1Hmj2J

t1'Z'II1n111f1~ Trillium erectum ~lll;tVfJgPl12J1I"2J'lI1;itu Ontario 1i1U1U 6 t1'Z'lI1n1 1fltJftnll1
.. ...J..,~ ...:.
1I"",1lIZfl112J tl2J2J1fl111fJ ~fl fin fl112JtJl1l1 fJ ~nlllllll tJ~lIl1Z nllUflfin nl' lINm1~11fJ ~ tJUfl'n11l1tV

~ " "" t ., _I ., • .I ,.. ....
lIU2J1111nWUflU YlU11nnllIllZfl112J1I1J'N'IIlIfJ~ vegetattve character lIuugnulIUlflllfJ~'I'l'll m

t-J! - ~oJ.'2 .. ~ w ~w , '.1 oJ. -'2 'lINnfll'1Ifll1Z'l1'n ""tlfl~N1I2Jfl112Jn2JYlUlInU'Z'l111~nq2J1J1Z'lIlfl1'ntl12J1HIUlIU1tJ "UtJ1~

w .1 t-J! w, .1 .. w " ':w"il w A oJ.
'lIfllllU 1I11Z,,1 1In11ll'lflq2J1IU~1J1Z'lI1fl12Jfl112J'lIfllllU'Z'l11Hnq2JUflnlllnUtJ~2J lllltJUU'l 'n

.. I .1 ., I 1!1": ..... ~ .. ~ I I ... ..1 <Ill .. 1
2JNlIPlUfl112J1I1J'N'II'Z'l11Hnq2J1JlllltJ'II'II flU lInllIllZfl112Jn2J'I'l'llllflUYl'll'n'nlll'tVlflU fl

'.1 ..I.... f ... d', •• ..l... t

YlU11 1J'Z'lI1fl1'nlll'tVUgU'II Paleozoic limestone 1I1I'IIlfllnflfl111J'Z'lI1fl1'1'lIIl'tVUgU'II

, ~ w~" , '" '.1 'w oJ. tYo!lt ~Precambrian rocks 1IP1fl112Jn2IfI '11lIfHna11tJ~ 2J1Jl1n{)II'l'll111'121lnYlU'nIIZ 'lJ1U'II1fl1llon'n1~

U\jn'2J1111'll'~

Heard & Sample (1988) l1'n1,ftnll1ftnllIllZ species complex lIU~ Solidago rlgida 1fltJ

n Multivariate Morphometric Analysis lIaZn",rUIi1'111'111fl' 1211'1121 ll,nn1,ftnll,"tJ~~1UVH

.J! oJ.!'\'!It ' , oJ. - w, _J! ~" ~ - t.>!ll
1I11~'nuflgflunIU'II 3 nq2J flllJlIMa~'n19'tVlIfI~Pl1UtJl~1I11~ UlntJanlllllZnlllJl'll1'1'ltJ12Jl 11 I'll

- ~ -- 1" ~ - oJ.... w '2 'n111Ifll1ZM'n1~tlafl fltJnflllIllZnIllJ1'111'1'ltJ1'1'lnlfltV "lin pubescence, phyUary, disc corolla

!It 2 - ~.I t.J! - w, t w oJ..! ,- ' ..lobe IU'III'I'II 91nn111Ifll1Z1fn1 1Ilnfln1lllflnqlJ U'ZI'lU'I'l,,1fl11'll'llfl 3 nqlJ flU Solidago

rlgida ssp. rlgida, S. rlgida ssp. grabala lIaz S. rlgida ssp. huml/lis ~~ldu111n1,;tnll,1i1'111'11

1fl11111'112J1IU~Il';lIZ'lIal'l Solidago rigida ssp. rlgida iiIi1'111'111fl11111'1111 2n = 36 (tetraploid)

rh'll Solidago rlgidassp.grabata Ilaz Solidago rlgida ssp. humillis iih'll1'111fl,1111'1111 2n =18

(diploid) lllnNan11;tnll1fi'~na11111t,riin1,i'flflq1l~'lIM~mil1l;'J'II Solidago rigida ssp. glabata

lIaz S. rlgida ssp.humiliis

Palmer & Parker (1991) 11,n"ftnll1U\jn'1I1111'11l1U~ subalpine fir (Abies larsiocarpa

(Hoole.) Nutt.) nu balsam flf (Abies bolsamea (L.) Mill.) ~~I~U,j1UVH1I'91n Washington to
•

Yukon Territory 1I11Z eastto northern Ontario. 91nn11if~lnflcinlllllzt'll1l"1I'lI1"YlUi1Y111,;~tlU~

Wflilfl111liflJ';'IIli'n'll1fltJl;l91ncinlllllZlIfI~ cone lIaz needle morphology fl112J111hH'IIlIfJ~

subalpine fir ~"Ut 'IIfl1fll1fUU 1;'I'IIfl112JIltl1pj'llI~1IIi''IIfl1tJt'llnq1l 1I11Ziill'll11112J1Iln~~t'llu1u

'li'i'uIl1~nfli'll91ntln11:1l1flt\'U1It'll1l1111'l1-m ll,nn"1Ifl'1:,ffl111lIltl,t1'1'11l1U~t1':'Wln,tll
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tlljjnmllh«'If"111an\ltll::IJ~U1::Il'Iflllllm\1\l 2 ncjll flll ncj1l1h::'Itlm coastal and subalpine

fir 1l1l::U'::'Iflm northern and interior subalpine fir NM1,;1n\lll1t\j1f1CI1 MNllCT1U-hiifl7111

l"jjll\lri\l~ll~U'::'Ifln, northern and southern Interior populations 1'l1\lIACl'11itt

.1 ..I 't ," ~.I ..I 't _L_ d' ,lJ'::'Itlm'l'lllg \l Rocky mountain 1I::111l1ll\lnttlJ'::'Iflmflllg \l nortnern an interior

populations 1"'lNlll"chii'';lt ll~1(J"l101'ftn\llfl111111U'N\l~ll~ subalpine fir ';~I\1\lU'::"lm~

l~tt1l1111n eastern Coast 1111:: Cascade mountainof Washington 1111:: BritishColumbia1l1l::nqll
..I, ~ t_t'A:~ ,J

U'::"lm'l'lllg'l11~"::1\llllln~ll~The Rocky Mountain erest, ';1 111101'''~''llU'::''lmll1111\l

tl1";"h Abies lasiocapa (Hook.)NUll, var. bifolia(Murray) Palmer& ParkerU'::"lm Balsamfir

jj~llll"n';Hllln interior subalpinefir t\lnn\ltll::~ll~ needle morphology 1l1l::jjan\ltll::~1l"n"H

1I1n Coastal populations t\lnn\ltll::~ll~ cone morphology Nl101,;tn\llR~nril1CTuttCT~\101"fl

• - , I

1I111\ln"\lfl~ll~ fir nCjll"l~ .,

•
"1~ .,

<!l .1- ..ItJ!'l ~ ~ , ~ ~ , ~ ~ - ..I.
1I1n01,"n\l11lJ1111\lfl 'll1\101lllfl~l11\lnnqll~ll~I'll'\l 'l'ltl11M\ltlI::ntllJl\l'fI(Jlf111

•
fl1111chtiGJt\101,;tn\llll~m1l1111\l JJ"lll(Jnn\ltll:: (Boonkerd, 1996)fi~u

I. nn\ltll::11n (root) ~Ub\l1l1m\1\l11nlltttt adventitious root 1l1l::llll1jjttH"Ufltllii

..l~ t '11nfl"fllll\l \lnCjll~ll~ filmy fern
~ • ~ . .~ • ~ ,.,. ~ .l

2. lln\ltll::llll'1\l (rhizome}"lJ~lI"lll(Jlln\ltll:: l'll\l nll'1\lflllfllllll(J(Jl1 (long-m:eping

rhizome), d'~\lflllflISll(Ji\l (short"1:reCping rhizome), dl~\lISll(J (climbing), C;'~\lq~ (trunk),
•

chl\l.r~ (erect), 1;,11I1\111m::,n (compact) 1\111~\l

0'
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. -- ..

3. anllW:'IIll~'IJ\l (hair) 1\lIYl{\l1l1\l1\lUlnll:'I'lU'II\l~\ltlnfl(IUllN\l'U lhll\l tr;lln1\l

g\l'l ulnt111011flnfh~n\l'tl anllW:'lJll~'II\l~\ilUllfl\lm1 IiflmilJ'n1~1l\{",Ul11\l '11110
•

unicellular hair, multicellular hair, caduous or permanent hair, stellate hair lrJ\llli'\l \lllnlllnOIl:

1li'1l~;tn1l1anllW:fl111J!l11fl11lltlll\l ~ll'IJll~'II\l fl1U~n\l'tlll10

~ '" ~ .I... .1 ~ 1 .1 ~ ~4. anllW:'IIll~fllna (scale) lU\lanllW:'nllfl11Ullu1N\l \llu'nH 'IJ\l1f1 II lla:anllW:

... .. ...... "I 1 11'
'II llU'IIll~ flLn a'll~ II1III1OU tr1llll'll\l O\l0111111nU1 "allflll\l"111tr\l~ 'IJII ~ flLna U\l flH fln~"1~'l

•
l'Ji\l lhll\l "1\llu tr;llIlN\llu lrt\l~ \lllnlllnOJ~lill~;tn1l1anllW:'lJll~flLna11tl,:nlluII10

tI.. ... ~ .........1...,., .. ~ ~ ....
l'llaal10~fl1lU\lIlUUclathrate "'11 peltate llnanllW:'nllfl11ll111flqJlla:I'111~11~ln"flll anllw:

n11l;0~,r1'1111~flLnau\llflHdl~~1~'llflOlQ'I'l1:lhlli'\l11fllnajjn11l;0~,r111UUllNm~(patent)
... ...

"'11'nlU"fI(app~ssed)

~ 1 1 ~~. '" ...... 1 .I 11 ~ .1 ~5. anllW:'IIll~ U (frond) Ul'll1\lIlU~1l1lmU\l 2 ,,\lfl flll U'nfl1HllUflu1l1 (fertile

1 .I,. 11 ~ .1 ~ 1 ,:: ... .. ~ '" ~ ....
frond)lla: U'n llfln~llUflu1l1 flO U'n~flll~"\lfllllllllanllW:l"lJfl\ln\l (monomorphic) "'fl

, ~ .I ,~... ~ ~ 1.1 11 ..I ... 11 1 ~ • 1
ll"nfl1~n\l (dimorphic) 'IJ\lflgnU"\lfl'IJ1l~1'II1\l Uu1:nflUtl10 2 II1\l flll m\l UnUllN\l U

t\'1\l1Ufllllii'll\ltr;flfllna tlnflllU jjfl11uOl1Ila:'II\l1f1Il"flfh~n\l , tl a nll W:IlH\llu~~jj,f~1U

1~0111a:'utl1:nflu jj1tl'n1~ 'II\l1f1 a 'IIflU'U tlal0lu lla:lfl\l'U~Il"n';1~n\lIlFMu'IIll~

lYl{\llJ1~,,0 fllllllii 'IJ \l11;flijcnnatlnflllu IIa:iil~\l, U'1111a 101tlllUU 1'Ji\l IrJ\lllf\lI~01
", .... "', <! ~

(simple), IlOnfll'111lU\lfJ (fork) ll1tlfll\llU\l"~Il" (reticulate) "aflflll\lrrn1l1anllW:'lJfl~ areole

11ijl~\lludtlOtlgn10l\l"ifl')] lrJ\llli'\l

6. anllw:mluoufltltl{ (sorus) 1\lIYl{\lUH"Oflmiuoufltltl{tllll~ntlnfllluII10

(indusium) 11;tllYl{\lUl~1I0fltllll~ntlnfllluII10 fllnall;fl'll\lIl'n\l~'11 l,1tlli1tltlnfllluii1tl'1~

llal011UU 1'Ji\l nau (round), 1tl'" (reniform),1tl1li (peltate) 11;tlflllljj1tl'1~ll1jjtl\lnUn~uou

.1 ~.I.1 ~ • ~ .1 ~ .. • • ~ .1 ~'" ~ .., ~ .Il.l!'l
flutl1'nunflllu anllw:nllUtlUflutl111a:l'll11"\l~'IItl~nllUtlUflutl1lU\lanllW:ll1flqJ'n'lJl\l

<! ... ~~. ~ .I~" ~ • "'.11 .111 ..
m1"n1l1tl\{",U111\l'llfl~I'll1\lnllUtlUflutl1U"al0anllW: l"\l nau, lU\lIIl\l, 1ufl10, ll1fl

1tl'" lrJ\lll\l Pil11111J~'lJfl~n~uoufltltl{fllllll:flg~tlal0l(fI'lJtl~llf\llu tlgliUllf\llU ,,;flflg

1\l,j11111\J~1 tlOfltl'IJfl~llf\ll U 11;ll'll \l1\lnlJllf\llU 1\lUl~"Ofln~UOUfltltl{II:ihtlg~tla 10

IlH\llu 1J1~"Ofln~UOUfltltl{fllllll:'IJ\ll\l l1;fll;0~,r1011'tl"1U'IItlUlu lJ1~lIiiflfllll'IJ\ll\l";tl

1;0~,r1011'tlPl1ullf\lnal~lu l\lUl~"iifln~uoufltltl{tlllltlnflllullflu1ulllu"a~ (acrosticoid)
",... 11 .. ~ ~. '" ~ ~~, ,:: '/',

IU\lU111WmH 'II~anllW:fI~nal1ll:IUUanllW:lQ'I'l1:'lJfl~I'll1\lUl~nllUI'n1UU Utlnllln\l U

.. ..tN ....t"..:. ~ ...!!.. .. .. I "
UH",W'nI'111~m111tla:lfltlfl'nflU1J1WlllnO~'IIU tllIlUm1"n1l1anllW:'IItl~flUfl1Jtl111a:

anllw:nwJlul'ntll'IJfl~fltltlffl")u~n\l'tlIl10
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nl1ft ~ - ~lnlllnnlltl!;mfJ1nJflfl1t'1f)] (ANATOMY STUDY)

~ jI w , w _ ...~ t.J!'l w
Jones & Luchsinger (1987) l"fJnfl1f)fJl~nn)ltl!;'n1~mfJ1mfl'l1ul111 'lI1\l01'~f1

•
Iill1lJnnrjllYi'IJ1ilJV~ '~lIri tracheids, secondary xylem, vessel elements , nodal anatomy

(Dickson, 1975). vascularization (Eyde, 1975), seive·element plastids (Behnke, 1977), Leaf
~jI _ .. w .1 w w •

anatomy (Brown, 1975) lin; 1"f)lllJlfJlflfJ1nlJfl1111111J'NlJ'Ilf)~nn)ltl!;epidermal hairs 'I11f)

trichomes !l1Vt~\lflUVflflrjll';ft1.1 1~~ t'lQn IIn::'IJiifl'l\' l~lJ O1,vflhll\ln'IJiifl'llf)~Yi'IJtlJ

t'lQn Vernonia (Faust and Jones,1973) '~"ml1"fJn;ltifJfllf1Ht'lrH'Il!l~ trichomes IrifJ1r11.1
•

'Il\l1f1 1\!'1~ n11l;fJ~9i1'1l!l~I'IIna'll!l~'Il\l 1~\lA'\l ti,n!\101,m;.ltJ'IlIN trichomes tlJllfln; taxa

;~I~\lanlltl!;~\'htiqJtlJ01,lifll\!11l1lJ \If)n'lnlin)llU::ti~nell111c\'1 nn)llU;flUVfll;fJ~9i1'1l!J~

guardcells rI1.1 subsidiary cells li~t'll1mall1111t~lJ01'Vfllill1\ln'l11~f)~n'1I11l1\l'ft'

.t !!! w _ ~.'!I ...I
Cutler (1965) 11101'nn)llftfl)llU;01fJ1mflfllt'1f1''Ilf)~'''lJt'lQn Thumta Hook..f. 'I1'1llJ

m;.lo,;'\l(f)gt\l'l11\!f)11I;01tfl ~~jjfl1111q~fJ101f1\lf)lh~~~t\l01'Ii"hll\lnYi'IJ'lJiifld't,ff)dtlJ
~ • • ~'" "t ~.. w jI w"jI1~fI Juncaceae 'II'f) Rapateaceae 'II'f) 1~flf)\l '1 '11 nnlflfJ~n\l "1fJl'II'lNn,,~nnl1l'1l1 "'I'IfJlfJll1

w -".!II ... • I... I I • .... t
'111nn)llU;'I11~01fJ1tl1f1 1'I'If)\l1111IlJ\lnn)llU;IU'l'l1;'Ilf)~'I'I'IJ 1'IJ\l nn)llU;nqll'l1f)nllnfJ~'Ilf)~ 1.1

~~lfI\lan)llU;lfl\l~'ht,ft'll111,av"Yi'IJt'lQn Thumia t,ff)gt\l1~~ Thurniacese ~~,fI\lan)llU;~
I" , ..

llflnflH'101~fI Juncacese lin; Rapateaceae UfJH'IJ""\l

.!!!! .'!I-"''' t ..1_ w.w.Fonnan (I966) 11101'nn)l1"'IJ'IJ\lfl'll\l~'I1'1'1lJIU'I'Il; \lllalJllU,,'01f1;1lJfln 'I'I'lJfI~nnl1

"w ~ _ jI w .. t '"
lInnlllU;nlUJ1\l1'11fJlf1nlfJnlJ'I'I'IJ \It'lQn Galearia Zollo & Mor. lin; Microdesmis Hook.. f. 'II~

f)d'\l1~~ Euphorbiaceae 1I".ln01'"")llanlllU;01fJ1tllf1 IIn::an)llU;n::uu~"tIl'llu~Yi'IJfi~

nell1 191f1IU'I'Il::an)llU::mtiitl1f1'1lf)~t u IIn::th-"\l 'I'IlJ'hjjan)llU::lI"nfll~'ln;/'IJt\l1~~

Euphorbiaceae "1t ,fjjnu vfllill1\lnW'IJti~nel11',fUdt\l1~~'IIUgU1~~Pal"daceae
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Devol & Lin (1978) ;In'lnan1!ltll::n1lJ1n1fl~(J~IYl;'\lI~(J111'\\lnm;'ltl1111\1~(J~lfHu

1\1illlt1;\1 nn1!ltll::~a'\liIlUa::\111I1i11'\un1,;ln1!l1 ~(J t\'1\1i1J 111'\\lnm;'ltl1111u 1,,1114
w , ,
rln1!l1ll::fl1~ "I1'llU

- the number andshape of vascular bundles

- distribution of the sclerenehyma

- the configuration of xylem strands in thestipe

- thepresence andabsence of grooves

- aeration structures
."

- hairsor scales

1I1nm,;ln1!l1YI1J'hnn1!l1ll::ft~ntll1\111J11~ium""ltl1111\1~M~'llnci1JIYlfu~'l'l1J 1u

,1Il,.,.iu it\'lrJ\l(J!h~;j

Mickel (1979) ;ln1!l1i1tyt11~Tlu1Un1""ltl1111U~(J~IYlfui\la'Qn Cheilanthes ~~I;'JU

,Ylf\l~jj'llU"li~.fIlUtl1v1\1a'Qrll;'JUV1U'lU1J1n IIn::6~jjm11J'lii"llIu1um't11~(JUI~fll~(J1~

1\lm""hluna'QrI fi~Ju,~jjm,;lmI1lYl{u~jjanwlll:inlr'lfiv~tiu 3 a'Qn fill Chei/Q1Ithes

l !! w,.ll '1 - • :: w, ~.IINotholaena 1Ir1: Pellaea f1lJ"n1!l1111n9l'l(JVH'n~\I(J~ \lllllJ,mlt1U(J 11lJfI4fll(JVH1'f"1lIIU

urI::9i1(J!h~~jj~(J~(J~nu 1I1OO1,;ln1!l11'f1J11 CheilQ1lthes ua:: Notholaena jjnn1!ltll:~fll(1vfla~

nUt1r11Vnn1!ltll:: 't\'unnn1!ltll:~(J1Jiu t\'1uiu nn1!ltll::mv1mfl~(J~uHU11J anww::~\1 an1!lw::

tftll!1\l1'nV1~(J~a'tl(Jf Uri:: V1\11\11fl, llJ1'1l1J ~~anwtIl:It1t11ifunjjfl111Jutl'Numv1\1urI::
I I ., : 6If cI i JlIII lit}'

1::t111~nl1lJtl':'ll1n1f1~\I\lIl~It1\1a'lJfl11 t111"'11Ja'Qa Chei/anthes IIn::a'Qn Notho/aena n

t\'1vnu 1"v'''IYlfuti~ntl111;'Jua'Qn Chei/Q1Ithes

Kato (1985) 't\'li1m1;1nw1'n1J'n1Um1'''ltl1111\l~(J~IYlf\l1\11~rf Dava1liaceae 1u
1::fi1Ja'QrI 1fl!J(J1;{vmmnV1JIYivuanWtIl::tflllJ1\11'nlJ1 un:n1V1mfl~(J~(h~u, derma1

appendages, leaf architecture, anwllI::ll{u1uun::fl11lJtflJti\l'6n1J"111t1,j~~(J~n11lii"milJtiu

a'tl(J{ IIn:an1!l1ll::~(J~ indusium 't\'Nnm1;ln1!l1\11lJ11i'''''11tl1111\1~i11'\\lnl1hluna'Qa~(J~
~.... " w,J """ "
In1U'l~rr Davalhaceae ,,~U I. AralOstegJa, 2. Davallia, 3.-Dava//odes, 4. Gymnogramitis, 5.

Leucostegia, 6. Pachypleuria, 7. Parasorus, 8. ScyphuJaria lin:: 9. Trogosto/on l"v'''a'QrI

Dava//ia tl1:n(JUt\''lV 3 sect. fill sect. Cordisquama, sect. Davallia 1Ir1: sect. Wibelia

un:'t\""IYlf\liua'QrI Humata Cav. 1Jn11J(J~1ua'QrI Dava//ia sect. Wibe/ia ri1U,Ylf\l"ij,,~jj

nnWtIl:fllr'1Va'lln Humata 1,fIi'''G~iua'llrl Pachyp/euria ri'l\la'llrl~jjfll1lJ primitive 1Ir1:il
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.. 1....1.. :!! I ~ I
amnu::llllnlflU'll'fllJ1nflQfi flU Leucostegia m1nnlm'lQft Araioslegia 'I'l1J11JJfl111JIlfln911~~1n

rlQn Gymnogramilis 'unlln::lt\lIfWU~ ltl1~rlrH'llU~milJnuli1Liill~ Iln::mjlJ6urluuf
,J., I:'!I' ... ., ~ ... ~,

uun~1nUII~'I'lU111111UrlQn Araiostegia IJnntiW::flnll1nUl1l1U Davallia =1. Cordisquama

'U'lllll::~rlQn Seyphularia ~::jjrintilll::flKll1nu Davallia sect. Davallia lin:: rI'ln Trogostolon
.. w ~ w !l ' W ..I.. .. W

~::unntilll::flnll1nU Davallia sect, Wibelia ~1nnl1nntil'1'lU11nntiW::fllJfl111J ... lflCYlJln
w ~, W ~ .. ~ ~ ~.r.. W

nntilll::l1\N umnflvl11Unll~mIJ1111U'll1l~11l1U1~l'I\lfill nntiw:: dennal appendages

"
Bidin & Walter (1985) lilm,"ntil11n::Vfilll11Un'll'iifl'll1l~IYlfu'ul'l'ln Adiantum lflll

~ .. ..I. '!! : I..... II "!fl ... ,. ..
fllnllantilll::'llfl~ xylem strands 'l1lJm'nntil91~llfl'l'l'll'IJfl1qUflll'l 'Jj~llJUm'I"CY'llfl~'nflnl1nll~

!II • ..1 .. W.JI .:..l!llw " w.
llJUIlUU'nfllfl1l1 ~UUfl11U'JjU"IlflUlJlnll~'llUllJUnn\llll:: mtncate Conn n'11J1HI~fl~111Un

rintilll::'llU~ xylem stranda flfln'IMu 8 1UIlUU ~~I;'Jurintilll::~\111J1'i1um'VfllllIlUn

fl~n'1J1111U'llfl~IYlfurI'ln Adialltum ,~

Hovenkamp (1986) ';1m,"ntil1Ylfu'urI'ln Pyrrosia lflll"n\l1rintilll::nW31U1'nlll
'w !l w .. .~ , ~~, w, •• ,~ w

fl1UfJnum1nn\llnntiw::mIl1t11fl'llfl~nl"U lin:: U 'llfl~11l1U UrlQnfHnnl1 TIl l1l'111J1HI~fl

•
1l111umYlfu'ul'l'ln Pyrrosia '~I;'JU 51 'll'iifl 'I'lrflU,j~'~Vfl';11U1111U Iln::t;'fliU1l1ih::nflU
w ~~, .. ~

an\lIll::'llfl~11l'Ullfln::'ll'Ufl"111

Khare & Shanker (1991) ';lm1"n\llrintilll::nIllJ1U1'nllllla::rintilll::n1111t11f1'llfl~"'lU'U

~ ~ ..I " ~ " .. l'~ !l w .r'llfl~11l'U'l16g U1~fI Pteridaceae 'U1U1U 8 'll'Ufl fill "Hnn"nntilfl~UActinopteris radiata,

Coniogramma fraxinea, Gymnopteris vest/Ill, Lindsaea ensifo/la, Mlcrolepia spelU1lCea Ila::

Sphenomeris chinensts jjrin\lw::miun6li1Liill~l;'JunqlJ'nfll;'liill~I~1I1 ~1~fllJfi6umnnqu

n6lil1iill~'ll6~1;,-rU lla::lrluci'ntilll::~1l.jluilllullUn~ 'U'lllll::~ Lindsaea cu1trata Ila::

Onychium cont/guum ~::'I'lurintilll::mjlJnflIi11iill~jj 2 nqIJ1~6IJAflIJ1~lnnqunflIi11iill~'llfl~l;'

-rU IIa::~::I~61J I;'JUnqunfl Ii 11iill~l~1I1nU'uti11l111J~fl1~nnHfl111J1I11'llfl~'"lU, U 1fllI~::Irlu

milJnfllil1iill~lfill1'1.l~Uii~IlHU'U nlla::lt\lIfll~1I1nurintilll::1fl' ~rrfl~'llfl~"'1U'u~~mh1 ,~

\11'u'~Un1'VflhlUn'r11J111'nl~fl~mIJ1111Ulla::'~Um1Ilrlfl~fl11IJnU,;u'~ifil~U'U'n1~..
fl~mIJ1111U
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!!l ~ ~.I' .. !!l ~ 1 II ~ ~.I ' ~
tn'nfll!lltlnl!lW::6\.1tfu61 'I11Jltlm f11'nnl!llt1fll!lW:: flHtfn~'VI~'I11Jfl'll6~6\.1tfu61 'II~

linl!lw::flUtfU6f'll6~IYlflJ ii 2 uuu fitl Eusporangiate Uti:: Leptosporangiate O\.ltfUtlfU1::fl6\.1

~ ~ ~ .1' ~ .1' ~ ~.I ,.. .1' .1
"'ltl n11J'IflUtfu61 (stalk) Iltl:: 6Utfu61 (capsule) tIfll!lW::'Ilfl~6Utfu611Jlu"~IIU\.Ilufl1::U6~

.... ., ..1.1 l' ~.. I.. : ~ ..,.. .1 ~ ..
(club-shaped) 1JfllJ~'VIu1::nflU"'ltll'lltltltJ1~11tl~916fllJ I '111.1 IUlJfllJ~6\.1tfu61 Iltl::1JIlCl'1'1l6~

, ~ ..' ~, ~ .1' ~, , .... •
l'lltltlfllJ~'I1lJl 1 mn nerrn annulus 'II~ 1J6Utfutl1'1l6~11111J1l91tl::'IIlJflll::1J annulus cell 1111.1"11.1
.. I , .. ,:., .. ....I .. .. " ...., ..I !It ..., .06
11JI'VIlfllJ 1.16fllllfllJtl~1JI'lltl tI'VIl1 tl~9l'1fl~ 1J1lCl'1lfltl'lflU annulus cell 'VIIUlJl'IItltlfllJ ~\.IH'II~Il::

~ ,,~ .,' , .. ol.. '. "~.I' ol., .,tI
Iltlflfl6fllllflnlJl1Jtl6\.1tfufl11l0l911J'VI11tl0'11Itp cells 11JflflUtfufllll91n'VImll'l11J~ lip cellll::'VI1 '11

.1 ,.. ~'~.I
tfutl11Jf111fl1::1l1tlfllJllflflfllU

f111nfll!llafll!lW::tfUfl1 'I11Jltla~ f111nfll!llanl!lw:afwJl1J1'V1tll'1l6~tfU6f lfltlilmw1Il1fl
•

fltlf111nfll!ll';~ Light Microscope (LM) Iltl:: Scaning Electron Microscope (SEM) U'::fl6\.1nlJ'1J

.. .1 ' ~ '" ~ ~ .1' ,~, ol
"tltl::16tlfl'll6~'IllJlfllu"~ tI'lfltlltl tf1J1J19l1 Uti:: 'Il'lIUlJfllJ tIOl!IW::tfu61'1lfl~flq1J11111J'VIfl\.l

'" .1' ~ , .1' .. ,....
1l::IUlJtfu6'Il\.lU tetrad 'II~Il91tl::tfufllll::lflfllllflf11lllmlJ'llfltltltfll\.l\.l meiosis 'Il6~ spore

mother cell afll!lW::'Ilfl~tflltl1~fl\.l611l1i'J1J1I\.I\.I homosporous 'I1;611\.1U heterosporous ~lJfldnu
.. ~'.I' ~,.. .1 ..

'111Jfl'll6~111'1J tfu61'1l6~111'1.1 1J 21u1lU\.I (Walker, 1976) flfl

I. Monolete or Monosulcate; are boat-shaped, have one long germinal furrow and one

germinal aperture.

2. Trilete or Tricolpate; are globose symmetrical, typically have three germinal apertures.

1J6n1'11iJtllllfllll;1~1I~'llifll!lW::tI'lfltlltl\.llJfI,r~'Il6~tf1l6f~ii'~1Jln1Jltl'l1t11tlIl\.l\.l l';lJfllllii

anl!lW::fl~ltll~1J fl~ltJltflli'JlJlI?i~ 1i'l1J~1J 'I1;6jjtl'llltlltlli'J1JlftlJU'::tfllJnlJtf'ltl~11J'I1;fl61Iljj

~ <II ol i'J.!t.l ~ .1 , .. ~ ~ ~ , , ,J!It ~ .. ~ ol
tIfll!lW::IUlJl'I1t1tJ1J I 1JnlJ'Il1J1J1UlJfl1J~'Il6~tfufl'fl I" tlfll!lW::9I1~ 'l1'l1t111JIUlJtIOl!IW::nlflqj'VI

'~1Jf11"fllil111Jflmi1J'VIH6~fl11J11111J
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..
11m,

Gastony & Tryon (1976) ,hm,;1n"1an"0l::d'OlJ1U1"tl1'\lU~IYl!u'urr'lafiH 'l'\lU~
tI ..... Wijlw tI~ ~

1~tl Cyatheaceae 1"tl111 SEM ua:: TEM l\'Ian"0l::'\l6~rrtl6'fI~u rr'la Lophosoria ua::
• ~ tl '''' ~ ~ .I, • '" ..I tl'"Mataxya YlU11an"0l::'\l6~rr 61l1JUan"0l::IIlYl1::911"1l91nflHII1nnq1l6u n1urr 6' Iurr'ltl

Sphaeropteris 'llil'llU11tluUU'\l6~ perine If!uan''0l::ti~u6n~\'hfiOJ 1f1tlan"01::'\l6~ perine

'" ..I :: tl ~ .I, ,.. ~ tl ...11JUUUU hair-like n1\J'IIU exine II:: nn{lan"Ol::" 1I11a1f1a1tl an"Ol::rr 6'IUrr'la
•

Alsophylia II::Yllltnlu!lf!uuUU basically ridged perine ua::iu exine 'lljja1f1a1tl an"Ol::
•

perine If!UllUU hair-like n1uiu exine jj pitted an"0l::'\l6~ntl6nUrr'la Nephelea jjan"Ol::

flt\'1vtiuntl6!'\l6~rr'la Alsophylia tuan"01::'\l6~ ridgedperine lla::.fu exine 'lljja1f1a1v U6n
,:., .. ~. {4t,.."

1I1nUV~lIm'nn"1111u1urrtl6'IUUfla::6urrtl6' '\l6~rr'ltl Sphaeropteris utl::rr'ltl Alsophila

1l1V 1I1nn,,;1n"1rrltl'~11m,;1~"1oU'6lJtI'\l6~rrtluf rr111mnh'tltflUm,;1n"16\jm1l1111U

'.MU6Ih~~

Peannan (1976),hm,;1n"1rrtl6!'\l6~IYlfuturrQtI Cystopteris Bemh.1f1vtfSEM 'I'l1J

'han"0l::rrtl6!~1l1n";1ti"1rr111,,aU1lJ1' 111\ln1'V-flltl1111U '1(6Ih~jj,rvdlfiOJ rrtlufjj
~ ~...I. ~ ~ il ,.I,J1 ~ .I., tJlll ~ of ..
tln"0l::"1~nOlJ1U1"Vl"llflnflHnUan"Ol::rr 6'''<llflOJ''~1111 'IJlum"fI~luun fl6 spore

ornamentation YlUan"Ol::~llfl",lHtiu 5 an"Ol:: Ul111'flf!uan"0l::'Un"V-flIilLIUnLf!u

t ~.1 ~ , .. ~,~
subgenera Uti:: U'::flU""flIIIU Urr'ltllflV1nU tl

Seong (1976) 'l(,hm,;1n"l SEM '\l6~IYlfu Pyrrosia adna&cens. P. linearifolia. P.

• tl ".... ...lingua. P. mol/is. P. polydactylis Uti:: P. sheareri '1'11111\'1 "'lIan"Ol:: monolete 11,,, bilateral

~ tltl I." '..,,~ ,
tln"Ol::'Il,,~rr "''Il6~ Pyrrosia Ufltl::"UfllIfl111111flnfl1~nU UtllU'IlUlf1 lltl::fl111111U1UUU'Il"~

.... ..a I .....1. t ..., ...1" I

m'",::\l1tl'\l"~ verrucae 11,,, tuben:ules ""gUU"1"lIfl11lJUflnfl1~nu an"GI::rru"1'\l"~llfltl::

.. .I<!l ' ~ .1 '.Itl .. ..... 'JIll ~.WfI"nn"1111n SEM Yl1J11an"GI::\'Iu"'" "n{lI'l'lV~Utl1~lflV1 nrrllJ1Ul 'IJIum"flllluun

Wfl'll"~IYlfu'urrQtIPyrrosia '1(



27

Baxendale & Baxter (1977) ';lfmftn"lan"lU::lYIUJ1ll1'rlV1 anlllU::01V1n1fl lla::
~ .1' t:!l'.1 II .1 ,.I.. ~ , . .anlllU::fllJO' 'IJO~ \Jln'll'rlrI11~fllJO''rlIn\Jf'I10VHU1\lln Coal-balls of the Desmoinesian

I .... I .... ..~ t fI.. ~....
Stage of Iowa (U.S.A.) 'I'l\J11IYl'llfl~na11uan"lU:: hWl1 Un1ll \JcTll mJflllfl,uan"Ill::'IJo~

annulus II\J\J sub-apical band rrllfl,JJnnlllll:: monolete, ridged, golden-brown spore \llntm

!!! ~, , ~ .1 ,.I '" ~ ." ~'t 1
"n1l1f1~nal1'1'l\J11anlllll::'IJ0~fllJO''rl'l'l\J11Illan''IU::'IJfl~fllJO''IJ0~ln'll llrrfla Schizaea flV
~.l'. .P.! .. ~ ~ , .~.I"'.I !!! ~.l"~'.1 "'~, .I .. ~I"mn"llJ'U\JItlV\Jn\Jfl10U1~1l1l ~'rlU o~ rrllJNn01'"n"11"111n' II'rl'l'l \J11IllIn' II'rlUan"Ill::

outlln~u Leptosporangiate 1~ff Schizaeaceae ,.

.!!! ~, t A '" ,~,.I..
Hennipman (1977) 'rl101,"n"1t1\Jtl1llln'll llrrfla Bolbitis 'If~11lllnqUln'll\1U01'

d1~flllfl'll\J\J acrostichoid '1:';101'ftn,,1\l1nanlllll::lYIllJ1ll1'rlU1 an"Ill::01V1n1fl anlllll::

lYIUJ1ll1t1U1'IJ0~rrllo, an"lll:: karyology lla::anlllll:: gametophyte fl1\J~n\J01'ftn1l1an"1ll::

geography Na01'ftn"1';1t~fl1u1,ai'flIi111lln'l1UfI'lJfl~IYlfllflflafi'~nal1oon,I: 44 'I1UfI 'I'lfou
•
';~11f1n1'1'l1l,::nO\Jlla::a1ulll'IJ0~rrllo,ll,::no\Jfi1m'U1U

Sorsa (1980) ';101'ftn"1\1\J'rl1llIYlflltllrrfla Gymnocarpium lflU01Ronnlllll::

exospore lla:: perispore lflot~ LM lla:: SEM \l1n,j10Ih~ 8 'I1U" ';1t~fl1u1,allti~n~uIYlfll

oom;1ll,::';\J species lla:: subspecies '1:1;1ll'l1UfIh12j fio Gymnocarpium dryopteris ssp.

disjunctum, G.jessoerue ssp.jessoerue, G.jessoeruessp.parvu/um, lin:: G. robertianum

!! tI .. ., ~. .. .. :
Large & Braggins (1991) ';101,"n1l1flll01'IJ0~lrhulla::n'l1nqutnnlf1U~tltJIYl,u 'rl~

• .I '" ~, 1 '" ~, t' A .. , t !!! Z .1..'I1UfI\1111Uln'll \Jnllllla::11IUln1U~fl l1U 'If~I\l1qjO~\JUI01:: NewZealand l101,"n"1f1HUU
tI : tI _ ... , "...I... ..

IYl1U\1~l1UfI 25 1~f'l 65 flfla 211 'I1llfl lla:: 3 'I1UflVQV (subspecies) 'I'ltJIYl'U\1UrrllQ1I1tJtJ

z. • ..I .I .. '" ..1' . ~.I 'heterosporous 1I1U1U 7 'I1U" n1U'rlll1aOIUUrrlJQ1l1tJtJ homosporous atl"lU::rrlJfl'lI\JtJ
tI : ........ ..

monolete YltJtllIYl1U"~l1UfI 37 rrfla 11U 109 'I1Ufllla::an"lll::flllQlll\JtJ trileteYltJtll1Yl'U30

flfla 1i1U1ll 104 'I1UfI lflvtuIl1U1ufi~na11'l:nuI01nnlllU::rrllQf'IJ0~ Isoetes lin:: Lindsaea
~I1.l' ~ t ~ .1 ,Z • ..~ _I .... I1 ..

U1 n"1vnu uan"lU::fllJfl''rl~flfl~lI\JtJ IUQ~\l1n Isoetes uanlllll::a'lJfl1 19l 2 uuu flQ

megaspore l;1ulltJ\J trilete lIa:: microspore li'llllltJtJ monolete rl1U Lindsaea 'I'l\Jlf~'I1UfI~jj

monolete spore lIa:: trilete spore m,nn"lrrllflflflv LM lIa:: SEM 'I:noa::lfivfl6ll '1 ~\llU1

tf\un"i'fllhIlUn'l1UfI'I:fin I'IIU 'IJll1f1 a1f1a1V lla::fl11Ul1U1'IJQ~-iu perine lla::-iu exine 'IJQ~

flllQfu1tf\lltl11fiflnllIlUtl'l1UfI 't.i~~4u Ufln1l1nntllllll::fi'~nal1l1ii1g~'l:ftn1l1nmv
.. M ~ ~ .l' .I..... , ~ .1 ' .. .l' .1

a::IOV"'IJQ~lJll\lVI1~1I1f1nQU\1UfltlllYlaflO 'IJU1" lla::atl"1ll::'IJ0~a'lJ01 On9l1U llOtlll1nU
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~tl\lanl1ftmmifl\lW::'lJtl~ftUtlf ii~l~tlfl11ll~i1qJ111fl11)J ,~.g"'I'\l'IJtl~'lnj", itlftlla Isoetes,

Ltndsaea lla:: Cyathea '~tllh~fi~16

.... : .r ~ "...... ~ .. .: .,
fl111.6l\lflHtl 11J\lfl11ftfl\l11\Jltl'lfftl'n)J191flft'\ltl~U1::'lflfl1IYl1tlaUIl1)J Pyrrosia... ,.I ~ ... ~,~ ~ .... 1 • ~ •

eberhardtll (Christ) Ching 'n'VI\J \hJ1::1'nl'lI'l'W l\ltl~1l1fllll1UauIl1)J'nI91qJ \lll11)J'lfl91 lJflll::lJ

afl)JW::tlW31\l1'1'Wl~Ufl11)Jll9lflfiHfi\ltldl~lil\l,~.g", j \lafl)Jw::'lJtl~lU'H j \J 1fl\l l\J ua16j \J

~ , ..... .1 ~.I :: j " .\ j
lla::'IJ\llA'\Itl~afl)JW::911~ '1 'nlJfl11lJlllJ1HU'\Itl~lJ1::'lflfl1m Ulla::1::111Hflq)JlJ1::'lflfl1 'II

l..l. ... d ".}',., I ..l, t .. :... .1'" !It , .,
'VIU'n9lH '1 'lf~1l::111\l1t!11afl\lUl::911~ '1 'I'1flal1a~\ltllJfl11lJlllJ1H\lI1J\ltlIlHlJlfl lla::M\lW::

111t;,rl"~Ul1flQl\lfi1tldH~'VI\JluU1::1'n1'l''I'Wlla::~';1fl11ftfl\l1~11l 'lflfl11lJllU1N\lfi~fltil1
•

'VI\J·hjjnfl\lUl::lla::'\I\ll'"\J1~ tldl~Ut111lJll9lflfiHn\ltldl~.g"III \ltl11l1'IImjlJU1::'lflfl1 i ~fi~~tl
~ ,I... I 1 ~ • .I 1 .1 ~ .. .: ... .,:
iNlfl9l11 \ll'::lJfl11lJll"flJl1~ \l11a16 '1 M\lUl:: Ifl"''\I\l tllJ1::'lflfl1'IJtl~1111\la\l1l1lJ "'~\lU

i ~ftlJfl111r1\ltldHa~~Il::Ufl11"1111fttllJ nfl\llll::9i'~flrll1

!!! j ::.:.~.I , .. ~ .1 ~ .... .1 1 '
fl11fIfI\ll 'IIt1H \llJ 1"q u1::ft~fll'l'l tlt!tl~fl119111.fttl \Jfl111lu1H\l'nlfl'"'IJ \l1l11l \l flqlJlla::

, '.1 ~,~ ~... j.1 ~, ... ~. j ~ ... : ,
1::111Hflq)JlJ1::'lflfl11111UaUIl'lJ'n'VI\J Uu1::l'nl'lI'l'W 11lJlfll'ltl"'::Il""lll\lfl \l1::"\J'nP/lfl11

'lfO"11;tll{(\l'lfil"i 11~'~l1;tl,~ lla::l~tlti'''liitlflnfl\l1ll::~.g'''I.u\11lJlj~\lIU1111lJQ"hllUfl

'lfilfl '''llifiifl11'nl~ biosystematics ~11ll'nt1ilt1'nH numerical taxonomy i\lfll1ftfl)Jlnfl\lUl:

tlWJ1U1'1'11l111a::nfl\lUl::fl11l1tl1t1'\1tl~liu tu lla:: lt11~ftfl~~i~tlfl11a\J11\l'i '\Itl~fi1tldH
.1 ~,~ ~... ~ , 'j .1 ~
lJ1::'lflf1'1111\latlll')J'nfl1:.11l1'l\llltlg tlu1::1'l'l1'l1'l'l6
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