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AS.TRACT

Catct.nt IX at catt.edral PMk 1nMa~l hal tIeM protKu,ct 'nil)
fha line. tha ,8&Ca. In ·'~6. it. veaet,t101\ chan .. , we,.. ...tudild,

, prt .. rtly by ,..aury./~ntQran.. r'8 1t7l beh. tr.naecta and woody

plots.

,,, un ttW _1n SIMlC1•• and plant t"~1ty grad1..,t wal fro.

at". area to r1~tor». Dltt r .,..., CO,.rupondenc. Analy... s of joint
1113-1981 cHIt. ptQNd thAt ova raq, cCJlPOS~t1onal &hifts in C ~x we,..
_11. ec..mit1•• on .he11Ol! aoll and cont.1nfnt bra<;f(en \lNtr. th8

\;,

.. at. d/~~:'W1c, but .uece.,tcn~a geMrlll1y not un1-dkaet1onal ii'

.,.... Qf a.allar COIIPOIHtrn. SclIMl .nGhid~l aPK'I •• .;;n.,.....
conaistently, "it" L.• ricH tncre.s1nt MOst in f~n~y and

T. trlandr. d.~,...ainf; lKlet, but .. ny changlll CIa Pt.r1dtUflt ~1 P1nUlfl)

vII'1ed with 11)C.Ht~...
'(

','.-'

Ph111pp1•• v.".11 stands had SPr:Jat.: 1n ext.ent, but th~nrted O4It.

with olcMr stand. facilitating L • .arfeN. 8irc.t-d1t11porMd woody speci ••

•• t~bl f.~~'ldnear suitable perch tr .. a, btl::. t.helr ,ubllQ"~~ tU~~A

diff.r~ UnOif d11f.r.nt canopy speci ••• Evidence 'Y9we~t. that MOst
~1ti •• in C IX w111 eventually coovltrga to forest.
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C&tdWertt IX at C.thtldr11 ;')Mk in ... tal hal bean protectAd fro.

, 'nt line. t.. 1~c. 1n IN', ita vetetat10n c:hanIIU .re .tud1ed,
• pr1.. r11y by ,..,urYlvinl Granter' a 1t13 ~lt tranMCt. and woody

plot••

In 1113 the _in speci •• and plant ~1ty ,r...Uent was fra.
Itt••• re•• to r1d~top •• Dfttr~ Corr.. J)fJndence An.ly.1a of joint
1Q13-1t'45 dltt' .hawed th41t ,'yeri H, cClllPO~1t1onal .h1ft. f,.. C IX we,..
.. 11. COIMIUn1t1•• on .n.11~ 501) and coot,inin, bracken wr. the
lICIt dy;,_tc. but SUCCfIlS.ton W'~f ~ner.lly not un~-d1r"'t1onfl1 in
.,..~. of asiIRllar c0llP081t10fi. 8<'ttIlilt fne1y1duaJ 1pt;e1•• chanted

CM.1at , wti.,'h t.._rlcH 1ne;real1ng MOlt in frequency and

T. tr1.ndr. d.cr ••• 1oq .6lt, but IN!:;" ch.nee' (8g ptarld1U11 .qul11",.)
v,ar1ad vith 1~.Hty. ::

.... l
PhHlpp7. eva".H at and. had spr.'d in Qxt.nt. but tntnt'\.. ~~t,<

wlth older .tand. facilitating L ... rfcIM. Bird-diapersed woody ~1s •
•• t.bi tshed ""fir ftu1tabl. pc:Irchtrees, but ttl.\~.1r~ubHqUent lucoa.,
d~ff.red under d1ff.reut canopy lpec1et. Evidenc. luggest, that MOat
~n1tf •• in C IX witl .v.ntunlly cOh\'erae to for.at.
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XN'T·ROOIJC·T :'l.ON

TM ove"sn obJth~t1v.3 of thi. study wore to

- tiete".1ne tNt nature "Md ext.nt of v.get.t 100 eh'tlQell in catd1llll8nt

IX (Cathedral Pebk) fra. 1911 to 1S~&. and
- o.t.nt1ne pat'.:-n, of .roody plAnt r.cruitNl':'f;\ gr~h "f':C, mortality

after v.thdr&wal of ;'1-. in the ~atchMent.
1 .2. BACKGP.OUMO10 Tt'E ~TUOY

in the 19505, the prot.ect'jon -Ir~ f~r. of cAtclwent 1.< (C IX) at
Cethedr~l Pttak in the Nltal Ora".nlSherg was 1n~tiatad. C XX wat·

_1tuat.~ III • regton of cotchtMnts w',or.• veget.ation "as. inf1ue·lcld bY'

a frequent f 1!'"e reglm9. Th1s prct.ct 100 of C IX • dO\le(t V894ltat ion
c"'an~. tc occur, and provided tM opportvr It)' to dOCUl"ldnt. and .~U1in.
the changes. St.Ud~'9 in tf'te ar•• were done iIi 19l)3 tv 1(1lliGk (19tll);

it

and afound 1913~\fl'Af1ger (1~1&)surveyed ~'''11l1n':'It tranllcts in the
catetw.nt. Tht~ _, provided th~ basis for part of this ~tudy. FrOM1950
up. to 1965, occasional burn, occurred 1n C IX, Lvi by 1988 it had beon
total'iy fr .. o. fire for at laast 15 y""rl ..

"-8NfCh cat,chNllt areal of t,h. Catnedral Pt'lk art:l al'. man.~,ed
by the forestry Research br mch of the DepartMent of l:nv1ronment
Aff&1rr.: t!Wt1r goals belng 11 t~ nrcduct ton of high quality ;;atel;" ~nlj

pr&r-.rvat1"~ f the soil ",ant).; 2~ tM IIlaintenance of faUi'll and

florll s:,Mcfes diversity within cOIIIMUnit1es;lOd 3) the prOvfmt10n of
ac:c:-leraterl extinct 10li of sny ('.omponvnt specie" (~a inbr"fdg$ and Sc'ott,

19!tH. Research is directed toward o.t.nw1nlflg the 8ffe~ts of
manaqeftltnt dct ions or- the hydrology an~ vegatat Ion of the ca,tehNnts.

F1ra is the chief manl9_rtt 1;0(l"1 but th6 1008 t.,.. .ffll\;ts of
different burning regimes 00 tt. vf.s.tatiorl ar4 not waH understood.
Fir. has of COLi,.,. long been a dOlh'nant 1nflu.,u:.on ttl' vW9*tat1o.,.
Before man, .....H..i>~\l "nd ...... r light.ning fires WOUldhave cr.ttte..:t n
burning r.g1_ "f varying txi-.ant all~ (.gul.rity (Mlnry 1983), UII'h.
tM 8)(tensiv •• ter ~.r r091.. currunt, ly impaled.,



\
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The greatest; affects of thlS !:>urnif'lgh~v. l'eln to ,.,.<fntalrt
grasSlAnd OVW" mo,t of the (egl!Xl, with forest., and MOGdyp14(\~1 being

r.~tr1c:ted to alt1tud.1S below 1BOr.;~all1, or to !solated prot.cttKi
valleys or rocky outcrops. Givan the ~ithdrawal of fire frOll these
catctwerats, th. 8xt.nt and type ·!)f veget4t1on wh1e., ..auld resu1t is

opfm to que.tion.

1.~. APPROACH

Tn meet1ng 'tM overal l study ·'!)tljectives, a numbet' of different
ailtls were s.t ut:', ea~h preslntftd if< ~.parate chapters. Tila f~rst aim
was to Ule ~ran98r~s o~ta to pmv1de an f.y,;ervi"wof tM "ba~.lif'le"
v.9t'tatio~ of~1i13 (chapter 2). Granger's 1Y16tlles1$ did not provide

. I

thi, 1nfom~ rr'l ire ~measi.y di9.~t'lhie fonn. Tho second aim Wil to
d.scr1t~ tM a:tual vegetation C"'"9f'S "long the trausects since 19'13

(Ghapt.r 3). Th4!third tim was to lnv.st'tgltte In more d.ta11 tNt

pat.tflrns of recruitment, growth antJ IfKH'h,'1'~ty among "p1vnM.·.. woody

plants such as L.uc~side8 $.rfc,a and Philippi. avansii. and ftmO n9
"lat."" suc~tls5iona'i (forest prec"rsor and forl~t) woody specie.
(ch.pt.er 4). TM f1.nal chapter aimed to ;surm8r1z~ the general features
of successtc. in C IX and exnminfl! the extent to which the observed
patterlls of change fol1owe~ tti){Jseprl'd1cted from various successtcnat

theorie,.

Fmal1y it should be notftd that this ~tudy was ",s·ln1),.at the
descrtJJtiv8 level, lIhich does not provide d.,t~11ed insight 1r.to the
mechanisms of ~lJccessional .;hftnge (Finigan 11).e4). Instead. it was
hvp.ed that. by examining the patterns of ChlUl98v hypott\\)ses about the
l1k~ly underlYlng processes could be put forward.
1 .•3" ;2 It (JtA"GE~'$ 19 '13 Q~SELINESURVEY

'Gr'anger's sampling design of 1913 formed the basis cd much uf
this study - essentially a resur·.f"~of C IX. Granger surveyed the

catchll'ient by pl,cing a rt!JIi'Iher~f 1m wide trtms.cts IC'"OSS it (s •• Fig
1.3), antj recorded tho nrtserce of species in 1mquadrats placed
cont.inuously or alternately .,,10119thttm. Unfortunllt.ly I1K'tsttnmsf!tr.:ts

w.ra not c'h)arly marked 111thtJ f1eld~ due to few mar".r J)()les 1»1n9
plac\ltdalong them or pol.a having va"1~tied in th<a 1nter\'lJtn1ng period.
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In this 'Gudy only par~ of tr'n~eGt 1 could t* found, and the first
stretch of trans.ct .. was prc-bably not located 1n the SIIIMIplac. al in
1113.

Gr~n~r ,",sadNorMal Association An.lysis. separat.1'1 on each 0'
ttMI transacts, to identify t"- plant cOMUn1ti.~ ttl!'OtAghwhich tne
trans.cts passed. The re~ult was that the <.C"WIIftUnit.1as d.f1ned in on.t

tran!l.ct bore no d~r.ct relat.ionshlp to tOOl'! in another.

... • tso placed 25'1\1. wcxx1y ph"ts at ~0Me p1actl$ a 11)ng tile

transects, and recorded tt .• speci •• , he1ght andbit".) d1.. t.r i,)f

woodV plants in th8:fl.This\) plots war. not perm!n.ntfy "'4r~edt but
(for most) d.sC'r1pt1or;:: flf their loc&\ti<)ns w.re !)r!)'Iided in his

thesis.

Grang.r iJsed maps of the cltchm6rat soils, radiation lev.b and
tOPQ9rephy tn ~nt.rpr.t his fir;dingfJ. /;lttlC'ugh he studied SJ,I8018S in

relat10n tn 'So1l type at 1011 s,"",11ng points using Principl.
CDmI)OOentsAn~'lysis, he \i Id net fo,..ally rcle.te the species

dist'~ibllt1()!1 .'lo'1g thd tr~(l$.ct to sotla, radlatton or tc.ptJg"aphy.

il
',I

Some ~ncnn'1st.nc1e8 ware found 1n the 1973 aatll s\tt wMn
relating Grl\nger's d.,sc,.1ptlons of c~untt'18~ to hb raw data, and
h1s tx»rtrayal of to!'Mlun1ty position:! to the contou,- map and the field

s ttuat lcn, rach incunsist.m;:y was dealt wit" ana IMtntiont!d where
necessary in;th", t4i(t.

In this study, the tr~nsgcts vera re'!;urveyed at a reducttd
sampling intensit.y due to time constraints. The ur"g1nal aim was to

achieve 1/2, or ,.t -;e~st 1/3, the 19'13intensity ('See append1x 1.1).
Thfl final sampHru~ il1ten,1tios var1~d from this bacause of field

:':.,ndit1ons, and endad up at overall 41' of Gr'"9flr·s.

Jhose woody piots that could be relol'af. ...w war9 r."IM:lsw·ed.
Becaus. MOst sect tens of' the tt >ma.cts, and ell p'lots were uat
P4tnnanElntly marked. their relocation Qv.r the th1ckanld v.giltat1on was

not ahlaYs very accurate. Additional woody plots were aet Uf) in some

are" (~f C IX, rl'!opres.ntlng a greater range of woody stand l.gel.



\_, ;, :})I,
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Hgyt! .hh hips jhuwi 1'191) t.h. 1ol:lh an of the t,ilthtdrd Puk ar •• in

... ~.l, South Africa; .nd 2;.. the por.ition of C.tr'h .. ",t IX uOl1q th•.

dr_irllqe t.uins Df thl titth .Irq .t CltMdrll P,uk F'orntry
R.learch St.tion.
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FrobJ._ occurr..:2 with specie. 1deftt1f1cat10f's ~n this r... f.\,p·~.y.
,. I'

Mlny forb and :tedge .pec1e. in the IHd1ing and 1.. tu,·. !l.t .... )I at'.
difficult to i~t1fy •• nd cons8t;U8ntly did Mt fo"" ~rt cl the
qu.ntitative Ilnl1,.&.5. A list of spec1•• 1dontH1td ill 19S' in .ach
COMaUn1tyalong the tr."s~+,s is giv.n in apptnd1x 1.2. The naNG.
®ta1ned f'ral the 8otanfc81 R•••• rch lnlt 1tut. for 3edgea in tt)is

$tudy, IrG not I1M11.r to tho.. ,iven by Grana-r. KoeJ.rf. cr1.t.t~
InC F.. tuc~ c.prl". ~ould not be 111st1n~tshed in 1$8&, ap~.,.tn~ to

gr.de into each other If'orpho1og1cally (and biting ..Uhout flow,.rs).
The.. were Analysed together ~s F.c,prtna. Granger did not r.card
Ofhfltltropogon fMP7.ctMJ' in C IX. It is possible that his Andropogon

$)t/ren.f, "15 this sp!IGi~t•

.. • ~ STUDY AREA

'I .... 1" ~OLVGY ,,~~ ClllfATF

The IIIOUntafns of the Cathedral P.ak a-.a were fot~ frOM ,
Or.kenlbef9 ba'UIU1c lavelll underlaid by K.,.oo se"ltjlton~ "nd shftls ••
Prolonged r~ver \I.ll.y incision In<! scarp erosion sculptured the

basalt ~acarPMInt of the High Berg (~OOOM esl) and the ,••• It-c8pp'd
"nd';Jwtone t.rrac8s of the little B41rg("1ng 1972). TM Littl. Bet'S

fonn Nny first and •• cond or~r dralnlge blains, one of wMch 1,

catchNntI/ (IS .. fig- 1.4).

R.infall occurs in sloIMMrand vat'ies wl't:h altitude, from en
11nnual .v.r~ge of 1200. at 120Cmeal to 2000lMtat 260~ a.L sUlflftn
,-air-fall 1. 180o.m/f\nm•• Snow f"l1s occalion.Ny on the little 8."9

\

durin, winter. For 1 fult de"cr1pt1on J)f the l1~~le Sera cl1mat. and
/!

condit.ions in C TX, '" Eve,'son (11185) a.ld Granger (HH8)

r."pec:t ..vel y •
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K1111ck (191S3) identified tliu,"t vegetiltion t-.lt. (elt_x

coa!ll'uI11ti~l) tn t.he Ca~.hedral Peak ares. Thes. were situAted alQt\f, the

tllt1t~de gradi."t, but subject to the modifying influenc" of lcxel
soil tyee, moisture status and fir. reg1Mt. The ~~i8tat1~ belts ~r.:

1. t~ Montane belt - Podocsr"us latlfcl1us for •• t. 1280-182~

.11, generally 1~in9 ~low the sand.ton. t;;;~/', il,

Z. the Sub'''".lpine be'it ~.P.ss.rin ....Ph11ippfll··WfdUr1ngtt)/H4

ftnbos. 1830-286511 &$1, -It,cOfttpaS5t1ng the b6Slalt-c4~ t.rrace. and
catchment IX,

3. tn. Alpin. belt - frlca~He1i(;h("'!JUIft heath, 2Se5-33tiOftl all,

including the ba;y'~t scar!).

catchMnt IX ~1•• between 1800 and 200(\mas'! and conta tns ft')ur

domif'an+ Yogetat 1GiJ1 typas: 1.~uctJJ1dea serfe." scrubland, Phi h.W'ta
.vanst1 Ihrubland, Ptlfrid'i'Ulfl IIqut1 inum Cbrl!ck.n) veld, r~1.
tr1amir':t grassland and Prot ••1 savamla. FrcM obs.rvat ions. 1<111ick had
propo .. d :1 ~r..ral S8qUanC8S of cOllllftun1ty change after withdrawal of
fira in t:lf!t Sub-aip1na arIas like C IX which ended in PlIs$tlr1n6-

PhH1ppf.-ltfddrin~toMa fynbos or L.sericlJlJ-Buddla'i, sa/.,11f011. scrub

in MOist sitss (591 appendix 1.3). He considered the sot l
characteriatics and harsher climate at this altitude tu be host11. to
the d,v91op:'l'lftntof Podoc~rpus 1atifo1iu3 forest whien uSl.:al1y

predominated at lower altitudes (below t.hfl stmdstone cliffs in the
Area). A s.ucceas1o!":a1 scheme was also developed by (kanger,
1ncorpnrat.1ng molnyof Knl1~k's idea" but .Hawing for the t:>Outb1e

dev~loPMnt of fOt"3t, or mote lik,ly l.slfrice.-scrvb for.st (s ..
appendix 3.2,3).

1h6 Actual ·'.get4tion chnnge. occurring in C IX wou1d depend on
thft properti&s of the constituGnt spacies. Species response. to fire
!ln~ its withdi*8wal ar'e rltlevtl.nt to the Interprttatiun of succi!sa10nal

chan~s 111 C IX, and some $tud1us on t~. !ubj.ct tjav. been lItade (Smith
1982, everson 1919 and F.".rson, Everson ami Taint.on 1984):



WOOdy spec 1••

~1th (1i82) four~ that f~ur r.QMMOn shrub speci.,. L.I.rtc•• ,
B.s,,1vtffolta. Jtl1ddr1ngtonlanod1flor_ and P.llV.nsif , were adv.r•• ly
affect~ bs fir•• ~v.r ~y O~.y•• r of '91, the f1rs~ ttnee w.re

'\

able to ...... prout after ffre. P•• Vllnsif WII more .. ns1tiva to b4ting
bur"Hidt but waM Itbht to per;1tt at a sita by sMd srtrm1nat10t1wnich
va•• nh8nced by fir •• Provided fire w.~1.ss frequent thin the tiMa
P •• ".ns1t took to reach !Mltur1ty, er the other spec:.1.s to rsccver by

re-sprout1ng, th.s. shrubs could r..a1n in a~ are •• In the ab.. nc~ of
fif'. th.1r populations could 1ncrMls••

L.lflriClfll, P•• vansi; and ,:~.slJlvt1fl)lf .. ara wind d1sperslltdIptlC18.
which pera1~t 10 ~1st Sif~S evan 10 frequently burn~ erea•. They May
be • .I(p4I<;ted to 1mtade Qr.a~ ahead of bird d1tpersM Spe<.i6S. and can
be r.garded as p~on.. r ~oody speci.s. SUch .st,bl1shtd vind dispersed
:;.pec1•• MY act .", foci for trn. il:rr1val I')f bird d1~ptrs..d species in
"11 are., re.ulting in patches of ;v ~ ..~tatiQn different in. structure 'lnd

\ t. ,

CaMPOli t1on to the surround1 na Y.Q~tat 1on (McDonnell and St il",t 1983).

This procftSIJ fs ~alled nucl.at.ion (Yarrarton end f40rrison 1914).

Herb4couua I.peel ••

Th~ response of herb.Claus spec1e. to f1ra depend. on ~t.s••• on
and frequency: S~r burns and no fir. for some a••son. caus. a
d~r.astt in graJ'.S such a. T~. tr1andr., Traahypogonsp1c~tus and
Het.ropogo" contortus, while Tr1st4chy.. 1.ucothr1x. Hltr/JlichIo« '1l1.1C,
A llc"Jt.roptfts sBII'falatlf anci Rtlnd1i s « tter« ~ncr.as8 (Seotctier and
ct..rk. 1~(1).

lhe r.spon:.8 of these 9ra~ses to abflenc.. of fire rnay be cl!u,ed

directly, for 8":lr.Ipl. where r, tr111ndra shows reduced Mcondary
till.ring it not. burned (r:v.r'~t!lt Everson and "flinton 19S.. }. They m~w

"

0110 be an ind1f'8ct response to alt.red conditions lifter withdraw$l of
f'ire, lor eXe!MP'i8 chene" in so11 nutr1ent availability or mi ,ture;

., k
shad1\~g from P5r~1st.nt moribund 9""'S tissLlft, or' a ct1f"",' 'J .n tM

I!

fglati,I,'Y' competitive abl1 ity of 8. species whose n.1~"q,r' tflg ,,*c1es
are decl tn1ng 1" rttlponse to absenr.. of 'fir •• Th~ 'l~" lu.ncoa on gr.»s
2(owth ano mort,l11ty of fluctuating weather apr" to be small
(Everson H~~&).
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Ot....r herba~o~!. $pec1•• include bnclcen "t.rtdi(JII 1Iq1l171n.. );

.. ny vernal ".Pf'Ct fl)rbl uhos. I1f .....h1ltOI 1 s.. geared to flow,.

a1te:- spring f1r •• ; cut~ flowerin~ tl1!b~ '.iyldSOMe s_1 woody

•fynbca-alsoc1 at-s , spec.1e. (1<1l1kl< I'·p••i ~. P.Mlu11tnlMl oecur'i on
~ • .,1st IO~1" (K1t '1ck 1983) "NJ t" fir. r•• 1stant, hlVHI8

underlround t'hiz... s , ::t can ~f'\t'twe gr«uland in the abHnce of fira.

Everson and Br..n (19S3) ~~und tOMe ev1de~c. that P.aqu11fnu. reduced
the growth of P••v4nsli and restricted its invasion of ~rack.n veld.

1.4. LITERA-(lIRE REVIEW : THEORIES OF PLANT SUCCESSION

Aft.r • diltaroance (,uch IS fire), se~~ral plant populations .. y
prograssively c.... to dominat. a site. TMI directional {:hangewith
ti_ of tr;,ecia.COMPOS1t1onand/~r v.getation phys109no111Yat 11 lite
(whe"'a cliNt. r.aina .ff.sc..hely c(inst.nt), 11 (;111.0 succession
(Fin.gan 1iS4). The underi~)n!l &1Mllarlt1 •• of successional pattlllrns

in Many parts of t.he world ha". led to a I.arch for the undarlying
IMchanhtn. controll1ng it. tWO _in but seem1ng"IY confH~\: In&th4Kr1cs
ha\'. bMr proposed to explain slIccaalioo.

The first thGCry is that the species and growth fOnA ~hlnges that

occur during sucees.ion are a r.~ult of 1nfl~ntes wh1ch the
vagetation pro~res.1v.ly davelop, ovsr ,ite e()nciitior.s. (OdUM1980).
Th1s is .. hoHst.lc v~.wpoint, emb\Xtiltd tn CltMnt'. (1Q~&) theory that
when plant sPtc1es .fltab11.h thMs.lv.)s at II s1t(t, they alte,' !l5ite
cond1tiOfl. which then favour UK' e,tablisilMnt of other specla •• T.,..
succ""sI1v. occupation of a site by diff.rent speci •• , resulting frOM
pl.nts' inflL46nCeS which .alter the local environment, are termed r.t~y
flor1stics (Egler 1!i54) and auto')Gnes1a (Finegan ·i984).

The second, reduct1Dn1st t.heory, is that succession is ~rely the
sequential dOMinln~. at a Bite of species ~1th diff.rant l1f.
hi.torie •• growth fOrMS ~nd siz.s At maturity (.g Qle.son 1Q17. Gr1~
1~H, EglfJr 19~"'). Autogenic change. are .un .s inh1bit1n$J
succession, n~t rac111tat1pg change.

ArYUMnts agllnst tM holbt1c thftory stem phrt1y trOll Egler's
11

(1G64) ob•• rv.t10~, that (in cont"I$t. to suec.lsha O~~~UPfttiof\)thft
,/

1n1t1aJ flor1*t1c cOlltPOs1tionof a/~·:t .. wei IMPOrtant in dat.nn1n1ng
ttl' d"f'8Ction of v81j18tat1oncr.anetl'. alld that the .. chk.lgell could be
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Y1~j puraly a. the r.sult of the pr~s.nce of .~1'1 u1th d11f.r~t
he1~ht. at MtuF'ity. It Wit also thought thAt the hoHst1e view
illPHf'd a pr«.r1ctabl. sequence .notn, ill • Itabl. "c:l1ux" v.,.tat ion.
~ft~1.alfy .dapt~ to the pr*va11101 cl1~t •• Much Iv.flAbl. evidence

,
h1enl1ghtlld t....oon-uniforll1ty of th4a succa •• ional proc .... and

I, '
.httt1ng !IIe•• il'! and cyc!1cal M~ur.of ,,"ange. ()Ccur~·ii~9 I",) ao-cal11Kt
stab 1, c 11.. x vea-tit 10'••

The flal(4"t.nce of the.. alternative pathway, l'ld cyc1ic pMnOlNnl\
are not .(counted for by holistic theon. HoWever, OM of it' MOst
iMPOrtant f.ature. ha.. been accepttKS in ('u!'.:-ent tI':inktng on
.uGc~ ••101't: 1,. 1nflu.nc •• that plant.s haYe on ;nair neighoovr',
f.!Uv1ronMnt is se.n as Interact 1n9 wtth the .Jpac ,•• ' Hfe-his.tory
~ropcrt1.' to ci.t.nl1". 5uc..ceulonOl!ltt 19...t , Woods .nd :';h1ttaker
1081). For eXeMpt •• Drury and Nisbet (191J) r.co~1Hd that MOISt of
tM phfirtaHna of succession can b.'t understood IS • eonsltq\:(tOce of the

growth, d1ff.r.nt1.1 survival, and perhaps alao t~ <.irff8r.n~
colonizing abit1tie. of spec1., adap,t.d t6 growth lit differont

, points on an enviromne(lt~l 9r~dient., which varies
(autog9nical1y7) nv~r ~~~.

Conn$ll and Slaty.r (1911) ha \~.led suceel$1on at t~
C(.1llftfJAity lovel using the interactions b$tw.. n plant~t influence, on
their .OYironMnt and their l1f ....h1st.l'tJr}, properties. They proposed
thr4lO intlllfdct1on. which tead to suec •• "11on,,1 change (Pickett E¢ .,

1981). In all thra. "_t;nanisms" t thf, ir.it.ial .._5,~\'lge. of suee.slbion ara

oCtllinot..-J b) ,petie. with copious prop.gules. good powtr-. of seed
d1spera*1. end the tlb1J1ty to :~stabli!\h end grow qui<:kly to Maturity
in unoccup1eti sit ••• ',hey modify the $lt8 to Itlft~. it unsuitable -rer
f,:Jrther r.cru1tmant. of .... r'l~ .. spacies. Aft.r this, the mechanism of
ch.n~ vati.s:

In the F'8Cil Uation m.."'<i.f, early species also 1IOd1fy the
.rwi'rontrtant",.;':ina it su1t.~1. f"lr otMr "later" specie, to 1nvacki "ltd

<:

grow to maturity. These in turn tac111t"t. the 1ny•• 10n of yet other
\~

species. IJ {\

\\ I.. 'i
In tM TQlt,,,, }ce If'~e1» ~.rl1.r t.lJ89i ... do oot aff set tt. rate of

recrul '~nt of tat., ~~(\~••, which s.r4' '~lriPly tho.e with ,••• rapid
:J
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dbPltn~al or .,~,. growth. Only tho.. sJ)4Ic1esatCll,rQ ..t of the. .,'

incr.aainG enYironMent~l ,tre" clated by other olant.· pr,Menc., w1li
vrow. Th<t.. lpec1 •• CII grow at lower lftv.ls of re~:.)'Jrc. avanab111ty

ttMln e.rH.r ones. and ..0 persist te tOrM the nth " stage in succ••• 100
(altholJ9h IJI)' ",ff.ct. of CQllPetit10n lower1ny;. f vnwttt rat •• of
-tol.rant" spec1 •• appar.ntly .,ulliff .... tn1. fIOC1el). Mil"., (.g ~·n\t98n
1Ge4. Hutton .nO SMith 1981) criticize pur. t'·'Elranc. att an

\\

- ~--,;

u~r•• sonabl. ~hani", and rAther view it II I special r.action to
cat\p.t1t10,). Tolersnc. iMPl ie!' that turno'·.r 's r.ftHy tne outcome of
pla"t/plant influence. on diff.r.nea. in specie,," life-hi.tory
charact.rist tCIl)ai1d oat+..rns of r.sr;"1"'ct U", with e,!'" '.81' specie.

be1rlg 1.as .ffect tv. competitors.

In the I~h1b1t1On moQ~l. tilr'1.r SPftC1~~ 1nh1b1t the 1ovAIion ana

growth of later speci ••. 0111y those abl, to I)Irl'l$t in the pr... nc•. ,f
aarH.r species (a. sM':t or suppresliad ~~Hna.) will fonn the 'l6:oc.t

ataya in succ.ssion, when ttle atrn,r ~pec1'_1tH~. Sinee •• rHar
spectes are .horter-lived, they will gradually b, replaced by longer

, ,~'lv'Ml spec1l1s.

Tha thra .. ,,0091s diff.r in the cal!se of dat.th of tt .... rHer
" i

colonists: In fae! lit.tion and tolerance models, ti ,!r41 killed by
GOIIII)et1~ion witn later speCie", whi 1. in inhibition tney tiro k ~ lad by

old a9~~ or outSide 1riftu."c.s such as ~'('_·"'MnG ~nvIronment.l
(;ood1t1onl, herb1vor.s and pathogttns.

Evidence of the•• mod.l. does 9xist, but as F1n.~.n (1984)
_fla.hed, ell three Ift,~y aff.t;t the same 1ndhtiduol succ8ss1valy or
s1.,(llta, .j()u~ly during its J He, for fjtxMlPle the humus condn hln3 under
• (:anopy tr,. !nay f4c111tat, a sesd11n~'s .stab11shMont, but the lr'JW

l1~'ht cond1~~1Ijn~may ir.htbit 1t~ 9!'"?Wth.\i Any on~ mech,.p1~ cannot
flo'l.ly .xpla!n tJ'l6 change f'ronl one SUc(.9ss1onal :&tage to ttl. n.x.t.

I

liable and Slatyer (1980) f'ldopttitd "tt ..pp,roach to ltK>d.l

pr;>pe,ti •• , ~~Id is let.. axplic:::1l about plaut int.nc.t·Joos. n~
approach requ·,r.c a kn"",ledge of the "vital attdbJt •• ee, ':.\f 8041c1.,: "
succ•• s1onal 1lflOl,.I.nc. is c~plt!1n·ldin the model by tM r.'at'Jvo
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a) ab1lit 1e. 0" the a~~i.s w an'tva or persist At;' I sfte aft.r
a d1atl.!r*ce auc'" ~ I '1ro,

b) ab1Ht1ea of thCJ "~l.a to estlblish Ind/or a'"cw ta,I;,~tur1tv
Aftar the diatlArbane.; and

r·,

c) t1 .. tt.ken for t~ to reach r,ptoduct1v... tur1t}': for their
propago:1 II to be lost (rom the aro.; and the r.lIltiv. life-spana of
the 1:\J1vtdulls.

!h6 .fr,l(.t of int.ract1oo. SUGh 41 :all.1epathy or shad1(l9 is to
MO<1·h anoU!L sPfsc1es' vit~l attribute. (Hutt,on .nd $m1th 1941) - tho
exact 1J\t'lract h.m (nethod n6e<1not be ldent if1ed, only it s ottCOMet.

A1tfllrr.i!tIve t~<Jr1.~ ha". concentrated on • r'SO~Jrcn' ,.eo
approach, pr.vll",sl( only illJ)l1c1t tn oth.r 1d"!.s. It use. the logic.1
pre.1t. tllat species diff.r in the" ( r.,O\lrCI aHocat ion str.te91es,
.... ch eM having itt. eOlts in terms of physiologica' and P.I(\:;~holog1cal
trlde-lJffs th"t pravant any 'J*:1 ... frca being cpt1aally I1dapt~ to
~1l cOOd·,ttons' (HUlton ol'!d SMith, .19tH , se. alno Drury and :.t.bet,
18n),

An .xanapl. 1. frOll Til un (1885), wto Pr"opoMd that a major

trade-off ~as in al1ocat1~ to below versus above-ground fur.ctiuos:
1". ~ul1 re,ol.lrc./Hght. rl'.iA.'Urc. rllt10 repr ••• nts a I'M.1or gradient

~lon~ ~hich species hav. diff.r.~t1ated. ~r.d the 1n1t1.1 dynIM1cI uf
s4c.:lndary slJccess.ion May d.pend on the -:hlmg1og rat1Q~ 0' the ••

l1miting r.80UI'"' ••• Speci •• adapted to IYts:dm1l1ng SOil-resource

capture ti!4rly on in suc:ces«1on, ar3' rephh:ed by sp.r.1es adapted to

IAlx1nti11nIJ light cltpture, as 119ht level. deteriorate dV,.r-1ng

s;rc~a.sion - ttt. relJlnc4IIMnt procalJS Li'MIref,'re deoends ¢n plant,'
(relative) cOIr.petit!". abilities for l1Miting r •• Ol.irces, IIv1der.t in
the different fOnRI and 9tt\'''lMt,r1., of P~.tlt "raans (., Hor~ 1911)_

This explanation of succ•• t1on n.~ieet~ ~~nv other aspects 01

re.ourc.-411ocat1on tra<M--off ... hien obv1-::usl~ canstra1n a spacies'
position 10 a .ucc~ ~onal d6tquence. Tradlfo t)fh in plant ""nt.nance,
det'anl.8. growth r*t.. ora~ and reprodYct1on (Gr1_ 1G7t)~<.loog

with ttl!. r •• pons•• to teMPOral pottern of r.8()lJrc. Itvan.bi Hty (Pr1cfl'

1884), ,all act to d.t.m'r.a I .pec1 •• ' posit "on if! succ ••• 1ol' 4



gener.l acn.a r.t1ect1hl ~f .. • 0>4.,.11 reaource .i1oc-.at1Oft
IltratAl1.,. Md alllO •..ne prapert 1•• of specie. 'rolf .. rly, .1ddl. and

~::::;-;:::::r
At OM •• t .... , character·i.tici that C'JI"tf.r success aod.' after a

'\:-.

d41wrMMt hM ck3recS • 11t1~, are high ratM of diaper"' ~::-'\
\1

cop1oue tMd product101't, f.~t.lrowth, .. 11 .1z •• and short 11'......
(r-,,'ected), wht 1.. thoH .:onf.rr1nt .uece.c "~ur in succe.,ton, are
'.rgll atl •• at _t~r1ty .nd shade tcl.r.nc., "Meh aCCQIIP&ny.1:JW

.'
rat •• of d1.... raal, ' •• r " .. , .low ,f"O'rth, and lonl 1tf •• ~n. (K-
M1K,t").

Hutto."I and SMt ttl (1 9S<?) cone llJt1e t~t ., tJQalh tt.. ..,.,roachH
outl1lWd abo\-. ct..crtbe Mfl~ a• .,.cta of .uccu.~on, the)' f.n to

rey.. l tho {.;0IIIP1., l1f ... h1otorv trait. a.nd r.~t.1t h" IlleGhar.1_

~r.t1nfl. The1 .1'0 tend 1~0et,r'lwt •. ,1na'ividvAl ,ropertiQ (.ueh ••

height adVantage, in i1(p1t CCIJ'Af)elt1t,10f')to the popul.~.1Oft. ~

SU"•• cion '~. a s:-iant-by-o'"nt r.plf.cCMnt ,.,roc.u. thf. 1aportan" 01

l1f~"h1.tory attribUte, .,~ relat1v. and o.pend on the .pec1~ic
Mv1ronMnt&1 condit 1on 11 ,...ult1ng frCIN CQIIPet it10ft with ottler

individual., as wtil1 ar.tn. life-ht.tory attr1b\tt •• of tM oth.r
ir.d1vidual •• An 1n-~pth understam11ne of v.gatat ion Ch.'l;' l't j 11 only

come fro. vi~1nfl ~toc~•••• a~ th11 l.y.l.

(.f
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CHAPTER 2

PATTERNS OF SP~CXES AND
COMMU'__'X'"l Y DZSTI,",XBUTXON

l:N C 'XX X"" 1973

2.1. l~TROOUCTION

Tns Object ivai of thh ch.t",t.,. we,... to

1) eselcrib8 tno d1ttrH)ut1on of k.~ s~i •• 10 r.ll!.ion to 1011 tyoe,

alt1tudO .nLS Ijv.rl_ annual rld1ttt1nn '.vals 1n 'C IX;

(\

intensity ot

Vi3W vea-tltion chlnae' in C 1X_ Wn.t'SfOl'l,Inger'.thesis d~d not g1v.,. ,
ad.quata or ..asl1y lu_ar1%eG JelcHpt1onl' of the 191) vegetat 10n, g
i.\SPlct~ of theM baseline d.,,!\ nc"',o add1t1r;mal af"l~,f!I.. ts to ~lp in f
. ,'. \ II It
1dent1fy1ng and undllr\;';'and1ng t~ patterns ~lf$ubstf4uft':~(. ',egetlUon

"
fn.,'s.·lf~9"ted in ttriachange. Thr.. ,nptctt of lorn. 19T~ data ".re

chapter

\I 2.' .8) Specie. d1.tributioms in r.l~t)Of'I to
.nvir(m_ntal f.et~or. /"

GIAnget U.'Jod no tOrNl statfstical t~chn,qu'9 t~.x_in. the
I.

d1atribut1on of speci•• or c08MUnit1 •• occur(ing .long the trMn,.ctl
in rel"tion to und4trHng .nv1ror_tltal fe.,tUf.S. He did. howe".r.

/;

prov·ir~. information on the cot\:!hf.Qnt ao11s, alt~t.ud' and r.d1at~0fI
'f.Byels. The relat1onah1p, between these .ov1ronMnt.l factor caMPlex ••

in c.tc,-nt C IX, and $PfK.:i •• distr1but i(",1 along t.he transectl. were
\.1

ther ..fore objectively d.s!.":rU'Iedherllt using Binlr; Dhcrilll1nant
Analysis (Strahl.r 1118).

i}

\\
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ThiS enalya11 helped t~ int.rpret the ~... 11~ d1lt,1but1on of

.poe1.D e~ uf plant ~n1t1 •• ld9nt1f~.d by Oranger (v.'ng No~~

AllOClet.on a"ely.l8») and to 1nt..rpntt, ttti !'ubs.equent v'gfftat 10n
changfta lIt C IX (1n ch.,t..r 3). SQ11, altitude alld radiation 'ev.1'I

wena u.ed '-'.use •• ,h ; .fleets 1n SOM ..W the 1011 JIOHt",ra grld1.nt

1n the cetchMnt - " f.ature IIOtt lik.ly to be the primary det'nl1nant

Qf ..peet,. COIIPOa1t1of'{eg O~x, _1ns 194H. Kill1Ck 19$.).

-'-

8ecau .. o~,ral1 d1str1butL1n patterns w-r, f:.'e1ng sougnt,
scattered, 1nfraquent SP&~l'l~h1Gh wer. unlik.ly to contribute to the
~'''''' fiett'fna, .rll oot included 1n this anaiysls. 'fn. chate. of k.y

t;pec:1es inclUded :ttlJl'l of ;.2~ frltQIJlnc) tn any transect. bot aiso

t.ho~. which Graelgf'r had found to charact.rlze d1ff~ •• nt arl"'~ of

.... get.,,!: 100. !I' .IJ)POsedto thQ.. (such a. "~ilY forbflS) wh1r .. occur-rctd at

'I low ff-.qu.ncy throughout fIIOl" of C IX.

2.1 ..b) Silftilarit.l•• in apeci.a cOfftPQaition bet"" .. " 1913
plant coa~unit1e8

The •• corJ(J ,spcc'!: \If the 1973 data 1rlVe.t 1gated, was the
( ..... _;-\,\ _,-.'/

sjCRllar1t1 •• bet"'t.'ttn t~, HM'':a.ltntt1." fr(.flt d1ffar"nt transectl. t,'"
.xp1a1ned 1!"i ch ..pt-ar 1, (.cntun1t le~ had been ident1f~1Jd Sf)c,.u'at~ly in
:
.ach tranHct~ and coc-.!flit1es frOM One trl''''",.ct bore 00 iHre<:t

relationship t~ t.ho•• 1'1 ano~,h4Ir (Oranger 1916) - It writ not the taa.k

of this stUf1y to f,lG-doGran98r~. class1flca# ..ton •• "pec1al1y a. thl

cOM~,"1t:.s were in moat C'lIl.S q~1t. jus~/h'1ed). CQllMUn1t) (,

similarities, deterMined us1~g oetf3nded~OrrespoOdenc. Analysis

(DCAL 1,.9r. usftd to 1c.nt~fy brl)ader V.~;tat10n types t-sr us. in
'i /1

chapter, 3.. Chapter ~ looked at the tlat~.rr<l' cf Jegetat Ion chang.e at a

v,(r1.ty of tc~l.a, rang1ns; 'rCllft thoa.}n 1nd1v1uu.' co...M.lhlt1.s, to
/1

tM.,. in vltge~.• t1on typel_ to patt'I7,~/.I 111the catchment It a 'llho18.
,- ';I

DcA also\'~)av.al~ the Min gradients//1n .pel.~1111 and COfttMUnIty
!I

d1Itt:'~but1:.m wh1(;h could be 1ntlrprJ, ,,~ '1-': ~.,,,; I i,'44i. iun frOlft the
!\ I' /1

'I81nary ;j'!scr1",1nantAnalyr.~." and: 'ovidctd un ecolOSl1(;llbasi. for

identifying tt_ p.tt~rna eyfv.9ftt.fi100 ch5n9' in C IX, Again this
, /1

•• ct1on ~~~ tk.y· spe~1~s. but i1plUd~ng other. which were fr~."t

enough in SOllIe "con.un1t1Is" to pJ;nn1t Chi-squared or tqu1Yalent
testint for c~6nge. in spar-jl. frequtrcy ',a. 1~73 to l~te.
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2.1.(,) V.riat.1or. 1,. the DCA acor. of ~n1t1 •• wi~
reduced .eMPline inten.it'••

l~ third ••~t of tha lV13 data tn~•• t1gat.o wa. the .ffect of
varl.t~on. dw to • r.ouced saapHng 1nt.nI1ty: The 1986 resurvey of C

IX uled .n av.r.ge 0' 4,1 of thl 1973 .~11ni tnt.nsity. Bee.u.. DCA
vaa Jed in the following chapter to ck.ter'WIiM .uce" ••1onal trertc:t., it
waa neces.ary to estiMate the ...,11ng v.r1at1on 1n the DCA scor •• of

(I

~1t1e •• Theae .atil11te. provided & ~It. for identifying
.ien1f1c.nt differ.ne •• 1n the ordfn&~1or. SCQre••• r.~ ther.for. in t~e

apee1 •• 0QMP0.,t1onl of c~n1tte, .t diff.rent t1.. , .fter
withdrawal of flr. (i.e. 10 1973 and 1986),

2.2. METHODS

2.' • t tmnllllTIOII' OF lEV mCItS II .£lAnOll -TOCATC"IIT SOIL TYPES, Jl HTUDE AIID AIiMUA~
RADUn~ lEVI:H !Ie '913

linan tJscr1",1nant Analy.11 (SOA, Strahler 1918) V41 used to
,

d•• cr1o. Jpec1~s 8ny1r~nt r.13t1onlhi~s in the 1913 dtta" This
techntqW USf.1Sp,·••• nct'-ab •• ne. data and fl~tor Analysts (fA). or
Principle eo.POren~s Analysis, to 1dentlfy tnt ~.Jcr tr.nds of

variation in :':i16c1.e composition betwwn ."Yirol'lMlntalgroup, {.g
'-I

d1ff.rf)n~. 2011 tY~I>' il'lt:1 to identify aroups of spaci •• '11th s1.11~r

patt.rns !?f p,.eslnc:e-ab".nc:e responSe! to the ."'1 i ronP'K!lnta1 groups. BOA
1nvdved a n!..lmberof stIPt,;, g1'Jffl in appendix 2.2.1 lInd outlined
below.

UI,jng Grl)nger·s IMPS, thll transects (exoluding fA and t t , for
"'hich full data "er' not t!lvanab·.e at t~ time ~f tM 80A .n81y.19)
were d1v1ded into ser;;t,ions aecordi'lg to the above environment'll gro"p~
:/'(quadrat aroupings are givan in appel1dh: 2.2.2). Thr.. dlta sets

r.~ulted, on. for each .n\i1rorMnt.l par .. tar. Speci •• frequenc1 •• 10
•• eh group of an envirOfllllentalpar_tar wore d.t.r1Itinedi and

\'
conv.,rted into tttandar:i1z.,d r•• iduals. Factor Anahfsts "a. tooduct.d
on the Ml3tr1x Qf standardiZed r •• 1duah for each par_t.r. f~!IIOde r:A

'. ,;,

dif!cr1lfti,1atad ~tween group3 of an env1ror_ntsl par_t.r on the
b.,1, of vegetation trend.) and R-MOOe FA ~1th varfMax rotation
d1acdm1nat.d beb,.. n sroups of spec·le" with siMilar d1!&tr1but~on.l

responses to the parametlr.
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The env1rOtWel'\t., par .. t.riJ (11"(\1.1.,.)used hare (1011, altitudt.

and recl1at1on) WA 1nU.rr. 1attld , in that .011 type and radi.tion
oft.., v.ried with topGtrephY' 'and bIt ttu.de. No .ttllJlllPt w•• IMIde to

.tat1at1cal1y d4ti..f"1I!iM thatr uniQUI .ffects on the ve.. tatton, but

t,M. WIll kept in .1nd durin. 1nt.rp,..t.at1o."Iof thl ,.ault,. a.c.u ..
IIOat l.vel. of the .nvtrotWMtal groupa we'" napl1catolKSat different
poa1t1on~ in t IX Whef~ uther ~lv1ronaent.' f.atures .110 differed,
!MBe ¥ar1ab111ty could be eX~"cted in the .~i •• cc.poa1tion of t....
r.p11cat. s~t••• Th1, in turn could r••utt in variability in the aDA
f4Ktof' pattarn obtained with d1f QNtnt ...,,11nl of the reJll1clte
.tt••.Aspect. of this vari.t ion in factor pattarn w.rtI inv.at1gated:

Ootf,:ryd and Har.•• u (1t8&) found that observer .rror (r.flected
.»

•• diff.rencs. in r.pl1cat. field ..alur ...nts in on. 81t.) resulted
1n .~un1ftr;antly different variable Wf'ight. be;nl obta1n11don PCA

ax•• , ~n repl,cat •• wn. analy..a Hoan!tely. In the a•• way,
be.:auH .ach lect10n of Granger'" ~r.nMCt. en OM troup of
environMental p~r~t.r wa. cons 1der&d I. a rep1icat, for tha~ groyp,
it VI. nec•••ary to ..... the ~.r1.bllity of thl f.ctur Pltterns
:Jbtatned with BOA.

An 1nd1eation of ov.rall var1ab111ty wa. obtained by .ub-..apl1ng
.11 l.~el. of an environment.l p4r~t.r (radiation); and in addition,

th. variation in the factor patterns of 1r1d1v1du.lspeci •• w.s
ftlt1uted by, ha1ding other Ipe~1.s constant and .ub-$IMf;1ing three

t.at·· spac1•• onl)' (rhMed. trf.ndr., Allot..rop$fs • .",f41ata _nd

Pt.r1dfu. squt Unum)u~ing the alt.itude data.

11_ HrJitat10ns d1d not p'rM1t the variability in soil pattern.
to be t.sted. but the pr Incipl •• der1v.ct frut tN ott.r teat.s could be

aWl ied to interpret the r.,uJt-ing patte«·n ••
i(
I',~Sub-.i!UflPling

'",\,

11010 r.ndc.ly eho'.i1 swct1on. 'fl••• ch red'llt1on 1.v.1 "',..
OMitted (by ordcl"~~ngtn. '6C~101'ls in • lent and 0fI1tttr.i (M"
corruspond1ng to two random nt.'lIbers).. levels 1 and o.,';'r. rep,.. .. nt4t\t
by one nction only, and no dati w.rw 0It1tt.o fNJll! U1M. Oatil for tne



thr-.. t."t spec1•• frca r .. ~ly chottn repl1cate sect ions wert
QR1ttec! fro. th4J altitude data .. t. Altitude. " 2, 13, 104and 15 war.
rtti)rea.nted on on. .1t. only, therefor. no rep11cat •• could bI cattt6Ci

'roM t.... Thedata ut. that r••ultld aft.r !~1ttina replicate
aection. of tran~t. were a. foll~.:

ftADIATIOH M.J48ER "MEl'
LEVEL OF QUADRATS OF QUADRATS

CJ4IlreD INCLUDED
0

1: (I eo
2: Q1 228
3: l4 ·31g
4: •• ~60
5: 102 185e: C 11b

ALTHUOE
',~

Ii
3: i/ 12 1046
4: 94 1&4
5: 194 ~3,: 14 105
1: !180 117
8: 1[,00 sse
I: 100 13~
10:

11
68 ,\

g&
11: 37 80
12: 22 41 )')

2.2.2 ft 8lMIUlnnn 1MSPECIES COtlPO~HIONJETVEEIf.1973 NAA cOIMl.mu

()

oet rended cerr •• pondenc<"An. Iy.is (ri111 and aauch. t Sl80) we. uMd
in chapter 3 to ex_1ne the trends of vegetation ,change in. C IX

(Au.t1n 1971), so it Wdl US~ here to identify sillilar1t1.i. between
(~

NM <':OIMUn1t111frQII different transacts for us,~ in chapt •• , :~. ~A

t~n1t1 •• had to be modified sl1yht.ly to eliminate cCMlUnit1.s with
too f_ Quadrat .. for statistical artal, ~1s. TtNt.. ".. re ISJ1gned to
adjacent C:0IIIU.nt1•• with ttt. lIQ,t ~1"ll1ar Iptlc1G. c~s1t1on,
dtat.rm1r.ed frOllt Granger (1986). T~ lft('d1f1f'K'1cCMUnit1e. or. given in

appendix 2.2.3. For t'.l.cted ,pec1 •• (see below) the frequency d.ta

for .ach cClMUn1ty was arcsin. tran,forMa for Of.~A,nalysia. Although
~ :J

the • ..,1 •• 1z•• , and theraft)r-.) the var1ar.c •• , wpt not equal in .11
COIIIUn1t1e., the data wIre considered Idequ.t .. for'· u•• in DCA,which

1\
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u... chi-aque"" d;.t4n~ (Hill 1~ni and Mt IUM-of'-squlre. or Any

fOrM of analy.fG of vGr1anc(

The ••lected apec1•• fOf th1_ s.r.t~on were ~k.y' species ?lus,.v.".l 1••• fr~uent one., TheM wre Of1e. of suffictent frequency in
so.. cOMMUniti.s tor u.. 1~ en1-aquared or F1~hor's .xact probability
t.at"n. for diff.nmce. in &p4tCie. fr'~uency a.td1ff.r.nt tiMS aft.r
withdrawal of fir •• s.n.;#o d,.....",. and TrildtYf1Of1Oll tplC1Jtutl w.r.
left out, b41<:.u.. the DCAduwnw.1ahted tMll .trongly (Hill and Oauch
1'8~).

Oroups of cOMMUnities with sf.flar spec1.~ cOMPOsition. wer.
1d.nt1f1ed ftOil the (;<leUr-ity ccor •• on the first two DCA ax ••• Tho

criterion uHd to identify group !'IIMbef'" wa. that sny two IW!tber
ea..un1t1 •• should not b. more than hAlf a standard deviation {1. 50
unit. on each DCAa~11, or approximately ona quarter of a speci••
turr.over. (G4uch 1"2) frOM ,,,ch othler. This cri.t,rion .ns,Jr8d that

/~( f

the vefletdtion group. woc..ld not have too f4W MMbar;<s fOI' st«t1.r:.1c.l
"analys.l, in Chapter 3, but would sti1] n,pr ... nt typa. with distinct

c'

IpttC)il!\ tompoa1t1ont.. Th. r.slt'it1ng vegetation Qroups W9ula also

reflect tm. effect. of tha ....in en\i1ronmental fla.tu,·e$. ~"ern1nSJ
gradients 1~ 8pec1QI distribution.

The variAtion in DCAsite tcOft'lftlun1ty)Ixh S¢tJr.~ derived frOlft

lC»l8r sampling, 1nt.nstt1ls were determined so that Significant
diff.rences bet., .. n th4l eomntun1tyseN'.S ·0)' 1913 and tho •• of 1986

c-

c.o:Jld be identH' fed. rc do this, r6p'itcH-i.f1 f)CA$.:,:or., from 5

cClllllun1t1•• in 1i73 wore used in a on.-w~,\-·!\';t 11.\ to cflleulatft thtt

Standard Error of sueh ~core. (for ax Is I ~ I$llifJ«Uatl1y), And then
to deriv. tho I.•• llt Significant DUfer.nee iRlyn.-r 19n) blt",..n
COMMUnity scar •• on an a.*'I.,

In transAct 3, quadrats fran five randOMly chos~n e....un1t1 ••
(l3.5, T~.9. T3.1.4, T3.15 and T3.18) w.r. $yateMtically sub-~.amplec.;
thr .. t.1mea. Th1~ pr':.'duc:ed four "at, of frequency date (3 SUb8.t1i~ ant1

the full sets arc.ln.
:::)
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tran.fo~) to provtde rep11c.t. OC'..A scor•• for the ~A.

2.3. REGULTS
2.3.1. DIITllIUTIOtt' OF .E¥ s"em !. IttLATIOfiTOCAICHMU!SOIL TYPfS., At.T!TUOf. ~ItA_Al
IAOtATltll lEVELS.

lL3.1.' Speci•• di.tr1but.ion. ')n aoil ty~.

l'ur1nff o-aode PCA ( ... tAble 2.3. 1.1), specie. rei pons •• to tt-.
.til't .011 types pre .. nt: 1n C ~X d1lst1nCJU1$~six ",rouP." ot soi l.
froe four fsetors (r'ata1ned t,; the .1na1S1'tn Gr1ter~on ) 0.5,

Statilt1cal Analysis S/It._, Helwig An(j Cocnc11 'ff79).
T~l~L~!3...!1_,J~.BOA fector loadfr'9!l of soH tvP41. on four factor&,
aecount1nl in total for a~.9$of the v.riat1on ., tn. SR Matrix,- _ _--------_ _ ----------_ _-...._-_.--_ -_ -'"'- -------' _. _._ ---------
SOli.. TYPE FI.CTOR1 FACTOR2 FACTOR3 F~CT~" GROUP---_ .._, ._---- - ._,--- ----~....-.-------.-----.----- ..--.....--...~..--- ...-------- ..----
Hutt0'1 WtU .941~ .01)76 -.01BJ ··.O69~ t
Katspru1t .Q310 ·~.O419 .0411 -,l.4 1

~·tton -.77re .0182 .2141 .sea 2
Oriffin Shallow -·.1~3.4 .1.(593 "w4 ..n -.11~& 2

Or1ff1n Oft., ~~130 ~ .86011 -.2488 231,

M1.pah -.4329 ...~1241 -.37CS8 ~·.2~O1 ..
Clov.l';y Shallow -.0398 .l331 .8082 -.3143 5

Clov.Uy Deep .3265 -.S9t8 .1011 ,8412 (\.(4)_____________ "___ .- ___ M________ ~_______________ "____ ~___ ~____ .____ •___

ElGEN VALUE 3.3911 ~.11($~ 1.1125. :'\.8928• "ar1at1on 42.J9 21,4(\ 13.91 : .16
exple10<td
___________ ....,....___ "*...,_..._~_.....,._:..;,.,_......_ ....__ """_._IfIIiool,~ ....___ ....._, ____ 1'._·.........._____ -...._ ..._ ....·_·____ ....,........'.........._

The It.t SQl1s Hutton wet,- phase and Katsprult~ were ver)' similar
in spec1,. cOII'pos1tian, and were lI'IOit. dissiMilar to the 1nternMlldlftt.
soils Hutton ."d Grlffin shallow ph6SG (factor 11.
__ .~ .• _.t!-, ... _ ... ......... __ ....... ,M·..,_ .....__ ·~ ... _ •. ~...__ ..-\__ ._ .....,...._ .... ...._.__ , ... _ ....__ .....,1/0. ;.'. .... __ ..... ~, ._._

:t Granger (191'8) often Ulad the terM Hutton form, Farn1nghaMsari •••
hydromorph1c phuo .f(,,'f lh1, soil, wh'j'{:h is .. MisnOMer. This Hutton is

fn 5 foot, 1ope posItion, and is wat, ratMr than hydrOllOrph1.:.



....~

...
Q...
U..

."\ 1 ,- -o. r., {j -, ~' " 1 f 2 5~*t: "I.} ~. '... f .'. ,-'I ".) c

&DA hrtor iI)I t • "f...
fi.9~.:';)~~;~1,' llip~r:i.. lind 'I)il~typ. 1(.1)'.' on lail hdo,... Soil
10 I}<at, ui t , kijwHutton '114ft ; GS"Sriffi;f\ Sh.How,

/ -'..:\ \ ti '·"lld) Ite c:ornhhd with lath, 1; aD-GrUhn D.. ",
M-l1h,l"lI!!h tn~L! "'Ul- l)~.p (in nor •• 1 tvp •• 'lrtr corr .... ted with
flttD~ 2* ·;;,(d tn. loil CS·Clo".lll' Sh.lloaf fin HaHn) ;is c:
carr.h,U~d \<\Ith other fitter •• BrOllp. of 'pnus ..Hh .hUn
rnponu' t.lJ the flOn fattar .. ,n. onc:land in "uhed lin ...

AJltt'I'f~"~ llli,lli. 4"i, "~t"'''.",rt.:c.J.t.J (~.), 11,.-." •••••ii tit}, IIJ,111. ,,~,,~,'fi"1t,.J, 'f,ri4i •• I,.ili ••• (,fl~''',lItiC' nr), CI.h, .. t.JUJU lui, r"lItJ~'tI atriCiti tcd, 'udi, lite, .. iuJ, lah~ Jf!4.'9il Irll, SUtd. tl,I,.r.i4fJ..i''''''''r'' iiJd,li"¥ UHf ;hl'I',(lIu '.II '.:,'1 .. lidr?... Isl), SlIfei. l'f,"UJ (J4},Stud, in".",. ullf $tih"~
IIr.. -.H.u IAIIl, .tliutl'iOu hr,iitll•• ,ifH, lUffsiRa ",,,,.("'S;U tu}, ritJfIf. friM"" III}, ludy",,, S"utu tu),
nw:u Cbl, 'is(llltk~ U, .. ., tt, I',.ie... -hbu, l,lIl, 'id.i"i~ 1'.iJtI(~J' Ino.a,tl ttU.
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The 1011 Flctor 2 d1tt.1:'1gu13hed tht ..~,c1 •• caaposit ton of

Or1f{1n dfHto pha •• ' ~ol1s froal that of IItony. shallow M1spah soils.
wh1'" Faetor 3 and .. further' dtstingu1sh Ciov911y ahal10w frOlft

Clov.lly *p soHs.

Spec1•• scores on tM first tlllO fl(;.tors ar. SMwn in fig.

2.3.1.1, i.nd1eatfng species prefer.nCla for the r;.,pect1ve lotl

IfOUJ)S. Groups of apse1., wlth .imilar rlsponses to so; t were

det.nft1n~ from then scores ana their lo.dings after varimax rctat1Ojl\
in R-mode PeA (not shown). Thlse w.r~

~!t~r_~i!:(Is) ~flr1,Hu!t~. W~t .(ttw.) '5011s - OVlyglJ1. chl.ndorfittnlJ
(po), C1ut11J natal.ns1s (en), Jil1~Clf:/~h;"$ capen,. (JIC), teucO$ld ••

r ..r ic •• (Ts), Hutton (H) ,n:tnriH1n shalJ9-W (OS) s!l11s - Thf.tmlKJa

tr1IJndr. (tt) and rr1star::ftY4 Ieucatnrtx (tn" ~rif.f1n daep (OD) sQjJ~

.~ s.n.cu., is.tid."s tst), RubUs 1liatllgii {rn. H1I.rpechloa fa]>, (hO,

pt.dd1U111 IJqfJ11inum (pt). <:.19¥:!Ut .~h.pow \C~L!?n~.. fllHippi.

eVlln.if ipe)r Andropogon a~ndicu'lJtu$ (a.), senecto dregfllJ.1us (sa).

q[_!f.f1JL~hll.JJQ'b.r)~t_~loV~nY.s~~n~ - Dlii.ttlriJpogcI1 '171'01;u$ (clf) ,

Al1otllrops1# ,jHffJl.t.t (.s), Pteridi,.. IJql./tltmlllf (p~). (nol~eJ'ly ~p

{~J~J_~~.J"J~p~J:i_1~L_~qJJ~- Hlmdli. 117t.f. tre). TrachYPCfJ;'m spleatu!

{til, 01tt.t.rQPOgOn fi7ffn1fu!I (dO, St1bufUS lf7;)pfJcuroidcs ($f.)_

2.3. t .2 .. Species di8tribut.1.;on. in relat.iun to alt.itude

Four different altitudfIJ groups were d11tingubhad by th.1r
s~ci.s cOMpositions. AlthQU9h the f1ft~en level~ of altitude were
grouped Into s."''" ~factcrs' (mill8igen cr1tericlH ~ 0.5.). they sh?\rf(l1d

high cQrt"6lat1om~ (> 0.5) with enl1 the first t.hree fll!(;tClrs~

accounting fot' 1('''91' of ttl$ varianc. '"inthe SR I".tr1x of alt1tudI.J.

f·actor 1 showed that th.a l~ alt::t,udes 1 to 4 war's most c::iaar1y

distinguished from the higher a'lt1tudes "10to i~\ and factor 2 alto
:alperated altitud •• 12 and 13 c1sarl) from 3 and"g. Fector 3
r'3)rei6nttJd altitudRI 6 tl.l 1 (s •• tabl. 2.;'.1.2),

II

\i

o
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" "';:', ..... -- __ .... .10< ..... ..... ,.... ""'. ,_~ ....... ", .•• ~ __ .. ~~ '.II'T ....... ..,..._"""' "" .. _rf;."' ....... ~ ... _4 __ '.....~ ..... "" ... __ ;0.. ~ ••, ..

At TITunE FACTOR .. FACIOR ~ FACTOR 3 OROUP•
1 ··.7tH .301 -.356 1
.2 ".132 .241 -,'H8 1
1 -.6$9 .114 ~.452 1
4 -.ego .31~ ~.O20 1

10 .1..& .O2l .;(~6 2
11 " .8(11 ."2tJ .001 ~

1~ ,,'f.;; .60$ .• (108 3
13 .su « :;,31 ~'.232 3

." .13~ .4~1 ".232 2
15 ,,661 .33'1 -.O4~ ~

~ ..197 .. 818 -.021 3
S .49" ....108 ".111' 3

S ·-.424 .418 • 50',> ....
e. -.44('; .2~l .O~~ 11
1 -.062 .O~'l • B15 ..
EIGENV;\!J.lE
~ v~r1at1on
explained

2.0595
13.73

SPttcits ~.., 1re, or. the first two altitude r,,~tors, nnd groups of
spec1"s witt'! lIifft11arnsponses to altitude ar..given in fig. ~.3.1.2.
Thes. \IIIere:

l~ alt.i.t:.ude.s,.~ P.t!qu111num I C.afri~tm., N.CIJpefflJe, P•• v~nsH

,P.ohl(fndorfi6nll, C.mttalansis . Lcosrft:4JS., "H9~a~ti!;ud.s - H. ftJ.lx

(hf), r.rrtsnar« (ts), 1. JBtJcoth;"ix (tit), 1'.sp'tcr.ttJs (ts), R.41t.rll

(re), ,~~ ..r.::".m~4.,.lt~.:t:ud~~··A.llpJ)tIna1cul«tU$ tal" H.faJ,)( (h'f};J

S. bup teuro ides (sb). M.1d al,t:' tU(i.s. ... S. drtJglldnu:: (sa), S. i'~i~OJ»CUI'()ides

('lot). H. ret» (hf.), H. tUf"gidullJ1,' (1'/,), S" is~tfde:l$ tst), Rubus ludw1gti

trt), Hi,9:'1e,··il'ltd altitl!q~~ ". R.altllra (re), O.f1l1fo111/s (df),

1.4.:tBHJ!al.ta OJs), t.~slJr1c'lJ (13).

2.3~La SJ;)E!cieadiatr'1buth:mQ in rellltion to radiation

Thr4l. differGnt group, of radiation were rJ1st'in&uhhed lJy tw('.
fn.ctors f.min~isen eriterion, > 1.(1) dur"ng peA. factor 1 repr&scmt\uf

low ra\ll1ation lave1s~ R1·~R3.Fa~tl)r t;'"'Crepresented a gradient "r1;otll

\.\
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Figur. 2.3.1.3. Sp.:iv. And r.dlAtion ~cor.~ on radiltia~ factor.
CRlrilltion Jlv.l_ - 1, 2. 3 .tt - 10 b~ld ar. turr.l.ttd "ith tactn, I;
in nnr••l tiP~ Ir~ rqrr,l.t.d Mlth flt\or 2•• n~ In Italic. Jr'
f;orr.l.hd with ot.hltr fi!t:toP'l.). Group. "" ..plc.i." with lIi&lihr r.'p0nfH''''
t~ r»dJ.ti~n l~v.l •• re .ntlDsed in d~ 4 li~... .
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r.idiat'oo 1.",,) ~ to rad1"t1on 1.v.(:. 6 and ~ (a.. Ub14lf 2.2.1.3),

althtx.:9h R& flU net highly c.orre!atlJd w1tr. tM' s.cond hctnr. ..
'\
~,

~)lbl~_?~~1.J~ loed1ngl of radiat10n on two factoru, accounting for
66.8' of the var1~t1on in ~he ~ Matrix.
i<ADI41ION FACTOR 1 fACTOR 2 QROOP

t .672 .051 1
R2 .900 .006 1
Rl .858 -.02.
R4 -.481 -.836 2

R5 -.333 .788 :)
RS -.351 ."&4 3
.... •• _' ... __ ..... .._ ..... _ ... __ ... _._ • __ ...... _ .... __ "'''_~ .. w __ ... _ ... "', ... _. • .,. " ,,~_,,-,

EIGEN'IAlUE
, variation
.)(pla1Md

2.4715 1.5J8!)

41. i9 25.85

$peciu scores on the factor ax.••• and' ."loop!!' of spec i•• ,,1th
simlllllr rQ$ponS(II$ttl radiation. anil <Jiven 10 f19. 2.3.1.3. TlMse wr.

1.~_r.~~!~11.o~_1~~"~ - P•• Vi.nsft (pe), 1'.ludtifg1f !rl), H. f.hr
(hf), A.IJp/»ndicu 111tus (a,), T. trterar« tts). H9t l_R~'__r~~~~1!tooJ..'i~~s
- S.alopfK;urold41. (st), s. fSlAtldflu. tst), C.strtca"a (cs), A. s_fallJtit

(11$). Hiih_"!l41~~1~n.~v~l. - R.IJlt.r. (NI), A lJPf)illtldicu]atus (all),

r. trtsoar« (ts), A.s.t.'atlt (liS), .'s" P<lfquOlmJtt (pt). D. ff1'1fo11uI

(df) , H• .:~ptlns,. (IPd, Md r.Sf)icatu!'C (ts) • ""t1~ii~r~gl~t.i_Qn1f11,-~ls
.' S.dr.~.nu. ($d), R.1Udt1fgff (rl ), H.turgldfJlu.~ (hh),

S.~t1opttr.un:ddtls (st).

2.:~.2. VA~lUIll!Y ill FACTORPAH£PNS

Radiatlon
WhenSUMt sMple. were rtM(\vad frOM the radfati.on data, three

factors were obtained. Tab"'. 2.3.2.1. shows the ~ar1~b1~ lOld1ng$ and
the differenc. between these and th~ loadings found ft·~ the 1'v1J dotft
Sit.

/1
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f'i ~2 •.~.2~1. Sp.tlino "ll'Jin on "oldi .bnn tAct.ora nfur ttl!! 9'd. i~l
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Nith ,1m!l., rl~pon ••• to radiation l,vI'. at. 'nclnl~d In d••h.dJin •••
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Ta~le ?: 'l. 2. !. Vildshl. 1oad1ngl on factors obta1ned frOM the reduced
data a.t. and the ~~ff.r.n~ls~tween t~ and tho$~ obt.1~ u,i"~
the t~11 data 1St.
-----.----------------------~---------------------------_._------_._-
iIOENVALUE

FACTOR ,
2. 588e

fACTOR ?
1."lOO......,.. ...~_r,._ ...,. , ••.,... .........' ...."". ...........__ ,- ~ .-._ ...".._, '"'_~_..._.....

VARI/.BlE F4CTOR 1 r.~CTOR ? ANGLE
d1ffr.rence diff.rence

_ ..... __ .... __ .... _ .. - T_'O . • _ ........... t!O>_ ..... .. I,........" .. ·.·_•• ....... ..., .. ._

R1 o.seg -O.10~ 0.254 0.203 U.8°
RZ 0.84& -O.O;S4 0.358 0.354 22.1°
R3 0.854 ··0.004 0,034 0.058 3.20
R4 o",~"9 0.525 -0.962 -0.133 G1.5°
R~ -O.8;(i -0.483 0.335 -0.-454 41.8°
~6 -O.J89 ~O.O38 0.42$ ..0 035 5.10___ -. , ..._~ -..... .... ,,__~-- .. _.f!., ....... _ __. - -_",.. .... •• ...... _ ..... -......

• variation
,)(p6.~ined

43.14 1.95 23.8~ -1.C

_._ .."... '...... ..-_.- ..-..__ .. ..__ .._-.~-...-....---,.------- ...-------- --..._-------_ ..._--------------
RS was no longer correlated with f.ctr:w 2, but bee ... highl~

correlat.ed with flctor 1. R4 loat its ne9.t1~.corfellttio!"! with f.1. A
tt:1rd factor rllpresented a gradient 10 $pec.1'" c\JlftOOs1t.10(lfrOM F1 to

PIS (loadings on Fl for R1 WAre ~O~f,39; for RG. O.6~", end f3's .

ei9'tlnvalue wes 1.00H. expla:tning 16 8\ of the :utrb. var1at1 ...n).

"ftm factor pattern obta1nfKI fr(llft th. d~h:l WI:II variable. That is,

sites on $1m1tar radiation levels d1d not always h£<yevery s1mU.r

specie. c~as1t1oi'lc; other IInv1rcllflNtnttfi rtt\tures wore distorting thol
inf1uences of radlat ten. SpeCi61 \1"i~h eppear :s.naft iva to radiation
leve1'l we"e H.,.ah,. R.liJdttfgif, P.flvllnsli, L.ssrictlb. (lower levels);

S. tsst: 1dt1,,:;~ .,.nec'irt bup '.ura1dfnl, S. a loptJclIn'ides, H.llurtKr·njttJn,~

(iutel1nediate); A.SMHlt14t4, c.srrtcsn«, ,t:l.ait.r.tt, H.cltPtlns.,

D.f11'1foliIJS, P.iJ::lu'l7inlll'lt, T.sp1carus (highe,. ievlh).

~pecie$ '~roups obtain~d from the reduced d\ta Sit were:

low radia~1orlIt?y!ls. - T. trt ..,n:ira (tt.J, rid falx (hf) S tuPitlUr'!fdfls

(:Jb}: al~') S.dregeanus (sa), A.il.PPllndfculatu$ (11.), P,(lVIl'Js1f

(ptI),H. f.,x (nf) and R.ludllffg#1 (,.1), H~.91!nsg1_.~JOrt. blV.ls -
C.african, (cs), A.tl.,iaiata (as)., also P.aqut1fn,. (~t), H.cllptlns"

O"e), r.sp:clltus (t$) , and n.f11tfa1ius (dO, P.nlft,t,nsis (M) (and\ . . ~
A•.aPPf'ndlcuhtu$ (~.)). ~n~~~1~t, >!'~~tf.ti;1on J.!y....l.~ - S.dr.gflanus

(sd) , H.aI.iNlO·ntt,ns (tum), T.triandra (tt), S.alO()t1clJrofdes (st ),
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S.1$~t1dtHJ!I ts t), c.~-"'CII!1. (r.ll); and P."v,,,.1i, I, bVpl'Llro1dfJ~t

R.lllt.r.l (nlj. (SH fig. 2,3.2.1, and the soec,1.e,st&ndard1.t.u
residuals for r.Oi,t1on 'n 4PPtndlX 2.2.2).

Altitude

Th. seer •• of tM tI',rQIIbat; jpeC185 on tn. teetor plttflrn fraa

the 'Sub-uMn.l" and hH data Sltt &,.0 given 1tl table ?3.~.2. !'Ie
poSitton of theta speci •• in factor axes space 1$ ShoWl~ 111J1g.

2.3.2.2 Despita the d1Uer.nC8$ in scor.s, the species have reta1ned
their overall po~itl0nl r.lative tu trn. otllttr~~c1es. so that the

1nt.rpr.tat foo of the analysiS l'eftII.i ius ttNt .same.

T(lbl. ~.•~.2.2 •. Scar •• of r.U1.ndr., A.Sflllt1lfl~'t1f ~~ P•• qu11intJIII 0'
Fectors 1, 2 and 3 (Q-Mod. 8D~) obte1ned frOlll the hIll data !~.taO\.l
G,", data If'it redl.tced for the!. ,.,.c1'10

r)AT~' SET
~~ECIES

i
\,

f~C\OP. 3

T. tri'lndrs
fUll
$U8$AMPI.~

A.'fltlffflll.t.
FULL
SU8$AMPLE

P•• qui IlnlJl
FUll
SU8~Ptt:

1.2151
1.5948
0.816&
0.6&80
-1. 2Hl~
-1.2211

-0 4415 0.5112.
-0.5839 1.5111

t .esse -O.9US
2.lU1 -0.5148

-0.3144 "1.173~
-0.2239 0.5832

Iu R-Q)Ode fA, r.~v!ll of s..,l.s fran the test sPttC\)!'$resultud
1n reversal of fActor 1 (tabl. 2.3.l.1). Except for r.triandt'll t~
te~t species hod .l':l(. ~ubstant1.l1y altored their reiat iva positions,
Howev.,', after va:-tmax rotation to max11f.i1. the dist1nt;t1on btttde:1
group. of species, the test FA had fIIOredifferences. Th. l1Ia1o9pecie~
gradIent (f"ctor n along alt.itude rtlll\Aino~ siMl1".r, with low alt1tud6
speci., L.s.r1c.~ P.1vlln$f1~ C••f;f~6n., C.n.ta1.nsf.,
p.(JhJ.ndorfj'n~, H.csptln!I.; and high alUtude specie. A..._1.,.ta,
H.falx. r.lducothrtx, T.spic.tu•• r.tri.ndr~, D.fjlffol1u~> an~
R.llt,r. bee .. 1ncltJd.d in! this high altitude group. r«ttor C! wa.
~ubst.nt1.11ydifferept, but 9r~up. def1nad by f4~tors 3t 4 and 5 war.
the sa._· A. seventh factor wet not rl!lta1rllWl, and Flln1cUIIf nat.l.ntis

trensf.rred fnlM 1t. to bee... 8u()Ctat.d w1th f,ctor ".



\\

'0 (3
I.l~ltJ...1.~;!L.LLoad1t~C. obtai~ f"r tM tnt spMCt .. on factoro r "lid
2 (R-IfIOdIl BOA) using ti~ full detA Nt and datI c.t rttducf'Id for thl ..
•.,ee1•••

~~_.§Ei_~._._._"f_~I~ _L~ ...:f~~Tt:'lA.~
full !.2146 ~.OO1'

suoaa.pl. 8.~1$1 6.0121
: ..' i\ '... --.- ...."4;'l11"fdI'./""--·-- ,,j.·P--.--~-...----- ...- .-?-:_.--·-----.--7!r~..,;..-'..----h·--I! -- -" .

ePEe 1£8' . "~
,""\_J

r.t:,.t.ndra full -o.'3I«?) .: 0.307
sul.lSMP1.

'.. ee, .s O.~'4
A... 1"'.t~ tull 2~5 -0.668

f,:)

,ut.a_~le l -~.101

P.~f11"'H. full 0, "n1 0.372 ,\

lub~1IIP1. ~O.~&1 0.-401

l ,. iii)
'1

~heH changea raflec;t . he \410. range of Many Spec1.~' relpon •• to
.,\ ..'

.1~ltude,80 that L~all c~.nne.in speci •• &bu~.neel caused larger~. '\

~".:-.~. .f/. .,' , ~

changes in specie" 9rmi~' TM. 1JlPlh.d that the V'l,MIX rotation
grQup-Helc1ng proc •• o could not be ,'•• l1¥t 1cal1y a~11ed to the••

spe~1•• diatrlbut10n patt.rn'. In fact •• a i~ t"- ca .. of radi&t1on,
the beat u~r.t.ndh"lfl yf" st*;i.s diatr'blltion! could be gaIned ft"Ol't

Itudy1n, tM st.r"dard1zed ,...idu.ls of Men ~t ••• giv.n in apt)end1x

2.2.1-'

2.3 ..a SINIWHlU 111s,wes COMPOSlTIOIBUWH. UH3 ~.I'IES
')

The scatter plot of ":OMUn1ty Icorea 00 the f",t ~ OCAo..,. ...:!

is shown in fig 2.3.l.1. rtn troup .. of cartll!Un1t1 •• , calltKi vQqetat10n

\lroup&~ wer<'l idtlOt1f1..a. The 'gre.t.st dfff,r.oce! beh:aen the IXi$,

scores of any two \~roup MeMbera1S showr' in hbl. 2 .3.3.1. ~r. of
se'ten of the group, d1Herad by not IIOr. then haif a atAndard

d.v1Ilt1on. Of the rest. group. 7 and G lIMreallocated outl1ers.
COllPltI"'t1.3 2.3 aM 3. to r.spectively. Group 10 cnnahted of A Mixtu:-e

! '

of plot. with high axis 2 stor.s, but were MQrl')vary1n'; in ax;s 1 ,
see .....

"

\>

o



Nt$C4nthl;. C."."H we. con'l~ to MOftt soH t,pe. at tM lowr
aititudftl (l(atapru1t, Huttor w.t and to SClllt extsnt. t)f'1ff1" deep pha..
$Q111). It app'.--.d to dO ..,..11 under high radiation 1eve:." a1thou{'h

it wast also found tn sh~ L.$.r'lc •• woodhlnd .r •• s. Cll,1t1.·

nat. 1M. t., Ccatfllimt a,,.ican., Pf>1Y!1.'«o,~ltlndo,.flltna afld L$"': : '
) I'

aNr. itt dt.trlbut ion, b\:t have slight 1'1'wider tol.,.an<:ftl of
radiation and soil .a1atur. conditions.

(\

".Mqul1 "" ... clearly fa\~QUredGriffin ,01l.~ .lId WI. MC'!'"' abundant

1n are.t of lollHtr red1a!.fon and 1 'If' a1t1tucM. Gr.n~~· (1'1, ',i nott
t~.t P.• quO tnlA s~d confined to son. not ,tHlllOtler th,:,"'1!SOot.

condft1onl MOstly found 1ow( tho top'Ograph~ of C IX. II. '.'x sMrfJd

1t1 pr.f.,..,.cft f(lr Qriffln Sal .....(And low rMq1at1on). but .1$.o
occurr~ at higher .lt1tucM$. WMt. A •• _i"1~1'also flviJrtKi the ...
$o11¥, it alao OCCult on other 1011 typal .oJ at high altitudes And

radiation lev.l,. )

T. trf'i'dra, Rendl1r1 .'t.,.."'· "an'lC,. nat.'.n ••• OflMteropogoft

fOtfoltus find T.lpic,tu. W!','1 • Ibund,nt on shal'fJW stony K1apah

90111, It higher alt.itudes .sn;i r.dtat1on levels, St1~'ru$

lt7l)p(J(;uroidils. ifihctctrfd:hn turg1dulU1ff and He1ichlYSUM 'CJr"'~nlt;.n'
all fdVOUreQ Iverasa- r.diat1on and altitude levals w1th so11s of

"~nt.rIl'led1at" molllturG and. depth.

Thftt '-;tAndardi%&d. residuals "f BOAprovided better daseri~t1ons of

sr;>l'(;i.s f'ft:::ponsa$ than the Factor AnalY$ls llIod vAr1mt1x rot!th'n. The

s~c1.s 9.rQupinysd~rived at't~~ rotation were s.nsitw, to r~llthelf
1Ml1 alter~t1orl$ in s~I;1.s data, Q$ 3hown wtMln P•• qu111num ,

T. tr1andrll atid A.5_1, tata were SIJb--$MPled. tn';" rtl¥y b. bacaus. whHe

the roto.t1t,n attemptB1:f to maximize the distinct ten between thft 'D8e1~s

qr,')up, ($ ~r. I,\"'bitrary prol1" when sI)Cc'hes sh~ gradual chAnges i),.
(.)1 'i'1del),(,,\lo), tl,. st"tndlrdiz&d r.s1dult, 8C'M)hlf\\il:ed tl"Ml cent i!lIJUIn fll!<ture~~.,'. ,

('f spacia~ d~$tr1but1~m$. Pre'UtnebII( rotat fOt! is bfHit StU it.d to USf1

with ve~tat1on WMrs 'Species lStrongly pre.f.r or 4'101d th~ d'ifferent
f,NMtetl.J

';1
If

itMl I)!ht of factor ant\h~~3 10 \ii\!:f.ttatit:m ecoloa~ has. bet"",)
c~'i tic L::Gd for- it' auvntpt 10Y;, (,}f 1 il)~l!'Ir1ty In sP9Cie,,' r.~Il)(m,e~t.o

, ,I
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CHAF-TER 3

VEGETATXON CHANGES AFTER
WXTHDRAWAL OF FXRE XN C XX

(I
3. 1. Un~.}ooCTIOM

Th" chapte,. lnok"'; at the vegetation changes along transectl

sinc,. .11)13,att-.pting to tdentify 3uccAssional trendS, mealliur. t .....
extent of changtt'r sod evaluate hYPQthe, .. about t.he typel of spec;,,!
chan~1 occur-dog "Ift.r wh:!ldrawa~ of fire.

V.getat 10n c.hatl~~ «:.n W tMf1rl8d and meuured in a nl.lMblr of

Wllys. r:trs.t, when "'."'11'19 S08('18& COIYlC)OSitl00 tnd ~bund.nc. togtlther,
chsl1g.1'l Hleludft inc -.asel and d,er.as., in MOunt and the lou or 91' n

of sl*:'ie. (ter"INd .~\I.r.ll chan!;.). These types of overall change Glt

be ident ~fied ht'lft l;hQ sh1fts of !.ltes ,,89 v~getat1on t.~YP6SaM
c(.~tnll)Un1ti.!W)(rOWl tHQ d1ff.rttlt tiNS in ord1nat.c:f;s'te space. ,A'J:lt1n

(1917) outlined t'" npeets of "It....time crdtnat ton which woued revtaul
sUGc.sa1onal ft)atunl~L If the Majority of sit •• show' pare.1 ,,,~ 01'

'limilsr trAj~ t(Jr1.~. then a 98nftr~l (suce;;e,sional) trand IS ft'l1d.r.t
n ttlft ,I t. traj~ct{'r;e$ are oriented at rt)ndOM, th..,r. mt.tybe

divergence, or difffr.nt tr.ndtl at diff.rent s1te$. 1he extl'tnt of
overall thl.\tl98 is 'lrdicatad by t.,. dbtance be~;;o!•• n sites from
~w::~G"s1·1.)'.~rs in ordinated site spice.

Socond, nor1stic change (Borpkamm 1981) 1f:~(Jhdng I'ctual

species turnover 11 .oot-her uSMlct of veget.ation ch'U'!9'~ The
pt'opor"t1on of SpeclfS out cOlMlOnto A stte at both times (after

ftccount1ng for sampl1ne .nQr) indicates flori$tic disr.t1ml1~u'it.y and
mftasure~ en.rlges tn floristic composition.

Third. takf:19 s:,..cHts indiv1dual1y~ t.heir incfuses or .jeer.as.::.
in frlquellcy (tar'n1~'~s~c1.s frQquoncy changes', repr.".nt~ :l fioflt'
seal .. ut viewing veg.tatian enlnel. The .ign1f'h.:anca (.If frellu.ncy
.::hanses arfl tustabl. with ch1~St;ullr"d nr .qlJi"~ient t.,to.



(c.iculated irJ chaptr.,r 2) to detect s~9ntficant ,<tlngetS in the "lite
score b4ttwe.n 1973 and 1986.

2) lhe d,tt'ending in LlCA('though over ze.hu$., Pielou 1984) is

tetter than othtr _thode at ptoducin$l a ,Mtlningful s~c:Ci1d 9'·ildlent.
~hen this 11 sma!l~r than the f1rl.t, as is t.he cas'lJtt~ tnesedata,

:3) OO~can bre.k downwhen a gradient is too long or too short;

but ttds does not apply in this cs:;a.

4) An adequate ganeral model of species responsp does not yet
,:(1!.t (kent . .snd 94nanj~ 19c1S), 5iJ that tectmlqu!s a H..er "bUVe to OCA

still h,,,. their ,fI('ullar' lim1tattoi~s. As this tt,usis "ias not
an AxerClsB is tttchniqua compat'1~lh)nJ 1~;is thE! ecolog1cal
interpretation of tha rssutts that mettaf'. Thflre is Oil "best"
techniGu8. ti<'Wover,Te" Sf aak t So (19Sf) CANOe.!) Cl:.f", lite" pr6qrarn_

!ma~anab 16 at the t. lme ,"..,t 1tG-lIP, ~ay prov<! more than u$efu I •

.A:;pel:.ts of th& DCA OrOk1ttiol';, cI,"Jrn.upon'dil'ig to the .,bov!!'··
mentioned "i&vels. of V6get~tion groups and corMIun1til!Js, we(p-AloI"~~"ed
as outlined be'i")'J/.Ac.!tjitional ftspee;t.J, l'elatinf; to ttl" ,qven !11gher

laval of overall (!stf,hIr,gnt, \lU!f8 als(, iooke:! t'\t,.

a.2.1.1. G~ner'al 'trf!lnda in the cfttchmc:mt. v8getat.ion

'fa determir.& whether there existed a general trend of v8getltion
change in C IX, t.he trajector1es {if the vegetation group I1IEIftnS were
examinad. f'aralltt'l tr~jQctoriA3 \)f grCJUp lYItians1mp'lied a consintent
trend throughout the C IX vegetation, whereas ncn-paral Ie] ones
implied muJt~'~dlr~~t1onal changes.

3~2.1.2" n"end~ nnd the ex-tent of oY6rall c.hangeswithin
vegetat ion gr'oupa

To determill' whet.her a ~rend occurred witrrtn An 1nd'hd~ual
veget",tion 9roup~ tht' traje(,;tor;e$ of the membet" I!otM!unities "'f're
exam1nect.Aaafn,. many near paranel trajectories with'ln a veget.ation

.,
'9roup ind Icated that it was snOWing a consistent. trend. As a MaSIJre
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C1g. 2.3,3.~ sholle the r.lat10illt'dps of :1pec111 to the DCA ax •••

The r."ulta of the BOAts 'Iff'J". uaed tu int:erpret the axel; .a follows!

The d1strfbut'oo 01 spec1 •• ah1ng the DCA Ixis 1 was fro-I' higher
.,

a.lt1~ude 110<1 raaiat,jon, ~htl1o-. ~("Jll.d Ir.a& \lith $.ahlpeC'utofdct".

P .• lt~ra, n.fillfo1ius. $.bupl.uroidts. T.I.ucothri~, &nd
P.nIlC./flnsis; thrl)lJgh ~pite1t1s occurring over a wider r·anUt' fncluding

rl1ddle ,'t1tudD ar flaa (T.trtat;(jr/l. H.fIf1~:. R.ludtt(91f,
1'.. "
lAo,. :fppttJnd1e.uld.is, F. capr1m'J A. '£lilt. ',ttl, S.rkltttyd '''-ponU.;.,

Bu·.:~nrCJlJdctrll;L'tOnono1t»S, and Act'1yph,l t'Unctlfta); then SP\\C 18' of

)~"'-nt1d I'llt1tUiJ. wIth d"p~r sol1s, (P.llfqu111m-"",' '.st-Jell. ceprtn«,

Hft11chrysIAI vmbr.cul1gt1rUII, ",,1'4(14 ~u'dr1DtnnlJta). .jawn to ~pec1.t o~
..lower a1t,tude r dler, moist :;fOflt, (H. CIJPllnSllj t'. ohland!), ftana,

t., serice«, P.It")4nsif, C.n.t.l.nsis;. lh15 dS !\OOwn by tM ttlod In
~;."i

vegetal ion groups 1 throuSh & ~'I fol'iIW the trens.ctr ft·!Jm th~
/

dnlinagG 11M- I.'p tM S10J)ll;l toward thfl 'riM' of" the catchment ,basin.

as shown in fig. Z.3.3,,3.

DCAax1 ..! «ppssred to btl ft ifld1 ..nt rrGlft thtt head of the
..~l1t(J."..ot to the l!IOut-h. Thi" is shown bv th4t ~r'lat(J" pr&vQline. of .'
V'q9t\lt ion groups 3 end 1tl t(IWud the head of tM cltct1ftOnt, as

oppo8,jI\Id to group '1 t\'pwud the cAtc"'nt mouth. bl.4t tr1t iii not •• f!! Py

int~rproted (f1~. (:.3.~.?).

,'.
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Speci •• ch.nct.r1.t te of "... v8geut ion groups are 1lvan below.
They a,.. l11tAd in .,,.,. ot their 1I1POrtan<;.in eharact.r11~nl the

".,.tat1on ,roup (i. ~1 .. f~ IIOr. in t....t group than tn any
other.), .1th freQuenc.y belt" a MCOnd criterion:

I: ,"COS," .. rtee«, Nliunthu. 1;...... ,,-11... qulldrfpt"".e.,

PI.trfppi •• ~an.1i, ",'1chry.,,. Ulllbrecu11g11na::>Pte,.td1.. equt1tnLJlll.

~1ftt •• 'rl~n., Poly,.llf oII7.fH!orfi~;".

Z: Pt"rfdl,. lIqufltm., IItM:4fl1tfr'.'. c.,.".., Lef)(;()81dH.. riCH, Clutte

nate1,n.t., Htl11chrys ... cabr.cuU,.r,., Phtl_;JP1•• yan.t~. Poly,.,.
\1

(I

3: Androoogon IIpptMdfcul.fll', Acalypha iHlnct.t.~ P.lqullfnua,

H.c~,,,, T.trf."dra, H."'"cu1fr.;erllll, t: ••rice«, C•• frfc~nif,

fMrp«hlOl falx.

l.: P./W(J01f1Uf11, T. trt,ndr., Ac.1.~ /1f4nct.t,'~ An-.."fropogen

'pptlnd1cu lstu«, f.. sor1ettl, P•• V'fl8l#. 1f'i,U.-:t,)'., 1l!HJcothrfx. ,c•• tIlC.
i)

c)pr1n •• HarPfl.;hlOlt (.lx.
Ii

~: r.th.Mr., P.• qufUnUII, H.f.7,'(, r.l"CJ(;(tthrf)(, Ac,.';phl. ounctst»,
A•• ~{:d1cu Iitus, R:JbLis 11.Kh:t1,ff, H. e;:M)r.cu 1tgerum.

6: T.trfandr •• 1.1.ucothr1x. S.".c10 bupleuru1Qe$, St1bu,vS
II 1r",.cr.:rofd.s, 1I.nt1l/.n • Iter" , D1h1ttt'rotJOgOIl ft1"f~ ttue, ,.

4~aPIMnd1ct~1.. to«, H. falx ..

;_.-

... 1,I.t.!, T. '·r1"ndr._ T. leucothrl)(~ A•• ()PlHKI1ccllnus,
H. fI!II1br.cC,l11gef1Jlfl. ... I' Ii

(I



\)

'I: P.ev.".ft, r.tr1Mh1r., T. ;~thr1x, S.buplfH1l'Otdtle, Dfhtlt.f'OPOf/OIt

f'/1 1fo1Iu., .4.lfIJPIW)dfcl.''.Cllff, ."t. fa}~, (F.1fOlfllf'1l' ewt ir.u.,
P.aquf1';n~).

"

(: 0.'111'011 .. , T.lf1UCOthr'~, r.trfandrll. S.btJpllM1roidtl.,

A11ct.~f. ~ial~t., E11onurv. i~tfcu.,A.~~1tu1.t~'.

,
,10: .fJfJMC to t ... t 1dttu.> A. append:cu 1.t"$, r. trfalJdr., P.lAqu11 in,..,

Rubu. 1",.,,11. .'Ift 7 tctot. ..tc'ton ti.i,.,fdll !va, S.bup7f1C1rv1~$. A.calypha
ounctat., H.f,.lx.

(.

The Maxi.. diff.S"8nt;. betWMn tllO Sl.1I01. b b seer •• wa, 0.3
!Standard d41vi.tior." on thl DCA ax.s '(tab"J 2.3.<l.1, al&o .... fig.

o

2.3.3.1).
\

\ \

Ia~Jl_j_'!..~...:.~.!.L..Full date .. 1. and ,vbaat DCA,"xis .cor~lSfor the 11v.
c0Mlt'.ln1d•• tetted ,for variation tn ax'" score w1th rel1uced ~ellftPl1ng
..... :. .. -. .""' ,.. ...... _._ .... "_ .. "' __ ....v •• - . _

C04MUWITY FUll OAlA SeT ~U8SE'! 2 sueser 3
- ~'T'"-... ---- .. -------- .....--- ....--.,...---- ....-- .....-- ... ----- •. '-.--,:,----,..._- ..... --- --- ... -----

T3.5
uia 1 ~n9 1n 9f 110
.1(11 2 1;$1 1&1 U4 ~4GTl.t )\
axia 1 1U 1&3 16~ J 15.
exil 2 ~44 14" 1~1 1.44

T$,1.
c, ui. t 19 14 7g 18

i\ axl, 2 5~ 52 46 5'
T3.1~

axis ,) ~ 12 ':)0 2S Cj

.x1l 2 55 59 .4 60
T3.18ax~, 1 20 26 19 17

axil 2 94 98 es' 92
__ .. 10 •· .. _., · .• _._ ...... __ ~._ ..... " ... _ ......... ..... ... ..... _

" I
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n\08 96" confidence 1nt.rval. about , s1nl1. $.t1mat. of c0MUn1ty

scor. were calculated frOll the ANfN ... s + or - 13.251 ufl1tS OIl" th4t I.ICA
(,,(i5 1. (Std •• rror :.! 8.a7e8). and .. or - '4~;149 on DCA .!tis Z (Std •

• rror = e.a1~3).

2. •• D1SCUS810N

\\

Of the thr .. envirOMl8nt.al h~tqrs ax.. 1nlld, soil ty~ provided

t.he ~.t (,••cr1ption of $peci •• diltr1b~t1on .. 1» C IX. A'ont .,ith

alt 1tUde. it r.f1ected the ovor's 11 MOistliro 9rad1ent~ which have

pat.ternoad • .,..(.18S distributions tn the catehnM,\nt.

Whtle r.d1.t1on's influence on tn. v'i8tatton alao acts through
det.,..1n1nt the MO$atur. regiMe. only "Qt.. sPI<;.1e, shOwed • elfar
n~lpon" to it, 8i~<:1.lly PhOippla t".nsH. ~rlHCh1'" '.'x {low

'" h,Y.lt~. and D1IMt.ropogoo ftlffolfulI, P.n1c,.. fI.t,'tlnsfs,
'Al1ot.ro,'1si$ lI_i.,.tll and Rt){ld1-;" tt1t.r. (Mgher l.v.ls). The fact
that the radiation arufly.1i aid not prOduce a c~""'argradient frOll law
to ,•.fgh 1ev.ls, furt~r indiclt •• tn.t rad1at~onl, lnfluencw hi

1IO<.f1fied by oti'Htf factors,
Ii Cj

II

P•• ~4".i1t~ response to radiation has Men .x~1ntd by Everson

~nd S,""n (~9a3). who cone hided that ~t$ ohtr-ibut1oll 11" south fach~h
lev radiation ~ite, 1a prObably b.eflull.it .xpar18nc ...mora favourable
",at.r relatio"" there. H. f41x's d1atr1but1or\ under condit iA1, of lower
rad1aUon, 1$ l1kaiy ralat.1K1to fts ability to 'Ilrv1'~Otile Tc\ light
1ntGns1t1.s of ahad1ng, as ~hownby Everson (1985. He I.lso round

T. loucu!hrfJ< and A. !I_fa 7lfta to b4t MOre SheldQtoi1'i ~4l'lt, but this was

not' htflected {at this s~ftl. (tt .xamil1at.1on) in the1,. d1st:r fbut:ions in. . ., ', "

C IX (1'. lffucothrix d~Q net show claar to ler&rlci of ll')w.. f r.d1&t tnn
lev.l$, while A.~""'i.f11.t4 appea.·.d ttl.avQ1d .site&' with 'a,s nd1at1on
- 15M bPPfindix 2'.~. L3). Also, E'I(li,ln~on's fIndings are not r.fleet~ tn

thf! distdbut100 of r. trulndr,J!/ wtt1eh sh?wed 00 i1v(J1dt!nce of' low 1

ra(hation levels ~$ WClu1~ .f;).a .~pQct.o. b4it1'ngmore ,.n~~tiv. tn h~
HlIht tIll" H. falx. Howe'~...r, '[.rachypogM IP1CatU$ did favour high
rat:Hat~(\n' le,V.ls, atld $0 WJre r.{" •• ly reflect2l its s.n,tt-l'l1ty to low

light lev.h t~ its (.. IX dilttdbut10n (see APpendix 2.1.,1.3).



env1ref11ental ,rad1.nt •• Th. ~u't1n. d1.tortion of factor ax.!) hae
'::

de"fred ecolUS1lt. frca ullna FA, but the flaf'lMi" "wMch Strahl.r
.,loYI 1t (t.y havin, .,vim. •• nt.l ,roup, al or ,·.,rv.t10~') 01htviat ••
the Mjrr pn""_, which 1. relating d1.tortad factor u.s to
\'n~1r~1IIItnt. Alao, thQ standard1z~ ,..11dut\.s were invaluable in

reflecting directly the lpeci •• ' reaponHI to .nv1rorwant., If"OIJP8;

.rld helped acl'11ev. " fol'1l of d1rect ,radient Inalysis. Th1ft 1,

currently belt achieved only "ling erlV1r:onMt'1tllly conltr.;nlld
;::,

or'd11t"t1on with ttMt nGW c.tnon1cal Corre.pondonca An.l~.il package of
tar 8rlsk (1981), a .. thod not available at the tiMe of wr1ta-uo.

Ftnany. it should 08 noted that the r•• ults of the mult.1va~1at.
technique. u,~ her. did not diff.r ,rNtly frOll thft "intutt1v.'·

ftndin~. Of C'\l.I1ousrosearcher. (Kit.l #clt 1t63, Oranser 1IH6). Ii

t'_•• iengthy Jil'oc8dural are being used purely for hypotheSiS

gwnarat ion, the t 1_ coold btl better spent in the r1{lld us1ni d1ract~
t.echniQues .,,,tch fi1v. inSight ~nto pftrt.lcu1ar hlfpott~S •• atx.ut
species' r.sp(~nS~$. dna are gen.. ratod fa,· mar. Quickly by "subject.iv."

f fe 1<1 (.tbserv4t tons ,

C:

\1
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Us1n9 the abo". IUI.,url. of v.getatton change. ttMI N1n objtltt~iI'

of this chapter was to ~.cr1be the patterns of cMnge tn C IX at
oiff.rent spatial ,cal.s. tang1n9 frM the whol. ctltcl'nnt (viewing
tht d",U frOll'lall areu in C IX tag.thtr). to changes In areas C"/' the
SaMe vegetation typo (the•• ftrt~. art t.nmed v.~tation groupl,
d.f1rtttd ir. chapter" 2), to those changes 1Jcc:.rriflli tn 10CIl ,1tlS or
cOIIIIun1t h,$ (derived fn')M 1~13 NA' l":r)ftlMJn1ti•• ).

The work. of Granger (ann and Everson 0985'} resulted .:1 some

predict ions abOut which speci.s ",auld incra"a 'Jr decr •• ~. 'in
dOMinance af'tar w1thdraw"l of f~re. A subsidiary objective of this
chapter !FlU th.r.fora to test the1r prf.td1ctiGl'1s~

3.2. fIIlr:THODS
3.2. .. 1. SUCCESSIOMAL~~EMDS~~n!tit ElTE~TS Of. O~I;RAU.(H~MG£$ i~'t, 1 X

To Qet.mille tr.nde. ,~:j .xt.mts of charaAs' in SP4ClftS comPQ~.(t1on
and abUII\,hm<:6Is1nc. 'i913, the chlln9fj in J....stt ton flf "sites" in

ord1rlatod sit. spac6 "era eXaMined (8g Aus;;,In; 1911, FOrln et al 1986).
"S1t~. ware dfif1n.d at different ',.•Y81a of nrganiz8,t.ion or scal. (,If

plant ~$..oc1.tion; thil lower laval being individual pl~mt. 1C0000unities
(HIA 'COI'M\~~niti.s, SN chapter ~)~ antJ the Mgf'ler lovvl be';n9
vog.tat ion $I,"oups meltlS, derived from sroups of cOIM'IlJnities with
simi lar SptlC18$ ~OMPO$itionl (identified using De:COAANAon ercstns
tran$forMd ff'lqlJ'''OCY data fnw 1913 only).

UCAwas p*t"fonNi!d on ttl. 1£.73 and 1986 data Sitts together,

using thtt tran$fcr'fMtd datil of specias fraqlJoncie$ in cannmnities tn

tho two ~.Ir$. Its use was thought appropr'!ate fOI' It nutlltH'trof r,~son'
(drawn from TII'~'Braafl:and P"'tmtice '1988):

({

1) Unl1l<.e Corraspom,!enc:a Antt'lysis, DCA includts non-ttnaar H)-

scaling of the, (~i'.S,wh1(.;h$qr.:alh.es the wlthir'·site var1a~ce at .11
) ...•

points alons t_." axes. A ch:m~ of one ur..1t shcu'id measure tio S4m6

difterence in composition 91ywher. on the axis. This feature ,)"labled
ti~Jun1form aI'JpliGlltion of the l~a"t .,lgn1f1ccnt d'ifferer.ce meU'Jt8s



l4

of' the .alC.tent of chan!J"* in a vegetlt ton ~roup. AHOV"wan uHd to

calculate th4f 95' least s1gnHt(;lnt dtU.r.nce b.t.w..n years in tach
group mean, on ea\;h axis. 11'\addition, as .. tOfllPar1S0n with rtwt use of
DCA. chi,·~.;tuared test& werl,\u~ecJon u.g.tati:)n group data to rNuure

overaJ1 (;h~ng. in each group.

3.;!.1 ...\. the extent of overall (;h".nge "_thin plant
communiti ••

I ~I
ihe extent of ch.n~., in an jndhridual GOftIfIlunfty was Muured"

" 1

using tho .;iiffAr@'lc., in ax"s $';or. of 1\ cOftIItun1ty 06 a sHt.! d.f1nt'd

at the ~OMmUn1t 1.~.1) bet"",." tne twc y.~rs. lostl for significant

(Slf( ..rences bet","" years were ","de usirlg t;h£ led,t "ignif1CQnt
(I

(!ifferenc: .. e '~tlb1ished for ftach 1)(.1$~n Ch6ptflf 2. iftS lSD for dxis 2

w.. fnterpr.ted at the ~9~ lev81, to ",ccount for d! 'H.rences Ht a)(is
'direction' and $pread in s~c1er spsc. rOltult{ng from ordi·"~t10'" CJ~

the joint 1913-198&data, as opposed to the i9;3 data al:)n8 (18, :~ne

d!$tance bet.,,"" two 191~ communltifls on ,x!s 2 was me,t's v~rlalll .. in

ttl. jotnt ordtnatton than tile 1913~on'Y nl"Hnatlon).

3.2 • .2. CliAM~ES 1M5PEC!,~ fREQUErtCIES

The changes in !ndh'1dual species' frequftn,,;1tls WIlJf'a also c)'.nt1nW

at three scales, using different 9r~ui')'~tl9S of the freQLleT!(~y data. The

scales went a) ,peciel freQuency chafiges til th6 catct\r.ent, b) changlS

within different vegetation types (group:\), 'Jnd c) "localil~d" species
frequency changes, within Individual 'llant. cOIM\un1t1es. The c,,'rrected
G··statlst1c (Sokal and Rolf ~ 1981) ~as ca'iciJ I..,ted to t.est for

significant dlffor6ne.s (ie increases or deCrfh'$l\s) in ft"quencies
b6tween the t~o )If,utrs. W4th 'SlIIall sample sizes, F1!aher' 'S ell'4f;t

I \

pl'obabllity ttJIt'was !ut)st1tut(ld. The c()rr.\~tect G 'is slightly len

cons.rvtit.~vft tr,n r:ht ...squar-ld corroctftd for .Ij!~cont1nuttys and is
i,)therwise tll:4uiv~'.1ent. $pec1as tested war. onu frequellt ftl1t:l!Jghfor

F1~her·s or {~h1'~$quared, as Mntionsd 'in 1:hapter 2.



3.2..2.1. S~ci •• fr&r;,u.ncy r.hangef!in the whole
--=a~ch,"n't

TO d.r,fJrM1ne ..-n1ch spa-:-jes h"d ,j\"re'u~ ~nd whkh had Qecra.~'$ed

t'l.tt frt.'1IJ~ncy '* I Ulit eatctwln::' as a wh01.0 their pre"oc9-aeSeI1C\\
frW<l'J.ncte;l In ,,,I'ch t"'.'tns.et w"n ~uIIIMd. Ad~'ittontll $pec1e$. not

4f,cll,lj.d in thtt 804 1r DCAin ehftpi;tJr l or 3, ~r. tested fl1l'" 0".J411

r f'~'Jettcy ChMpe ~" t.htt sUMMed (jllta frUM ...11 t.·~nll"l~ts.lhl$\'.' ~P<tcie:'

""~Jn iflfr6qllel"~throughot.;t the !lOst parts of the transect3. but t!St'l

(0' (;~,ge .,;ould t'4 mado on ttwt1r $~ dat,.

3.2.2¥~_ Spe("l~a frequftncy change. 1n veg.tation groups
Hti~vidulil species frealJsncy changes with1" vegetatiQn group"':

were dpfertll1"c.d !Jsin~ the ~umm",dspec i.a fre·t"enc1i&s of ~:OIMI!Jn1t'\.)8

btslo'1g'lng t.:' th~ group!.

Changes \.f-\hl'~ ·.;or.~...Jn~t161 were tested 1.I51t19 UI(t f~:~quenclf of

e~Gh spt!t'i.s ill that cr~un1ty. B.c~i. tho $_le siz.!s '1f th{\

var10US communHtes weni>not the S"., t;.e ernount of change tnat: crmld
be i.!r.mtH1ed as S.;-6t),~".t:AI iy s1gnif1Ci:.I1t. (~mi tittllr&fore the PQwer of

the test) varied. For,'~~ch c~unlty (elu;i' SM)J,:10 size), tho

per\:tntl1~ "nanga in speci.as frr.que"C)I that. liIlouid 91v9 ~ $1g'11f1cant
O'-stl\tist,iG; at P ::; 0.05 i~YEtl 1$ pNvided {Apptndi:·'t3.2.~!;). A cOI'MK.!n

sens") e~tim"t8 of tt,e 81ft(.·~.iI1tof cll1\1'l9tl that is biolfJgrclfl1y

significant 13 perhaps aro:md 10\ of l:ha 1~13 ~'Ihlft~ btlt li~'!Ie safilpla

sizes did not Ihi8)S P6rmit this level of difference to be tested.

3.2.3. 'I1tE EXTENTOF HO~lSTiC Ctl~~Gr~I1~I" ~n"MUHP:t:S

SpeChlS t:h~ll{'wdr within COl'l~lmt ti3~ W'\Sest ~w,tt3d frC\"Ii the-I."
floristic simi ladty in HH3 end 1986 ~ the proj;iiJrticm of s~t;ies

shared between the two yQars. AgIJ'in, only thlJ major species as usee in

th1S ch~fjter, ~et'f) used 'In this tEl~t, HIt 1913 fk.ris",ic siMt lar'1ty of

different vegetation StOUps was uslfd to show the iM3..i of d~Hftnm~:es
in Spet~1AScOI'IIpos.it1on then prSl!ut. in the (.at.ctwnant. Fll"'htic chlmgn

over t ~me in one site coutd therefafe be visked In relat mil t~~
catchment-wide floristic diH~r'er.ces.
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Sorensen's (1948) clJImunity coefficiencs (CC)\~er. calc:.ulated,
\\

with CC :; 2a/b+e; .. ::: the nUMber of !opeela, ~n t~B COffIIIuL1tyin botf'l
197:l and 1986, b :: the !"1I.:mberof species in the c~uility in "913

()nl}~; and c:: the numberof species in the c~untty 'In 198:.;only.

CCwal interj.iretell as a rough estimate of epectes turnover,

bEl(,,:!',~esome $Decies which were ))ressnt at \l6ry Jow frequ9ncies in
1913 woultj not. have been recorded (even if present) with the lower
$.81111'-111n9 intensities of 1986, and because not an spsctes in a
community",ere used. Potencielly, the chan:la in DCA axis SCOI'IJ of a
site as ~~surod by the nv~ber of average star.dard devi~t;on$ of
~pecletsturnover (SO) it represents. cuuld M used to measure specJua
turnover, HO\li.ver~OlsviS et: et (1983) cOInI'l:'lredmeasures of turn.JJer

and corlcllJdad that Hi11 's ~igen;jectof' estimate of half chang8 (He,·

(£V)) and SO un1ts wons unrel'lable estimates of th'!s parameter.

3 .. 2 »... . EV \lUmOK OF HfPOr»eSIZED SPECI~S CGl!M ~CE SEQUENCES

Some (,)f Grang.rs(1'H6) hypotMshtd sequences of spec1es
dominant:... in the vegetation ~f C IX were tested. The teats were
restrict.ad to particular temporal species ~equences because Granger

din not distinguish clearly bI!Itwlen these ~"d supposedly spatil\l onas.

The hypothesiS that species A would "replcee" specres B ir.

dominance was tested by slJfI'IMingthe freqlJenc1e~ o~ each pa.ir of
sp~cies 1n the two yoars in communities wher. both were present" ,;I

calculating thfl G-statistic. This tested the s1gnH'icance of a
ditterence in the prcport'lon of t.hA two spe~ies bet\IGen 1913 nnd 1986.

Althot:!;h Granger's hypoth~ses appl1fK1 to specific site CClt:j1tions
ontv, hypothesilecl trflnds involving ;species in d1ffe,~ent areas were
the same, so that all communities which contclned th~ initiftlly
dominant spacies WAre USAd to make th~ tests. Whar~ two co-occurring
spaeies were said to be repl~v8u by S~~ athers, not all combinations

"'41r8 tested (09 'If I'~t!'idf:(J:'l.t 8'lC1 II. appel1dicullJtu$ Wi,re to rep lace
£;'.mut'icus end A.semia1IJta~ Ol:;~'the changes in prOpOrtion of

T. trtsnar« end E.:tIutfr:t.'s, A.lIppefld1r.mlatus
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Sf::lIlcitnruduiI 1I1furdH,\)uffS; Cn=,Cliltia ,.ihlnsis, Pq=P~lhn qw~ori,iu •.ti; Pe=Fhilii<Pili U'uSJi;
CiaCc ••• li~. ifri'i~i; D'=Pihetfr~,ogol fi!ifclius~ poapolyq.l. ohl*~dorfia~i; P~='t~ridiue iq~ili~ll.1
E.-Elio»urus .uti'~Si ~tap~:F~stuclcaprin.} fens- ~.=Re~dlii .It.ri; nl=R~t~~ iudHigii; Sn*S'.f~!C
FutIF'~ C(.lH"h; Hf=H,upfdlo'l of.b; tlilrs=Hflichrysil. lHl,l~u'Did.s; Si:$uuio lSitiJfUS:; S,i"StjbUllAS .
•~r~c-nit*.$; Hu~H'li'hrfsv. y.braculig'Tu», Ht- alD,fcuroid,s; Tt=Th,.,di tri~Ddra; Tl=7ristachy~ Jf~cothri.J
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G:"'lnger's hyppthe ••• (ahan in full in appendix 3.2.3) wore as

fo l1ows:

On shallow lo11s, T. tr1tfndr, r$~.llce.Dfhllt.ropogon fiTifolfus and
":ndl,':- a It_rtf.

,\ steep, cool, south-facing .1optl wlth d.. p soil, l. trfandra
r.pl •..o1s f.lllUt1cus. while A.tfPi?tlnd1cul.tu. r.p'laces E.1tIUti.:us and

A.$MfIA1.t •• Ph171ppfa ''1.n.l1~ He1tcnr.Y,1J/I IUft!tO""ntl:(lns, IJ.aqul11nUIIs
RubUs 11)(/"l'lg11and L.ucosfdN •• ric •• replace r. trftfndr., and Pe11Ha

qu.drfptnnat. replace. A.SM1.1.ct •• Los.rice. ,..pllce.
A.tfPpendfcuT,tus.

On ItMP, coct , south--facing IS10ptI with shallow soil, 8crkMya

rhIJpontfca rraplace. R,mdl1•• Tt.r., T. tr tenar« r"pl.ces Dihtltl!f"t')pogon

rt ttrat tu«, and P.evltn.11 anet L. s.ric., replace T. trilJndr •.

Onmar,hl are.s and mo1at so1u., P.evltn,1t r',plaCtf,l Senecio
1$.ticMlJS and Hi.canthus ClJ/XIns•• R.ludtt11gf1 replaces P•• qu111nUlff, and
L.s.rice. replac •• A.appllndfcul,SJtus, H.C."./fSfI and P.aquf1fmJllf.

I':',

othe,. replacements tested were that H. f.lx, A. •• ppendfculatus and
T~)1"u(i:1Jthr1x r.plac8 T. tr1andr. (from Granger, 191(5and tverson '1986).

3.3 'RESULni
3 .. 3 ' 1. SUCCESSIONAl. nENaS AH~ THE EXTUT OF O~ERM.ttHAMQES IN C IX

,taint "913··190e.J>CA

DCAof' the Joint 1913"'198&dat. resulted in tt'Mt species
urdiri:t1on shown in fig 3.3.1.1. The first axis showtid. grAld'ient (rort'
H1",nthus caoens., Pb1yg.la ohl.ndbrf1lJnat L.uco,fd •• $.rfc~~ and

Clut,ia nltl.lensl:l to StfburL~)' alopf1Curo1des, Ofhflt.ropogon fi7ffo7'fu$"
, /

and Rlmd1fa liTter •• This gr~d1ont Is .ssent1.'ally w1",Har t,,) that

obt'l1 ned ""H:.h

!,

o
c·
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the t973--oftly data, onlf ~"jcu. nlfC.'MN ..r HtlTtt:h,.,.. .,,......
nit.". had .. rkedly 1ncl"'G~\ad tM~r lCO,... anft .'tftr.d ttMt1r poI1t1ona

/l

r.lattve to the other I,*ct~•• Other ct1ff.F"InCe' wer... 11 and thl
lpAct •• had retlined their ~.r.'1 pltcinfl a'~, the trld1ent.

1\

1.,. ~d DCAaxia ~.. ".v.rna in the joint data ordination .
...lthough there wet. Ik'r~ d1ff.ranc •• to the 1.13 adl 2, the
oyerell ,ndiont wea stlltHar, with ElIol1uru, -.rtleu., ~J1ot.~1.
_1.1.ts and N.Clt/JJ.' .. having postt-'v • .ax1. scora at ()ne .xt .... Md
H.;du".,.·n1t."" H. t':Jt:tfdul~ and $..futtdctull hIlvinfJ n.gativ. scurtl at'., \\

the othtlr. Meny .peet •• IIltered t~1r (, 'At1ve polittons on the axi.~

.,,*1ai iV P. r"te7"" .. , Se,.lclteYIJ rhepon(tc, and Rubul ludt1f,11 •

CctMJIIM'l1t1 •• biting ~n_ in s~i.s ')~c:., ~rtId to the 1"3-·
only ordtftCi.t1on. AlllOon axil 2, tnt_r-,it. (~~n1ty) diltancel were
IlOna variebh. than t.,. ~uiy.'ent d1.tance in 1113 ordination,
indicating thlt speci •• were or.red d1ff.rantly alung this &;(13. Thi.
meda interpret,tion of change. MO~ difficult.

3. S. 1•1 Qe.,.ral trend. in the eatehMnt v... tat.1on

The lIIO,t obvioul ov.rlll t,..nd in tM datI was tlil dec ...... 1n
axia ~ scores of tfltt 1ge6 vea-tation group mean, (Fig 3.3.1.2, a) -
eH. This iMPlied llIOve tn IPSef •• CCIftPOs1t1onaWAYfroM E,ilUtfcus.

A. ,.f.lat., Ac.lyphapunc;tllt, Qnd Buchen~rlt lot~m:"~1de., towards
more P.n~t.l.nso, H,aureo:-nltfH1s, \f•• tu,,,. cap!'!/nll, B"rhapont1c.,
H. turgtdul""" and ",.1,1.u.;;qu.dr1p1n",t,. Tr.nd. 00 axis 1 were not

/,~~ilt

conI1r.tfl"lt, a~ :~ppe.rad to depend (In thl't vegeht. ion group. Group. I",

2, and 3 .,t one 'ilxt~ 0" the IIX}S lhowd very littl. ch.n .. ~ groups
04- 7, with non··.)(t,~ 800,.., on ,,:,xis 1, showed Ic.& increas.1 in
Icona, ,roup e again ,hc.Mt~ 1itt i.: change. whil. trou". 9 Ind 10

, (/

.howttd .. a~r., •• in a.)(1. 1 .I.:or••

~\
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o 3.3.1 ,~2. Trends and the extent of overall change_ w1th1n
v.getation groupe

TnMMS.01 chan .. "tth1n ind1v1duftl v._tat1on lrouPS reflectedo
the eon.1st..,t dec ...... 1n ttMI ax1. 2 score., with lONe exceptio.,.
(1'~,1a in grO\Jp 5. n.7 In troup t, 5.1 in groUp 10, T2.12 and Te.4 in

SJI"'OUPa, n.7 in troup It and U.1 and 11.3 in troup 2). Trenda on

axi. 1 ware again r.lat1y.1y ;nconai.tent, with .1a11ar eUMMUn1t1 •• in
a v",ht1an ,roup d1v.rttng. HQwOvlr, ttM b1~.. r trond wa. toward ano. •

inc,.. ... in axiS 1 score (Me f~g 3.3.1.2 .) - en.
l],"

II

Ottly "lgetat1on ,roup. 5 and 1 .hawed ~1gn1f1cant dif,1er.nce, in
troup ... n axil f .erIna .. betWtMlntNt two yelrs. Groups 3, 5, I, 7 ,,and

9 I~~ s1sn1fic_nt d1ffer9nC0i in axis 2 scor •• (table 3.3.1.2). The
!IO~~.at".tc.".r.ges 11'1axb 2 scor. were in veget.t ion 9roup, 1 (- 61 .37) ,

9 (-30.83) and 5 (~28.1&h Ali other tiQn1ftcant chan_II in ve{l4tUtioo

group IlllUn leo res were sun, partly a reflection of divargcnce in
apec1•• ~c~.1~1on within groupa.

o
Il

\\

J
L" ()

0

('r ,:)
)\
\\
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'Tabl._l~l.!..h.L V.getat1on grout.' .. an axis .corea in 1113 and 1'" fer
DCA axi. 1 and 2. thawing l.aet .1gnlf1cant dtft~rence lev.l. 4nd
tignifi\'~t d~ff."'nc •• in seer•• for tM S,·oup", .... n&.-----.~-------------.....------- ...--.....-----,""".- ...-----..-~..----_ ....__ ..._--------
VEGETATION 'fEAR NEAN 8.E. " l.S.D /,p<
Q89YP - ...... - 2·0)

-::":~
MJ.'. J
1 1'13 304.~~ ,~

1C'~" 303.25 ~2.Sale 3&.1 US
2 1v73 241.8?

1981 238.40 11.3491 3/!~9 HS
3 lOU 202.20 '

lil8 ~~.91
,208.80 1 3~V9 "8

<4 1973 185.33 !.)

1986 182.60 10.3802 2v.2 HS
5 1973 131.48

1988
11
160

•23
7.'384 1Q.8 S

6 1973 -, 91.00
198$ \103.00 ~.6111 26.9 NS

7 \) ,/>1913 '1\)4.15
/ 1988 -',$1,87 8.{H~'2 ~5.Z S

8 " 1913 97.17
::_-·-~·-'·__=.::.::;::c ..·-_:_- ';'-' r;' 198e 101.00 10,SaOa 29.1 HS

-~"''''-=--~-''''''':::_~ (; 1913 53.51
~\ " H~8t 41.33 10.36CZ 29.1 HS

~ccc. c t:!~.\ 1913 174.25
1986 ItT ~.15 12..:~886 35.1 ..6

"~\ '\",~"
c

H173 120.50
~. ') 108& 9fi.25 10,9293 30.& NS

2: '~=o,c=' ""=~=c-_~\<,,;· <!913 103.,(0l ~I
" &9.00 9.1155 21.5 HS

3 ~ I"~ 110.20
-, 1rui6 82.20 9.1155 21.5 S

4 "<<c :(973 122.S3
1986 107. sr' 8.923fJ 25.1 NS

6 19'13 119.62
198e 91.48 &.O(l"'~ 11~1 {'...

e 1913 100.43 . '

1988 71.00 8.2&18 23.2 S
1:0

7 1973 181.38
108t 130.00 1.1282 21.1 S

D 8 1913 104.83
198(\ 88.00 8.9238 25.1 NS

$I 1913 130.83
1986 100.0\1' 6.9238 ~5.1 S

10 (~ 1t'1'3 103.00
198' 87.00 10.92'113 30.8 NSr___ .-" .. 't_ -'''if' __ ......_____ .........iIO:'< _____ .___ ....... _________ ............ _ ............. _"'" __ ........ _____ . __ .... _ ........ _.,.._ ... __

, )
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I~qlLl~'ld.3.81tn1f1e"nt change. at P < .05 1".1 in the ~ axi.
.tor .. of individual ce»aun ~t 1.. , with least li;n1f1cent diff.r.ncu
calcl .•leted frOM AW:NA•. :
-;~;r~T';~-------~'-'---"--d~--'---;;;i----~
._(J\qJP _~lY_._. ___JjJ1._.____J_!.Ql__J!_ 8~I
~J!.J L.S.O at p< .05 .27. .t p< .001 = 32*~
2 T2.7 ~63 28. 31
2 T4.$ ((241 205 ""3U
~ Te.1 2'3' 2ee 32'
2 TI.3 282 233 29
3 T8.2 191 218 21

" 4 T3.1J, 1e4 202 le*
5 T2.8 135 21G 81. 0

5 T4.10 1"~ 218 71*
5 1\$.3 14:J 177 34*
6 13.1 90 119 29
6 T5.7 116 151 35*
7 T2.4 160 19S 3&j
7 \) T7 .1 185 ::,228 4:1*
t T7.2 159 209 50*
7 TA,1 171 218 47.
1 ".A.2 138 111 39.
T TA.4 131 196 65.
8 12.12 07 126 2&
8 U.11 9t 0 -91.
8 'i'&.4 99 182 e3*
{I Ta.1 (11 20 -81*
9 1'1.7 62 0 "G2*

C'~ ~!§_1 l.S.O. at p~ .05 ;: 30; at P< .001 :: 36*
~ Tf-~1 140 98 -42*
2 T2.5 155 110 -46*
3 15.5 125 90 -35

(_/ 5 T2.\' ,.120 49 "'H>ii
IS T3.~\ 118 80 -38t'
S T3.12 140 105 -35
5 T3.13 "... r;:, 113 -31
5 T4.4 128 96 -30
5 T~.3 ge 56 -40*
5 T7.6 72 38 ..34
6 T3.3 104 72 -32
6 T3.1 1i2 ee -44*
6 T4.2 10e 14 -32
6 14 ..3 93 60 -33
7 T2.3 lS2 123 -39*
7 i2.4 190 121 -63*
1 n.i 183 H~ -64*
1 17.2 171 124 -47*
T TA.1 184 127 -51*
1 T".2 201) 0138 -$2*
1 rA.4 189 138 -5~*
8 12.9 "~Ol 67 -40.
ft 14.11 13(1 9$ -32
9 T2.1 178 9$ -82*
9 T2.2 180 113 -41'
g Tl.1 10e 4& -&0-
1Q J.~"'~_. 19.~. _.~_2 .. :-.~~*.
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Chi-squared tlltts for (.iv.rall change in specie:.. frequency w'lthin

Veg4ttdticlI'l groups wIre mora sensitive t.han t~ tGl~"done for DCAgruup
meanl. In otder of decreasing difference betw.8n Ylar., groups 3, 1~
W. 4, and 5 showed significant ~nanges (Chi-squared ::::11.S, 8.9.
8.u~, 6.9 and 5.89 respectively). The changes in group 10 and 4 were
"ufldetectad" by the test on t.he DCA. and grClup 9 show,d no difference
using ch1"squar.d~ but WIS different on DCAax:15 2 with the other
test.

~X
3.;) e-,:t .3. Tho extent of over".11 change- withi n VI1ant
cOftllllu"h~it i...

Tebl. 3.3.1.3 Shawl the IXOS score. of cOIllfllunit1assignificantly
"

different at P c O.O.~';'The t''l9gest changes 01'\ axis 1 occurred in T4.11
(-90, T2.8 (81) and 14.10 ~77). The biggest changes on axis:; wet". In
12.1 (-82) and 12.8 (-11). HOlSt of the axi, 1 aM 2 tihaoge5 wei)
slgn1ficant at the P < 0.001 level. For axil 2, those not s10rr~ficaut
at this level were considered unchanged because Of the 'distortion- in
this axis. More communities changed in vegat.!tion group 7 than in anr
other vegetat101l grolJp, while \'\!"1IW1'1t.mit1Is in vegetation groups 1, 3, 4

v
d h \\an 10:) owed few sign ff1cant c~fmges. \\

3.3.2. CHANGESIN mr.IES FREQUE~CIES1MC ix

3 ..3 ..2.1. Specie ..frequencY' changes in the whole
catchment

There war, no extrema ch.nges in thft fre',uoney (ctA.tchment-wide)
of any species in C IX (sae tabla 3.~~~2"1). L.s,ricelt, I'Iah1enlHlrgilJ./

frrebs11 M D1het.ropogon amplec1:sm;, H. f,:Ui*91dulum tUid P,quadrip1nnata

sh.")wedthe biggest increases ~22.1%, 2t\iy 19.9", '11.9* and 15.7*

respectively) aild r.urtsnar«, A.6ppendiculatus lnd O.filifolfus showed
the' biggest decr0ases in 'frequenc.y (18.5*, 12.9* and 12~\~~*-.',
respect •.",'iely). Table 3.3. L:,~.1 shows thiS <;pecies with sig!'l1ficlll!t.

'.1
f,.aqu~ncy changes since 197:L P.aqul1 ,,':num, C.n:'f,tHf' ..~!J1$, 8.rhapontr:.

F",tuclI co.,tata, St1burus 117ope";fiI~:dd.$i' Pt:tlygIJ1. ah16!'1dorffana,

H.c""pens., Tcsptcatu$., Gunn,rll purPffnsf: !"Ild .~$ttJr perfoliatu$ r_a~ ,ed

unChmn9*d. ~
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Tal?,J~t'i!.~~2•.h Ch,.,gea in spec lea' frequencie. in the who'. of C IX
'!iincfI 191$, significant at p<0..06.. . ..
~-;-..... ~ ,... __ ... '" ...... ,.• .. '" .• -.,.,. •.•,.,~ __ ..... ,;,.,._0'IiI'._ ......_"_.~~l..1!t.."""...~,... ~;

Frfquency· ~ in
1913

t. in
1988

~
CHANGESPECIES

....... ; " .. _."" ...., ... _·.- " .. __ ... _. __ ....._~ __ ,_IWl .... .__ ... .... _ .. .... __ ._

I.~C.~.~.~~E~
L.serfcn. 8.5 30.6 22.1
Iftth7enblrgla krebsii 0.5 21.5 21.0
D.lIMP 7ecten:J 2.41 22.3 19.9':'
H. tur.9fdu Tum 3.3 21.3 17.9
P.qulfdrip1nni!lta 5.t' 21.3 15.7
P.n,tclenSff 0.4- 10.0 9.6
C.llfricsna 16.5 24.2 1.6
P.lIva"si 1 &.1 8.3 2.2
fJ.aurea-nltens 2.9 9.9 6.9
H. fa 1}{ 38.4 45.4 6.9
R. ludJiig11 28.4 32.2 3.9
R.1l1t.r. 10.5 13.9 :l.5
Vernonia hirstuta 12.9 15.3 2.4
Hy'~in. afric,n, 1.9 3~8 1.9
.<;chistostep.~fUM
cratlltfgi f 1arum 2.5 3.1 1.2

[);~~.~~"~~
1'.trtll.ndr. 78.1 59.8 -18.5
A••pptnd1culatus 42.3 29.2 -12.9
D. ft 1ifolfus 21.4 9.2 -12.3 uS.bupleuroidfJs 31.5 23.1 -8 •.4
hWlichrysum glom.ratum 10.1 3.0 -7.1
A.pul'1ctllta 31.e 30.2 -6.8
fi.contortus 13.1 (L3 ·-6.S
A.s""ls7atlJ 11.2 12.2 "'-5·9

(I E.mut1cus 1(,·,6 6.0 *'~l6.
T.7sucothrtx 60.3 56.1 -4.17
tI.umbrscu 14gerum 31.8 34.4 -3.39
S.is,tfdeus 1.41 5.47 -1.94
8, 1otanonoides 3.8 2.26 -1.54

3.3.2 ..2. Species frequency changa6 in vegetation groups
The most widely occurring cheng•• involv.d L.$.ric.lJ~

P.quadrlptnm'lta, H. turgidu7um, T. trtenar«, A.appt"j~dfcullJtus,
P.nat;!lsnse and D.fi11fo1ius. Figs 3.3.2~2 a) "... e) show Chtll1g8! in
th,. , frequencies of lome I3pec1es in each of the ten vegetation
~Iroups. and in conjunct'Ion with fig 2.3.3.3 show how sJ)tcies are
d1str1buted in C IX ':l1th respect t.o t.he.e vegetation groups.

\\
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s . sene .. 1n<:reaHd the MOst in v'getlt ton group 1, which was
doMinated by P•• qu11fnu. and ir.cluded the ~td f1r.-br.ak 4n11 east of

tha weir. Ar.a. l.ast invaded wlr. in vegetation ~rou., 6 and 8 whet"

P.ltquf lin"" 'Was 1nfn,qu.nt, and T.trt.ndra dalinated. V.getat1on group

s, on shallow dry ~01l. where D.'t11(011iJ. was. MOst frequent. still

laek4td L.••rlcfllli.C.nat.'.n.e 1nc,-.ased in mature .r~a. of L••• rfc,tt
(y.~tat1on gn':p 1), but deer,aud in ot~r ar ..a••• sJMCially in

tho.. "'gf>tation group~ oecurrinA toward tM head of C In (l, 1u and
to SON extent "). H.clI".ns. decreased in mature L. serfee•• n.1S (1

and 2'). and 1ncrell~ in V9g11toUon group 1 where LI.r1c •• wla Itt 11
l:1natur. and invading ext.nshtely.

P•• quP1nc.J1i deere.sld ,in yeE)~;V~~ \ il~2~it._pOurr1nSJ lOW4Jr down
\\ ;' V,(, ----~---.--'-".!

in C IX, and \!ncr.as,oj in ~rl';u"Jt/ ['r :'h~ctr!ot,;curr.d .t hi2Mr(\
) t: '<. 'r

aH.1tudes. Th"s p(4\:;;'arn r)f t;han:$t <f'flJf~\vCh., outward clonal
!.'~;, '(i ,(I (J ;:' ')7 //" .' - ,

3,'C:1Wth of P~':;:'Jlf1im.'), c""f(ltdlJ;~ ,~'t:\;r'''''IfIlW ai.).gtl:l an·, tt'a degen4)at1Qn of

oldor parts of tn. .colon1.'~ (.._ I.;Jltt. ;'tit1) 'illi<:t\ c,dg1nated lower in

the cAtchment_
'f

O. ff11fo I fUlf wu a l!l11()lt lett in !'lOst v.~"..att:.>n tjrou,"" a ince

1913. Only 9roud~ 8 and 9 still had >~{.\~ of quadrats contafning thts
spec1$s.T.tri.rtJra deer••sea most 1~ ~r~ ~~1$t v6gotat1on gr~p.
n•• r.r stre8llts tn the eatc_I\';;'~ (3, ". 7 and 10). and leut in ~\~1."~
higher sit .. (9. 8 Mnd G). T.l.t;r,;nthrt" doer'lled only tn v~get.t1of'
group ... Although it a::'.i decreased vVlrall, A.llppend1cullttul showed

t.tlf! opp,'sitR trend to T. tr1am1r.: It 1ncnuIswd in some mora moist

!:'l1t~s (v.~tat1on group 10), and dlcrllla<;;itdmost in drier aitas (9, t.;

and &).

11.turr;1dulum and F"cllpr1n. 1f1Cf·.aUd most in IIlOre mo1st:

.\ v.~tat10" grOUJ'i1 (excluding L_s.r1c'lI dominated gr.oups 1 for
it'

II. turgldulU111 ,:ld 2 for F.c,pr'ina ), whH .. H. t'al.}( 1n<:reased IftPlt1y in

drier lr'tll (9, St 6) but. also in some MOra tIIOhlt Bit •• (1 an~ 10). It
o d.crlas8d in vwgetat10n group 5. S.alqpecuroto.s d.r.r'l~td in the

relatively dry v'J8tatton grul.1p6, al'ld spre.d to other are'l\ a, 8,
9), R.8.7t.ra 4f1d A.$Mf41.tll both 1ncr.~.1Kf 1ft vegetation grOtJPs 1 and
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9, but the latt.,. also increased in 10•• r. R.IJ 1t.r. r... 1ned
absent.

P.ntihlenH end P.q"'drfptnn.ta appe.reO to tncr •••• throughout
molt of th6 eatc .... nt, though P.nat.'.nH MOre 8(. in hi_I" 11t1tU<M

sit•• (9, 10, S, and a). The "fynbot" .pec~'1Bucn.n~r.
lDtononofde. ahowd a .11Qht d.,11n. in molt of itz range.

Chin". in other Ipoe1 •• are 91v(lG~ in f19 3.3.2.2 end .ppendh:
3.3.2.2, which II10wI the aye rage percentage fr·8QU8r~~ •• of' specie. in
tM v~qetat1on grOiJPI, with specia, ord.r~ II the'v oceur along the

.,

DCA ax11 1.

OCAs~ that groups 5 II'd 7 haC::the gr •• test change if. ax••
1/

scor". ~'~ •• t\ilo grolJp, w.,.. therefore cOl'lP.r~ if) more detail. In
both vee-tit 10tl group5 P•• qli 111nlllfl was pr ... nt at >15' frtquency, and

L.$.rfCfl. was fnit1ally virtuall" ab.ent, but in gr'~up 5, T. trttlndr(\J

doIft1nattld.tt11 9r8;ll.. laye ... wilil. E.llUt1cu., dOMinated in gtout:> 7.
1.trf.ndr., ~.punctat., H.umbrllcu1fgqrlJM. D.f111foTtu., and

A. 4JJPf1rH1fcu1lltu$ decr.aled in both, wh11. p. nata/llns., H. turgtdu 1.

and L. $fIf'1CH 1l'\c,..aHd in both~ Not.able di'U.r.nc •• wro that H. (,'x
d.cr ... slJl(f in I\group 5 .nd illcr.em tn group T. end ",-:"''I_c10
bup1.urofcle. incr.tied in 5 and deers.sed in 1.

3.3~2_3. Specie. frequency changes within cOmIIIkI"it.l.a

All the changes in IPle1 •• t'r'QU4nci •• in i,ld1\11dual cOIIIIIIuniti••
could not be d,scribed, bvt the re...ults of tests for diffe".nce'j in
frequencies between Y'nif'~ are given in appendix 3~"', '2.3 Ii eM b).

some cOMun1t1.s 'which flad shown tho ar •• test changes (frORt the
,~""

re$ulh of DCA(3.1.3) and t.sts fl)l- species turn(w.r - s.. belew)

Wllr. ChoHIl to 11<.1r. :~nmore. ata 11.. P.r~.nt~~ fr@qll"l''F .q'
\

speci •• in 1973 'I~_d H~86 ",ar, graphed, with ~PI"d'l on":&rr~ from thus.
snow1ng .the gn.ater.t Id.,cr.er.es, in QY'h~all frtaquency to too,. f,how1ng

/1

the groatlst 0",.,..,11 1ncrl*"'1 ('.rC4ftS.3.2~1).
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Firstly, uny ~n1t1 .. Co,l\t.1n1na >SOS P •• qul1"'7w. had 1.rge
(\

chanGeI. The•• war. TA.4,.,12.8, U.10 and rr.t (I .. fl::; 3.3.2.3 .).

1.... four COIIIIIUrlit1tts all had low sllllPl1ng 1nten.1t1.a, which

tmdoubttldly contr1buttld to the .~.nmt chan,. •. Hcwv.r. tMY war.
41ao all quite a.:cu,..tely relocated in 188e, be1njJnur Mrk.r-pol~s

left in 1113. 80 that the.. result. do r.fl9Ct the f1·elrJ s1tu.t10fi.
::1

The two Quit. 81.l1er ~n1t1,. TA.4 and 11.1 ,hawed diff.rent

chan"" H. falx and H. turg1du1ua increasing 11'\TA~' only, and
R. 1udt11gt f 1ncre~.1na in T1.1. Acalypha pUnc~.t. and N. CltpenH

dacre .. ed in T1.1, whne A.PI,mct.t~ r.. 1ned con.tant in 1A.4, and
N.c~n .... de an 8'_'arance (not a1.,1f1r.ant), .lon9r;;~dth
H. _r.cu1fl/llrUill. The.. ci1fferenc., may btl partly dI:ll to the d1ff.rant
ftr. h1.tory of tnt ~it.a: 1A.4 occurred in the old fira-break whiGh
had praviou.ly had a higher fir. frequency and 1... tiM s1nc.
withdrawal of fir ••

12.a, Wh1ch"oecurr.a on the steep bank abtJv. thl at,..., showed
incra .... in N."IJIM". L.!UJ;jctta. "-11... q,.'adrtplnn,tit .nd other
specie., but P.tl.lN1 Hn". dtlcUMd along with T. trfiJndr. and

A. tl.PPfllld1cullttull. T3.10 showed an incre ... in H. fllllbrlcu1f,.rta at the

.xpen .. of A.~t.t', and L._rfce.l ,~1d not coloniz. as 11i the othtlr
ca.wun1ti ••.

Stlcondly, ca.ury1t1 •• ClCclJ,·r1ngon the Ctltcraent ridge, 1n drier.

shallower soil had a1ao cl"angad, includint T3.1, T3.1G .nd n.7 (see
fig 3.3.2.3 b). Thole are •• lacked p.aquf1fnun and ~.r.. ach dOlr.fnatiA.1
by T. trtsndr«, t; illUCDthrfx and Gther gr•••• , (f'.caDrfn!J and

D. ft11fo1iu.; R•• a.,..; and A ... t~1It. r..pact1v.ly). The fcrb
..:..\

S.bup7.uro1dft# w•• alao ca.on in t~se thnte c:onM.in1U.s, T3.1 h·,rj "J

bi, 1ncr.u. 'in H. ,.7x and .A.:>a1al.t.e and 8QM foi'~ apeciee. T3. t6
c

WWl1nta1ned ~t.cloil'ln&nt grasl •• , unlike t1, 7. H.II"rflO-ntt.n, increased
"in an thr.. t.~n1ti .•••,.,~-::;,

()

, (")
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3.3.3. TIf[ HUNT OFHOlISTIC tMAMOl.mI. C_MIlltS

To tnd1eat. the initial range of differ.nee. in spectes
compolition in C IX. tha floristic siMilaritie. of veg4Ptatfon grouPI

~j->".

~d'/det.rm1ned. The JlK)st diff.rent vetNtation group~ in C IX (group. 1
versus 10, ~ .1"Id 8) represented a total turnover of "S.l '~o 50. of

\1tNtir (Major) spec1" s. f:lor1stical1y, lIIOet vegetation grlJj~Pll wer.

s1Ml1ar, sharfng mora than 751 of their species, indi.:::at1ngthat
/')vegetation differences Mainly invoh1il(f the relative frequencies of

species.

F'lg a.J.3 shows tha positions of tr.e COIrmUr,ities in C IX and

thfl1r extent 01 specie. tllf"ncv.r. Many of the areas snowing sr.,at.'r
tUfI1OV." Ire toward thtl rill of the catctvRflnt, in grasslands on
sht(llow.r toils. other. are 1n t'or6.1t ",.rgins (TA,.S), or in

P.aquf1fnlll ar.as with l..ar1c.a lnvu10n (11.1; TA,4, 1'2.8". Ar.a~
with no ch.n~ CO) ~.r. adjacent to drainage linGS. CO'II1Iuntty 7,1

wh1ch 8~~ tM gr.at&st ehan~. had ·lost' T.tr·tan(Jr.~ '.'"
A.append1cul.tuSl,~.punct"ta, E.mut7CUg and If.c~PI1t''. and gt,·lned
L s.r1c.a and R. 1u0I1g11."lthough thc "s"'nfJle ,.z.. Udl£~,·~J"'" J U '.
c~un1ty WAS'iocated at thtl original markGr }~if{-C;;'=--;\1 \0 tt.

8.4211.1 from the tw~) y'U:I would have bHn 1~' the" idSt,t j-~- ~1~~~'.
. '-\~,

.3 • 3 ... • EVAluAnOM OF HYPOmESmD ~'EC!£S DO«lI'AMCE S£;~UEMCU

Most of the hypothesized dOMinance ~e':tu.nc.s :wer..., 'Jpported by

the datil. T~se net lupported 1nvolved the spttc1n, A.A~(i(J 'cI.l7.tus.

R., 1te'''1f ~nd P.liqCJ t 1fnUIII.



Tggt._""~~_~.!!~r', .$ for significant changes 10 proportion of two
_p.tc1., 1n hypothes1zed renlac8Nnt sequene.". If ..hypotMI1ztld
r.placeMent (of ~p.8 bY,~P.A) 11 .upport~, then th6 proportion
(sp.A/ap.B) in 1986 ",111 be .1gn1fieantlv gr.ater than in 191:..i.The
Ol.cer of cOMMunitie. used in .ach t.lt (and wh1r.hc~nta1n~ both
.per-ie,),is 9~~en in brack.tl.
______________ ... ",. ...... _ .... ... __ ._. ............ __ • ........ • .... __ .... _. olio· _".

REPLACEMENT SEQUEHCE
(A rsplac••'B ; A ~ 8) Propo~tion of A to B

1973 1986___ ."". ~ '""'* __ ..... ..... _ ... _---"""-_ ........ /1----_ ......p

T.trfandr. >
D. f111fo11u!I

T.tr1.I~r. > R •• lt.ra
T.tr1andra > E.MUt1cus

(042)
(29)
(14)

3.18
5.37
2.85

5.81
3.06
3.51

<.001
<.001
HS

__ ... _ .. ....... ....... .. ·... ~ .... __ ...... 1.._ .. _*.· ..._ .. ........__ """:...._ .. _...-....__
A•• ppendiculatus .

"A.slllts1.t. (042') 1.n 1.43 HS
A.IJPPflnd1('u Idtu., »

',_...r

E .1IfUt ta!~* (18) 1.n 1.59 NS
__ ,_; _ _ .. '_ , __ _ _ _,. •• ,.<;l_-.IO .. .""" _ _ __ "', __ ·., ....

H.llureo-nft.ns ,.
f.tr1andrIJ
R.1udWfgii > T.tr1«ndrlJ
P.,qufl1num> r.trfsndr'
.t.,serfCllfJ )0 r,trtsnar«
P.iJV.n.tf > T. zrtenar. ..

(23)
(52)
(50)
(043)
(24)

0.06
1.).31
0.1\5
0.12
0.18

0.31
0.59
0.87
0.73
O.ll

<.001
<.001
<.001
<.U01
<.OOt

P'. qUlfdnp'innatlJ >
A.s."i. lata

____ ._..* .__ ........_- .......... ..."...*_ .... .__......·......._.... ........._.•,.....,. ...illlu
., .~

<.001(29) 0.29 1.32
..-_-------------- ..... _------ ...._-- ... -._-----------""-- ... -<1 .. - .... __ .... __ " ....... __ •• _

L•.sllrfc •• >
A. aNHIrKJ1cul.tus (43) 0.•21 1.15 <.001
_____ .._'_."!"~_ ...t .... •• .."..,__- .... "_.~_ .. )-. ... ... _..,. •• _ ..... ... ",..I.M> _ ........ ~_. _"" __

<.01(1-1 ) 0.65
------------ .. --------------~~- ..----~-- ......"'-.--- ...."..~-.....__ ~..--I._.,,__ ·-- ....----~---

i (14)
i

j (25)
'I--_._-----"""' ..._....,.,,,..----.-.--------.,,...-,,p------_ ...__.....__.-...,...,-....-.--'....~---'"""-,.......---- ....."'-

R.ludttfg1f ;, P.aqui1fnUtrl I: (50) 6.56 o.er <.01
los.ric •• > P•• quf1inLlft :1, (45) Q.22° 0.79 (.001

~••• ric •• )0 N. cap'In!. : (l~) 0.73 2.04 < .001..._.tt_ .......__ .... .. ..~__ ...,..._,__ ""I.."..,. .... _ ............. __ ...... ...._._~--;.C".;.,. __ ,..._ ..... ...._."..__ ......' .....

H. f.,x > r. tr1.ndrs. ! (58) 0.049 0.79 < .001
,.".---t--.....-------------·..,~·-· ..----ir----·--- ..·----''''''-----.-----.---------, .......-----
r.l.uGCJthrtx > :1

'< T.triandrlf (! ii (58) Ii.n· 0.904 <.01
-~>.- ...._.....- ......._-- ------'"", .....~.,'w. ... - .. 1r---.-<·~>-.'··-------- ....--.---- .... __ ,:J .""'....... _~

A.apptlnd1cul.tu!S) \\ II
T. trflmtirs \~ \1 (57) 0.53 0.49 NS ,,_....__ .... "...._ ..., ,~... ~, .J~ ...".••.'". • ..;;...~...,,;........~_,_ ... _

II
Ii
ii

P.aqfli1'1nUllf> N.("ptlnSe
P. IJQI.In f nUlSf )

$.islJt/deiJ!S

,i l

1.95

3.5
1.84 .

4.i3

iJS

<.01
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A.ltp;»ndlc:uhttus showed an unprld1et~ relative decl1ne, yhl1.
e

.. R.ttltflrll lhow~ en Llnpr.d1ct'd relative inere" •• P.IlQu11fntJII cUd not
rtplar.tt H.cltPtlns.: hoth specie!> dftCI·.".d their fr!'Qu,ncy in the

pre.ence of Matur. L.t.ric"ll. P.llqU'ihnC:,,,d1d not rep1",', $.fs.ttdf#u$

in dominance throughout its range, but did se in comMun1t1e. of
vtgetat1f'1n group 10 t.,," fig 3.3.2.2 a) and b)). Tab\$ 3.3.4. shows
the proportfon of the .lPfeil' patrs in 1973 and 1986, aM the
probabt11ty of the observed difference '.n proportion vccurring by

charc«,

;J.4. DISCUSSION
oer.ral succI.lional trerAI
rttfl S '.18ra1 trend of vegetation -:r.eln~ein catchment C rx wa,

shewn usin9 nCA, as a shift t~wara, more of those $pecie~ scoring <
100 Oil axis 2 (I~, thfl joint 1913-86 DOA(se. f'lg 3.3. L 1). Viewing

'.\ '

it,~fY1du~1 :spet:ias change5 in the who1e catchment confirmed this,
,j .. "/

st')(j,.1ng that. L.sllriceIJ, H.turgidulum, P.qulJdr1pfnnllttf, P.nll.t.Jlgns.".
/1 'i

P•• VIII1:J i it H, ~lJrlflO-nitans. R• .a tter« had fhcreased. whO. rr~ny Spe·.,;1fi5

._,ith higher seores on $): \5 ? had decN:!'s ..d {E.mut1ctJs, A.$f1Mj~1IltSf

t; tr';amJrIl. A.sppendicuTatus, O. fl lif~I1"$, A.punctata,
c\

H.umbr.acu1fgerum, S.bllpl"uroid~;;). Species not involved in this: trtnd\)

were P. 6qui Unum, C.africltnlt, R. /udwfgfi, S. isat tdeus,

Sr .,l0Pfl:C:" '1(/69, N. cspens«, F. cost.#ta, r.r;IJprina. and P.oh1endarflana.

i"tis 1 of DCAdid not r(lveal changes in spec1es composition as
,_,I

sit. shifts «lorag it. lhis WitS because spe(',ies which Increased ~fts,'
withdrawal of f1 rt ()ccurrfld fit either oxtreme of axis 1, e:<ertitW

"pull" in oPpoJUe directions, (for .x~mple" SeE'!, l'I.;3pcmd1x;,L3.2:~,

where spec1e, ttre ordered ,,10n9 aJ.i~ 1 and the diff~rence" 'In spec~es
frequency between years are shown). Clcr.a$e~ in axis 1 S~\"
g81".ra 11Y "tfprei4nt&tf greater 'Incn'I$.' tn P. nl.ta l,ns. 1\Od'f(~41tBI'It
slid smaller incrQI!~tt'$ In L.stfrirf'!J, c.srrtcsn« and P.ell,n$,'I1, J!I would
occur in grass··doftrinatad communit 1.s s ltuat.d higher ,~p the Cl!~\r~t!t

r1d~s. !ncraaset it. a)(18 t r.prlJ~\(fnt the oPPOSrit.. tr.nd, with A
gnult'Wr tncraase in Lserlc.a ",~waYingt\hR t'~hmc.".

\1 \ ..~

",.,'-')

1/
II

()
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Conclusions
r!1~re have be_n few marked oVArall "egetat1~> (.h~nglu~ in C IX.

transects stnep s , !rift most. .>ronouncedchanges hftVw in\lol"8d
L. series.'s tnvas 10n and T. trilwdrs's decline. Species r~spor;"lttS aft.r

witMrawal of fin;: werA \laried, many s~}c~as reacting to different
site conJitions in differ.nt ways. Only a faw spec1a~ ~i1ow.d
consistent patterns of r,;hans,1Jirra&Qflct1':18 uf site dHferenc~s. the
details of $UCCEl591on at ~ site WGre therefore not pr,~dl('.I.<.,d, iI11though

'j',_ . ..

50f11e genaral trE'nds ",erg if1scernable.

Ii



CHAPTER <4
WOODY PLANT POPULATXON

CHANGES XN C XX

4.1. INTRODUCr1ON

( /

The maH. ~im of l~M$ chapter' is to provide a better insight into
the pat.terns and processes of w(lt)dy vegetation ch&,"~s iii C IX.
Because t1me did not ptlrmi t el(per imentat ion co determme the 11fe
hhtory charllei,eri5t1cs of species whien 'jnflu~nce thtt1r distrihution
tlnd abundan() dur'ing woody 3tand developmont, a more op~rtun1stic
approach w, adopted instead.

The IIIOstc,b\l'~')uSvegetatiC':r: changes s1neB wit.hdrllwal of fire frOln
C IX, had involved the woody 3~'ec;'ifls Ph171ppi' eVlJnsl1 and J..eucosid.a

ssri,;el (Granger 1976). In 19:1J1 these species were restricted to
areas about wat..,rco'~rses, as shown tn fig 4.1.1 .. By 1973, b(.1thhad
spread their' populations onto the flat lower areas Of the catchment.
In addit;on~ P"ovll"sl1 had arlvanced on the stl'ep south fllciog slopes,
while I..saric •• had apl'.ad through the moist ar.as arcund stream
origins (fig 4.1.2.)

Such chfmges wtl!re prevlously observed elsewhere in the t:athedra1
Peak area, and had led Kil1ick (1963) to propose that without
recurrent burning. P.evans f,c, (aloog with other fynbos sPf'c1etl such 8S

Pl1ss.r'!n~ fl1iformts and ltI'Iddrrngton1. dracomontana), would form th.
dcmlnant vegetllt10n type in subalpine re91om~ 11~e C ,tX, with
i..!1Jrir::(l1f fOf'm'H~::la perSistent shrublftnd in moist places.

Granger (1976) hid 4 dlfferetlt idea of "ihat would happen. He
hypothQ~iza" that the L.sarit!tllJ would eventuAlly dOfl'inate Ir-!lst cf C
IX, rep18.c1ngP.tlwJnsii shrubland and 1nv3dinQ N'iscsnthus cltpcnsfI

grasslands Pteridium squi11num veld, and to some extwmt Tht4Meda

tr1andra anti oth~';, grassland areas. Ba thought later succlssifJOal
(forest and forest precurscr t species would be rastr'1ctad to moist
areas, where localized patches of '.• serice,,·scrub forest would
develop. These prev~ous po$tulat1ons &bout; woody p1ant successton in C
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IX ha~ bun largely fro of evidence of how or WllY the .. ~oody specie$

should come to demir-ate C IX.

the approach takvn in this study ~as to make U91 ?f 5m2 woody
p1oto fran 1973 (Granger 1~8e) and ~ur"ey5 of l\ddit1onai wooded siteJlJ,.
The overall aims ware th~1':':t '

1. a) use aVhilable information from present and past s.urvoys (in
19S3 and H13) to d.term~n9 "qualitative" changes in the dom1nal'!t
ve9ltat1on of woody plots sine. 1953, and

I. b) determ1ne the ol/aral1 amount and type of woody population
changes that had occurred in the resurveyed 111(itssince 19'3; and
fin411y to

2~ use data on the existing (1986) sta.nd he1ght··c1aas ;,tructures
and ~pec1es compoSitions to identify the patt_rna of seedl1ng
recruitmellt, plant growth and mortality that occur during woody stand
dfiveJopPMInt.Tha woody population patterns were used where possible to
draw tnfere'1o:esa~ut processes of woody vegetation change in C IX,.
(og Wctt 1947, Sm~th and Goodman 1987). and to predict future changes.

To aid in meeting the 0".ra11 aims of this chapter, Ii number ot
quast'o~s and hypotheses were posed, which examinAdspecific .speets
of the woqdy populations. F1rstly, hypotheses about tho patterns of
P.9vlIns1i arod L.sfltricaa saedling recruitntent (developed from field
observations) ware ftvaluat6d: Thesl were that

a) Los.ric,,,, recruitment in sar.a 9r&..~slandar.a:c is "facilitated"
(by someun'\nownmechanism) in stAnds of P.evansf1, which are saneseing
and where the biomass of the grass layer 13 reduc.qd; and

II
b) conversel:,. P.eV/Jrlsi i soadlir,g recruitment decreases in such

st~nds.



j)tup~ta p.fl1~ ',.Ilefu·j for 1dentif'/iiW (lV"ran r;hMge, t'l", nCA

a lone could not ;·l.anfy ttoG nct.ure (If {~hi'''gtit&. \hv ":"U11-ed l)pp.-o.ch
of testlns 1nd1vit1ual $peel.H, in ~ac;h V9\}fl:ttt,i()r. group for f'feque<lt..i

\~hllng. cou.d, ~nA <':; , .• : ·.'~n~f1t uF X .... ,"IlS ttl4t. pattt"·;';';". :¥' changr. in

an 1ndh,tldUIl~ spt" ::.'mld be n)lated ~Hck to thQ "'tr)~ \~":.:,t~tf.:'t'
gr~dients 1dentHt~ ~n 'ha~t.r 2. '10 ni,o$lght. tne lj"} of the 1·

only nata to ;je+-"-m1n6 cQnf1d~~',.,:;e 10tltrvals for C:'A'M\\ln1t'1 seers

(;"~ngEl~ ",as "lot ./".;t .f'tee', and the j01!lt 1~n·,96& dat3 should ha".
been v!'fld to 9he mo"e accurate resu1t,$. A.Httrt ~.t,'i1fl~thod!'; of
describing O1i8'tll1 chal1ge "tay h4ve t'a~m mor4:tsf!n$:~i\'e t(' ch'l!l90S. but

41$0 ha'/9 tt\fti~' 11m1t,.lticns (eg usil19 l'!IIei~htiIl9$" fro;l'I the bas~l !'\s

f 1913) dala en ;iubs.QU8I1t d"ta (!98!O; cr by ',m1ng the ~pac~es x 1.111'18

correlet ron mati'j(,8S for aadl conwnunity (!-Stl\nd: in Pr Inc1p'l~
COnlpOnents Ma lys Is (see Swa1116 and (1r&ig"Smlth 1980))

t'atterns of spftciet:; fraQue~c.y changf! w;·th'jn vHgetatil)(I
~" ups and ccml'tlurai t ias

'~attarns ~nd trends of Ch"flQO within ere typt' of 1IE1ge1.at ion "leI ~
pa:t!al1y obs{:tJred by variations in t".e dirac;.tioo of changE'S p. ,;1 the
. sptoch ..s (IJnCernBO. Dfv'lreallG8 in specres cnm~ositi;m and aiJtII1d,ln"~ hed
takft~1 !);ace.

ih~f9 \#or~ 110'!llEN9r $om~ yell~r~l patte:'rls of $pec~e$ chailg~~ in 4<h~

catd,f,IGnt. Specl0s showing the mo:';,t,ccms;stent directions (.f change ~,
.\

(10 !r.attl1r hr'\l t:\m~1!lJnity they occurred ir; - wet e those which chan~Ad
t;11! :r{iSt in frequenc\.I (.T.trtnnare, 0, tYiifolius, P.qUlJdripinfUttd.

LS6t'icfJlJ, P.n~1;I!"l!n$1I1 H.ItUrlJo·'l1itllns, LInd !).6m/''''ecten:s).

Hefie"i;,('l !nttarr.s (if ,;ha,!19~in \Iogtitt't 1 ; groups pa' th' I't:·flected
illdivlouall lc species responses to the ~nfluera(a,}f sot l mo,~t;ur~
t,!ld depth" Some spllIlc1us wokh showed a "pHtfon~"Ctf for relat.1vely

dr'l«;~r'l shal10war sat ts h'jnh(:lr up in the. (;fl,tt!~ant bl3came incr"".slngly
restdr:ted to tbese S it~s (D..fi1 i+'ol'fusr r. tirisnare, Md H. contortvss s

II

,,;h1Ie Qth$r5 in.::reased their pra'::ien~"1ath~n; ((l.aitar", ~md to SI.")(f!9

~xtent A.semia1,t3).

\
r-,
\,



Spe<'ler. prfJfttrring int&lllIt:;; A\te \;ond1t,on~ \.)f moistureR sen
depth end alt.itude also showed SI.)m(l patt<'.Jl"n ,0 their changes. $(II'1II:1

:.il. tftf!ld tb~1t' d Istrir;Jl;,ji, ,:>m drier to rntme rnofst areas

1,4".)p","fmd·'t.:1Jlatus, A. ;f;Bm1 ,1 i'J'i:lt. S. bup t~flr(l ides, l~.cltpr ina) J .,rr, "Ie
H. f'!J;.": (lind P:Jss'~hll R. ,'#uuwigiJ) spread fnln'l areas with older
L.ser ietld sta1!l1s~ both to more moist areas ,",'Ittl ymmger L. s....srtce«, and

to dl"ier1 higher altitm1e t,ltAS. P.I!f(:ui7fnllm, H.4:spellse and C.. irrtcsn«
of;curdnJ on '!lore muist 5itas with matur6 L.,serice.', a'lso declined,
while H.umbraclt 1gerum in(3l~4Sed HI such at'e~l'

flarieti, change
Florist;,:: ch;:IlYo $irlCe '19!~~has been s'low in mO$t communities of

C IX. ,lis sugge3 t. tiiat so far no 5poc:ies wi 11 have b6er. lost from c

IX. $OOIQ of the greate!!lt turnovers hl\d occurred iii P. "Q(li1 inum areas,
~:tiGh were abo charactar tzad bl~ a ..~ecHne 'In SOfna g'·'~;O:;~lsnectes ,

(Totrifln" ,J, ,4.8f)pendiCulatus~ A.sRmia1ata), ana an increase in mdny
forp,,- ('83 h'. UfriI.1ra(;uHgerum, S. tssntaeos, R. ludtii9ii~ but not

A.JlUf~{;)~.t),:3: and 5elocted :Jl·I'i.:JSes (es H.fd1X, H~tut'giG'ulul'l1y It.ccps!1se);
I·,

And somet'tllltis the 11''!VtlS;CU of L.sllr'ic9:!. Even IIIlthl:1 t.heM~\ar(:lIlS~ the

chenses varied depending on th9 cOI'M1!.mi'-Ies ' loc~ti(l1ls. The ridge teo
cClII'II!mnitles with greater speetes tur'l'lovers also showed varHlt'!on in

tha nature (If t.heir chunge, with increases in R.111tera and n.sureo-
nitens being tho only cons1stent r.:t:ang89. Riverine ccmmunitje~ were
the !!lOst stable.

Pr&liictiona of ',~u!mg. from Grllngor' (1966)

Ilnp,·edictt',j SpeC1S3 d~cl Inas and tncreases occurred in C IX, and
t;.fr!i1ng~r'$ lwpott:esized pathways of ctu\l"!gewafa nat alw!1Y:::;

identif1ab'io. Bftsidos tha gensf'31 differonces I'lItmt0lonf!(l 'in the
results, St>nltl (~vent$ at specific sites involv'it'!9 oLhet· tJi-'I/;:,ies, WAre

not predicted (sae l:lppendf:~3.2.~ f..lr Gf<tnger's full predictions):

« {

t..esrtce« did not irlt:rta~sa ut ~tl'8am b"'!1k sites (og :4.9), and
Hflr.,(Mual1era mltCOti8ni'l (prev1cJIIs!y 1)J.,nthc.'l7i.,maci."'Iwsni'l) pEusisted. J:n

tho vlei area at T4.8 which was 1~.A'ninl\t~dby P.aqu'!1lnum in 1~13, th1~
speCies rite1iMd while A..app.nd:'clJlatu~~ per~isted~ ;;.nd L. s..rtces be~'''n



52

illvading. on moist flat P.:tqtJ'11nWK and I!.elpense .ran, I.,$sric.a
invad~ dfreGtly w1thov~ P.•~~n$ii·$ pres~nc. (t~1swas SU9~6stad by

Granger 60d Kn t tckj ,

On tl,& cool $outh .'1d et5t, (t5pe~':tSwl~~hdMl)er sot l , ttl& dQtai1s

of :'Iet",.lchange varied frC'm Grang"tf's pred1ct'!v"~. From eXl\mining
12.9 and H.4, r.trtenar« end A..appe~·dicdatu$ did not rep'lace

E.mut: jells and A. ::"'li!llatlt, • .; T. tr tnnor». A. 4f)/Xfndtcu latus and

sOIMtimas A,.sttflrfalAta, (itt'i ,;Ad. ':oInile eitf1er H.falx 02.$) \)r

H.turgiduJUfIf rn.4) 'lncreased, \lthough f).aqIJ1I1m,.'M itwaded ill 'T2.~,

it WAS still infrflquent~ and P,.evanslj .ar,d l..sericlJlJ 'In'jaded tlrlf\

grftss':and direct lV without 'Lh~ in'lUlil 'il!fluQ.,r,6 of braden. in T1.4
'Wilers bracken was dom1nant, no Increase :rin(.!e 1913 ~jts Jote,·,ted tn

tne~e woody spec ias. P. quadl'i()7J1f11ftlJ and R. lfJdtfi!:l'f'i did int;ireM~, but
not in the predll"ted s~qlJfmcfl.

Ruch611roedIJrlt l{)tol1ano'ides v.id not fjr.ciil'l8 as Il'iI.lChas Oranger

predi .tad it would in the absence of! fire. r1na'l1y on si,~:low $1')0,.
'I

T. trtsrdr« 1M nut replace D.fi1;ti:)1ius; rather R.alters, fl. fill>: and
A.semftlla,tlf cUd.

I',

Other p~'edk:t icna

Everson \ 1965) s:.tqgest.d that T. xrteoar«, H. contcrtus and

r.t;oiCdtus deCraa$6 wIth time after fire, while ~.sl.'lMiS]lJtlt,
Ii ' ,

T. teucotnrt« and H. flJ Yx inc.rollse •. " tthough predictions about
r.triltfldrll (d.crea'Je)~ A.sfll'flial!Jta (relat'iva increase) and H.falxwer&

"veri fiea 'In 3.3.3, additional TA.atUl'e$ ,)f some srass spectes changes

through time were evident in other ,'esv.lts. Although A •.iIJm11l1atlt

increased relative to T.zrtsnar« 1\$ predh::ted, it decl"iJutid 01;'8",.11

(!)~a 3.3.l.0, ~ fe~ture shvwn ill Everson'", w(irk but not. disclJssed.

1'. teucotnrtx aho unol(J;',ct.edly decreased, while T.spicatus ret1'&ined
un, slanged, end did not t10Cre!1S8 as suggested, but HlJteropogcm

contortus did.

/)
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Ej.{H!'r'~.bl/ !'liP I.1f C IX lihbwing thl"l d.isi:ribut.ian of P~n'iiTl5:ii .nd
L.Str~Cfa in 1953, aft~r 9 years of partiil wlthdr~~ll of fire (Frc~
Kill ick :!963).
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fjQI:lr.~! 4.1.2. Ibpi of C IX "htHHng t.hft dutritiuhc:n 0+ PvtltlUU (/H "Id
L••fPief' (Bl in 1973, B ,eA~M "ft., totl! firt prrllction (.~d 29 y.a~5
.'tir PArt!.l ~ithtir.w.l ~4 fir.).
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Setondly, regarding l.ter succlnional SP4'c1., and their
i_'.

rel.t1onslf1p "'1:'11 current canopy doftinent" ("pione"r woodie.' such as
L~s.rfc'll) or other spec1" which er-isted in C IX befe,-, and soon
aft.i' w1thdrawel of f1;"(II), th41sa que!t1ons were posed:

a) What is the potsnt1al of later succrassional species to replace
L.s,ric •• canopy plants?

b) What is I.•s.,.ric.a's potential to be self-replacing and remain
(\ dominant in the "lo~;oo-canop~' situations ~h1ch occur lati'r in

slJcClsslon?

c) More generally, "hlra, and under ""lat c:~nd1tions of woody
stand age, canopy ,pecies composition and $tructur. are later
slJ(.;cessionalspecies likely to succeed 1n C IX?

Our-1n9 t.hese 1n\llst 19ations, the I"Jpportun1ty WIl. takell .to seek
evidence for or tlgainr.t Ki1l1ck's and Granser's hypotheses.

4.2 METHODS

ldlnt1f1cat1on of the Main vagetatfon chang.s $ince 1953 allowed
tho waooy stands to be roughly Il.ged for lat." use. Woody plot

posit1dl'l:l in C IX"ar. sho~n in fig 4_?.1, and described in .4.2.2 and
"4.2.3. TM dominant ve\j '11"1 present tn thl plot:} in 1953, 1913 and

198& weft determined from

a} K1111ck's 1953 yesa-tation map of C IX and hh: fifJ'1(1 not.es,
o

91V&11in Granger (Hr76):

b) Granger's 1973 it'Op and transect dlita1 ~\Od1913 woody plot (iata
(in th..Cisa of rtf"urveyed ptut$); and

c) 198~transect an'" woody plot data '{'(,~\re.lJf'veyedand
additiona'l plots (!SIt' 4.2. '3 for a descrintion ~f additional Dll)t.s).

"(I
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Tn. ... 1n trend. of woody .hnd change were 1dent 1ft~ frOf'
d1.gr~ of each .. r1•• of plot_ t" the three year ••

1M only woody plot data available frOM 1$73 were on the
deha1ti •• and Man height. of speci •• in etch plot. Qulll1t1tath~
descript 1on. of woody ~ iot changes war. tMr.for. confinftd to the!~

var1r.b',s,

Field technique.
Th~ Sx&lf!'~oody plots 8"(,,.yed in 1!173 ","e re-located whe:-e

PQss1bl. frOll 1nfonnat ion provided by Qr.nger (19i6 ~. '-u<;ause 119 did

not actually mane the plot posit ions tl1er. wu ::.'~,~ ti>rrnrassoctatad
with the resurvey il\04SI..H".. nU. The foll~in9 plots frOll 1913 late!'" <)

~.~urv.yed: transect 1, plots 1 to 14~ transect 2, plots 1 to 24;
transect e plot~ 1 tv 5, and 1 to 10; end trans~ct 7, Plots 1 to 9.
TM.. I)iots were contiguous except in n top section, where t.he 10-
t~tw"n plfjlf:.s .,9r8 also surveyed (p'lots 11' af1d 12'), and T1, where
clot 1 ~al not relocltad ~ut plot jl was surveyed instead. Other plots
Survf:yea in 1973 \lIer!!left out, i,)acaus. either their positions were
not recorded by Granger (trans;;ct 4, transect 5). or the1r posi.t1onn
could not be at all accurately r.~ocat~ (transact 7, plots 10 to i6;
transect 2 plots 24 t.') 2&; tranllect 1, plots 15 to 45).

':,

Within .ar;h plot, the he19ht And speCies of .ftch woody pll1nt
ta 1htr than S,,-:mwa. recorded. Plants Sl"al1er tllan 6cm !!tere not
inclJ-'.ad hecausl 4' Ls.ric,a produced copious se.d"lngs, mOlt of
wh1c::i1died n.fore 3-5 1."Y9a had bHn prod!lced. whan they wltre still
<5c"A\tall; and bL P•• vam:f1 31edlirgs smaller than ScmWire ~xt~9Mly
d1fffcu1t to find in tho thick sward - none were fOLind in th{;, <:,',' o)Ot$

saarcbad. Although not st~t.d in his th..sis. it seems fwid.llnt frufI\the
density! r.tean he1ght data that Gran~f' d1rl not count 86 1'n9~' )el;i~;J

ecm tall,



nata anlllY8i.

To tnt whether t.he Min h019ht or density uf the !;;'s.~;c.:J tild
f.t•• v~rt.ti 1n a ~".oup of P1OU had changed .1 ~n 1f1 cant 1y s inee h111,

the Mann-WhItney !J test. ~aJ used. The groups of piots ~r. based M
trlos.cts lnd the dominant lJ~getat.1oo w1"hitl transects (s~e -4.2.1.).

~eeul. forest pr;::-:'1Jrsor,,;U forei.t (later success ton.') species

w.r~ $t ill rare tn UH3. any 1ncrfJu. 1n abl.lndance was so tlbvioUI thlltC

flQ statistica; tfS~ we! requ'ir(jd.

4.2.3 LOCAL CHAIIQ~~ Itt WOODYSPECia DE.SImS; ~1It') :HE PP.(,;E!«( (teS8) ~n~IIT CLASS
sr~UCTURt OF WOOD! P~OTS

'\
Var1at 1011S in direct10n ancl ext"nt of d.r.';t~ cnlnge!l in \\ttMJ

r.surveyed woody plots wer. 1dlbi1t1fied, by d..scr-~b1ng t.helocetion, ()f

"chltnge$" along i'1 Strles of' plott. No st.atist.1eal t.st~ of tne \~
diff.r.nct!'l in species densities 111individual f,llctsfrom 1973 and
1986 were Pos!llble.

()

iI

10 dsscr t be th4t prlJl'81'1t (1'986) vet 1:, tlbal structure of 1111 the
woody piots, the species h.1;ht~<:lass fnqutncy di'tribut10ns of the

II

Th.. additional plot PO!;It'!,,ns were du1goed to provide e c~3ntrast
"to e)(isting plots and to t.est hypothases outl1ned in 4.2.4, and not. to

provide a full record of woody changes throughout C IX. They were
situated as fo11oWS:

/1 Sev.n contis.uous plots were placed in ttle north west of C IX

(henceforth referred to as the NWplots), within 0 ,~lump of L.:serJCII.

bushes that had ex1staQ at !elst since 1973.

"fhret grolJp$ of eight tont1guoua plots (pCot. A. 8 and C) ware

situated on t.h. south facing ,'Topa of C IX, in t .... pro)timity of :-:)()
transact 2 and transect 8, tn v«ry1ng .98d stands of P.(Jvansii.

Six plots we". 'Situated 20ta frOM the .nd of transect 7 (T1 to,",

plots), 111a mb.•d age lUnd of P."VlJrtsH.



\-, The height ·(,1....... US.n 10 t~l'$ .,ct if'!', and in ".2.~.~.r. as
1 ' \..1

\' tl.)(l~s: p1..nts 6 to ..9C111tall ({bC,} w.re cla .. ed as " ..eattnp; DlaJlts
i) t,

:'UCI" tv ;r;o':'1i t:oll (~HIO) were .-:;l.:.,_~'l1 81 !UYlall plants; plants 151C1ft

to ~$Odll tan «25fl) w.re ",'ddle-~1zad, and platltsgl'\~at.r an 250cm
~)2S0) w.r. 1jall ~hntf cr s.ne!<.tng plants in tt".• c~se of r.fJl;am.fL

Thes. halgnt-cla1$8S -lOr, c;OOPn t,_, rev •• l ttu m~ln "1ifll .:.::agea" of
, ·.H

if-':_ -> ,~:_,'

the w()()d~ spec1~~. P1ants 1..,,& ':h'm Mcm tall were 9'l10.ra1 J.I
,eproductively 1n1Utur.= In a lurvoy of 90 P.cv~nsit plant!, i:all tho~e

)80cm w.re to flower. White 9 out of 1) "lants ~tw(' '\ 6cf'ci:~and eccm
tall "er. flowartng, all 37 plantS<55cm tall- were wi .Ii!: JWln~.

Altnouih ~ survey WAS made, l.s.rlc•• was thOu9ht to show s«~~lat
pAtterns of flowering (Smith, per, caw). Small and IIIle' le'~s1zed plants

of all !pe{ii4S were c()f'Is1dered r.~n)(luct1v.ly 1Iatufff, ",Ilne tall
)I ', '! ".'l,',!

plants of P.~v"(J$ft wete senesctrlq. :a11 f~l.nt$iQf Los.ricBs and othe~1
s.peciea we!'" c0I1~1d9red (is 0)(ert1n9 th8V lnfluence as canopy p1,anh.

" ( .:. '.

4. 2.4 ~"Imll~ OFq£Cif~lm'H J uROWTKANDMOR1i\{llY Of l~~E'U~EA. P.EVANS1I jtlD
~.\i~"SutcmrIjN.~~SIlWfS f.il!!N WOODYPtOi$

Tha section attempted t.o 1d.nt1f.~f the patterns of woody plant

se,dl1ng recruitment, growth ~nd ~rtal1ty thAt occurr.d duri~~ the
d.voloPll'l&nt of standn of ""OQ(jV '.)ll1nts. 1'0 do thia, the r.iat1onsh1ps
between the locations of d1ffb\~nt densities of seedlings, small.
middle-sized. t...11 at,d de~d plants of differ.nt speci.1! were

i)

investig.ted. ?rellm1nary 8\lttuetions ~8re mad" of the h)'Pothe3.~
c!eri~ed frOM observat. tCl~la dur1np field work, using a sunsaMP1• Ci"! 24'~

p10':'s ('~he Al Band C plots). Th., h),poth.se8 were ,pecified 4l;

fvllow$':

In grassland on the south-facing sloP*"of C IX,

t) Lseri.:ett seedling density is pOSit iV€tly correlated jlith dead
J "

and saM.seing P.8vansif density. and ne9ativ.ly correlated wh,\~ 9n&u~
b10il'lUU and P.evans1i canOflY cover, and

~iP. 8'11",.11 ,~Hdl1n9 dentH ..'I is poni't 1ve1y corl'~18t\1d 'it1th 9nl~S

MOMIlss and car."Jpy cover f and ·fAi>.~t 1v.ly corr8lat~ w~th da'ad
P.llvltnstf donsfty)..



&2
L.Hrte. •• 6tdl1n91 wl1a 1f1v,5t1gl.t.d 10 ".2.3. The ~ro\Jnd-proj.ct.d
canopy tr••• ~f all canopy plants, exc.pt Prot•• species't were
e: . j~rt.d r ,~ canopy d1aMtan M.lured tn two directions. Prot ••

\i
pl.nt'l\~ h.d .ither spar •• and cfiscont 1nllool canopie., or "cr.., having
recent il~;,d1*,. An 8".ragll canopy cover of 1.01. waa pr•• UMd for
the;.;e plant ••

Jhe location. of the 'MlP1. t,'H' are 51hown In fig ".,~.5,SIIIP'.
11.::.•• wt!f"O as '011owr.: For L. I.rice. thicket, 10 plaut.; for scatt.red
L•••rtc.., 7 p14n~ for Ind1v11u.l L.ser1cea aMO~g P••qutlin~t 10
plant., for ttw .• ast "'idge Proto., 12 plants. ,!

II
'~y ~lot~ ('.2.1) with .r08$ of eloted woody canopy were also

\\

used to prov1o. .deU t fona 1 esttmate$ of forest and !)ACUrSOr speci ••

seedling denaitt •• vnder c~nopi •••

Data •.nal Y. i.

TM ... n dens1t.1 •• of' undtr·c;aoopy sPflc1•• ware C.:fculated as:
,eedling dens1t~ ;:; to~~J ..I)()_._I)f~._edJJnis fo..Lth!t ~p!~j~~

total are. saMpled

Question' on aspects of L. ,.,"/e•• , precursor or r"t"t" ,eecl1ns "
d $tr1but Ion wet. anal),!Jed ~~nfOll0Wl'S •

• ) To determine the probab1 ,lit ta~) of "lat.r" spec1.s 'Hdll~g,
',I

~"""lac1nll Lstlric •• Cllnorh' plants on tM1r d.4th, difterence$ in the
-~t.oof t.t.rtce. to tater species tVOdl1ngs were .x~m1ned. r~
IlJrv1\'al beneath L~..slfr1ctJ. canopte~, t')f ,2\ h1yh.:.r r,fensfty of U\(Nn
ifMdHng. ttl.n precursur or forest !l~edl1ngs, ip'i"'i 1·'1'1 t:l1"t there was"
9re.ttr chance of L. sertc •• corrt Jnu1ng to doonnato t.~t ~1te. A h1g~lfIr
density of 'or.a~ or t'l.1rG8t precursor s.e<tl tn~s, Impl1ed that 0.,. of
these plant., has a gre,tQr chI'HlC'i. pf t.c~1ng a oeanopyriolW'fimuit (giVen

'\

that "L S6IrlCBtf and other specie, ....v. ~u.l seedling (>0'':'''') &lJrv1val
\,.: ,

rate,,} •

b) re se. if L serice.'fI, reCft)it,1II11mt rate was lIla1nt&inedd~r1n9
stand dev.l~"t. (and therefor. whether \,h1. specuu was potent !afty
•• If·"repl,,c1n~ in dosed eanopy situat.lons ai'~i4~1. to r.u~1n d0lll1nant I',.',



\

q

Fi.vw'_ 4.1·lt DO.inll"lt >'-i-hUon in rI"lu"Vly.d'lOad adthtiontl '_Jlod'1
plota in 19~3. 1973 lind 198'., {[J. thud, Qt'ulharl, C"~ '.
XiH..,dhidiu q.,un 1), ... II"d. Ii]:. 'hI iii,,,, '.'fili.~., ~J .. You",;'
"'''I'It.ii, raJ· iO\II', ... ttru:'u, @ ... t~~r.1' ...f".U~i1'~· •• hr.,
L.Ut'1Ctl~ C .. "'t',y utuf. Lnri,Ij,. ~ JI hht .u,c ... tr-n~l 'r;."'"
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strucbre "'''r~ obtaIned in s" areas: P~ant tasa: (i.'~f~U(I\feref)r.es.at
20cm (for t!'l(l" '~lMtS. ~.'e~t.' \."nn Scm in circ~lI\fetence, and d.l!~
P.tlV('nsU) were! .ar.l,lrfld in tNt 1<, ~ and C pl<.'ts. and top NE i)~ots.

The ctn:),y Ilr~4S of plAnt,- 1n tne "-. a aM C ?tJtll! w~wp rri84~ur"d (bv

record1ng the cJ)no,y 1famet~!H·s. ir, 1,WJ ;jimenslcns nt rfght e",,9JaS to
each at.her), rhe qr"'~~ htomas$ present ~11eM.;h of ttl., A, 8 tnd (. plut~
l(f4S $st)lt1f\tedr oy h~tv:I;;'dng .ttl! 11\18 bi()l),ass m hho.!!, O.HHrn~ r;~rcui!!1

s~lIlr:;l&area In ~l\C'1plu;. 'tIIt:HSO!", Ht~,:;). t;-", $~lrt.~1e!tWf.u'e mum tj'l{;d

at 801.' C for tw\) oays aHa then we19n~h~.The l'MUUI dry .,,~i,9ht of tM 4

$ample~ pri)'ndl-Jd en tlstirr3tttl of ~r.,ss t\fcm.isS for eac:h plot. CS0(10f
1-' <,

cover .1:.,1a".: 1l'llRt~6 S!ra~.s !::11()4'!1.!153- are 9iv~rI in t,~.4

,
'>eeJlings t<·SU(,1\'It a'l l ) !lr.j the •.iens±ty (If attle,' sp,!d~$(mI9ht.'ch~,~es

I '.\

ln the tot.s , the log (" ~ 0.0 traf~<i;f(\f'I!(,er;!:;attt fn'!lY' !I.ll wO.ldy r,lot~

were s\lbjact. to the o~(,)l{Jrl\tjwy d~ta techniqu, ..s of cor re lation md

par t tat {.l1rre1ati'oll ',nai\,sis. 'fhe if)~) {x + 0 ..1) tl'arl~f()rl!'l~t~o~1W~r
used t~-obtllin d~u !;u'ftl'\b1e f(\~ :..:se In mu'(tlvar1r!to "naly:}~s: .~ftflr·

tram~f()rl!li,,' tho datli1 ton dlst!"'ibu~,1on 'Of If!l~~dllals o~'m"nWh*
I ;;:;1; e~'5ion 8n~Ivses Wi,r& ftlJrd ra)t to depart great ly rl'(I(I; Uhi'

aSSIJI'1~~ti,"\nsof) ncrma Py dh,Lt lLutud dutll.

OnC9 pr$~ib1e tBtatinnsiT~p~ Of't.WIt"l the p1Qt val·~t\bles t,ad l'I6el')

1d,mtH1ed1 l..fley \It!I'OII furtt1tlf' ~~!1ar'.~,.:;teri."~duSlrq t:lult iple fAgreSs.l0'1

and 8'.ttl1t1ve elelt1ent~ analysis (ltfh~Uaktu' 19~h).Add!thft ~1wnento;
atcs lI~ the 1r.ton·retathm 'Jf ntt~~ s:tut1,,::!':i<1~'1 mcd~h. sucn AS th~

gener~li'ed lintiUll' mor{"1, by full PlH't'ltio>dr~Q_::If tl'te nll:tdmised 109-
,'- , '; '. \~,-_

Hid11'1O(Jdr"'t~o t,es!; stathtlc (efi'e:::;t1voly the re:5liJul1~sums of
'>Q~lal~~~iuto addiUI(~ ",lAments. liplike stspw'l1e M:l'tiple rtl9tes:J,sintl.

whIch produces dHf~rent, r. ,,:Hon aquati()t1!S: dQpt:nding on the :,\('delf'

in wt:it'l1 the v~('i4blos !f:~.8nt.·'art. it 1,~etftJ~t:iV8 i•.,selact ;I)~ fr()f\'l

"-•..1I~,",b8r l''f pass.;h le va:' isb 1es, toos" '.~~tn· th;JJ9r,.~tl!h,..axp L1,natory

pow"!t 1'L 81$0 accounts for c.• .,-lfI'\H~~f'1t)' of. varj8bla!~, a t::or~ltOn



Gl

're!t1m. of b1010gical data. The ft:l1ab1l1ty of the explanatory paw.r

of vari4bies was alsr tested, where nocassary. uaing r1dge trace •.

for .. , f! Mc4 C plots, datal \JO gras:"-I bfomass and f., e~/lfnsii canopy

cover WHe included 1:1a se~,arat. ana1)s1s, to t.,t tho above-

lOO'1tioned hvpothes"s..

tstil'Ratu ~)f the dlstr:;l'l,t1on of p.~vtm$if t"I~.,rtai1t~.s.tmOn~
dh '~rent Sill) "lasses warp. nl8de. ~ild C(J4;)j)ared Nti..WU" stands ,pf

1,1

uiffnre:"t ~'Jes ~,~~deduced fn'ln maps, 1913 !I:t.ri~tl rht,toqraphS,,:ilrtnd triJ

stand c1n.tJ",f8ro~c6 and he1qht-clft$s structural. 1'n& f3ht'Jd1,sh1p

het'W4!t&nf.evlJ:l!<t ' \;.la~41clfc""feren(;e and plAnt heigf'lt "<l" oe'Scr!bed.
n

Patterns (If' t , s4dC"(t1,jgfO\IIth tlnd IftO.'tal1ty were deducad from

$t~nd h91gnt ·::l~ss str,Ui.,;lllres. further data on sH<:tl1ng mo~t~lity
oattfJrl'lS WGr8 obta101)Q '!'rom frequem~l's cf diff'ent(1t s tzed ::::eedlll1gs

in t.h'3 \ll\clnit)' of tpa.r~nt' pltmt1S in Itarious. loca'iit1'1s.

Btc8V:.:ie '.ltGI· S!JCu8ui':lnal s~c1"s of' taller sile~(;'ja!$9$ .ar.
not yet abu;1dimt 1a, C IX, few qu~nt 1tat iv ' de.'1cr1pt ~"lI1Scould be ,!!ade.

Duscnpt .ons of obServed t;e"ds wgre ;:!1'1en "h;~re pOSJible.

-4.2".5. HLRUI;~i£MrPAHUN~Or l..SERICEA, ~O~fS{ :<Ri:c"PSOIi 4~OForeST SPW~S S£EDl'II~~
8~~E1,'.Hn~crv P~A~~S

r~8 Sln!lH s,,:np1e s)zes in thi!lS 59\,1;101" precluded ri3Of'ouS t.estlng

of the ;)ll'Ser'fad d1ffe,,!n.:~'$ 'in $",d11ng delis1t1es" but a'ilowtd the

(t;'(I\'ilil1l).tion of ·:lQll\B+e~tt.lr8S of th~ spat1a~ fUltterm~ of seedling

n~cnhtHnt wtd(;h would rlv!u\1.Po5sib)e success lenat c""flnds.

F i~1d teet,!n iqUE'S

A ;",UrvAY WU mode of the woody sptlldes growing under the
,~aotlphs (~f a Mmpla ()f "(.aoopy" tnt... lrOWlnp Hi C IX. Canopy pl~rts

~t,1ch hftd woody i~nt1~:Jy,precuracr 81.J f'ort.~t spj;"~~$ gro,.,1ng beneath
I • ~'F

thM ~ere of the following 'pjtci4ts: L;'SIII'U;tta, Ph14M{JUS prunotde«,

PfDtfJ~ ctfffra and P. rou".J HII •• .and 8uddle11! Sit Iv! tro hit. Ev1dBnce

frorJ ".1.4 ~hO\rI.Jthftt P•• ~sn$1" did nt')t, actH.l), influence t.he

n
"

recru It-ment of f~rest. or p".cul".$Qr sPflc1.e. and iU 'lnfh'er.ce on
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03 (f'
in C IX durlng lat.r succession). difference. in L.s.rfcea a.. d11ng
o.n.1ty during stage. of L.sertc., ,tend dev.l~nt w.r. t.lted in a
Kru.kal-Wa 111. one-way A*1YA. The .tll," of stand deV.10J)lllllt Wlr.

frOlh shrubs .catt.f~ In ~r4ss1.nd I\re •• " to 1ndlv~dual shrub.lIIOre
clos.ly spac.a 1n a P.cqul1 In,. .re., to closed canoPY f..1.r1c"lt

th1ck.t or scrubland (data frc. the acatt.rtld Los.ric.at the L .~rtCfl~

thicket, tM tnd1v~i.1ual L.$IIrtCflll and 11 (5 plots), re.pectively).

\\

c) To deterPIin. ",'_re lat.r successional nP4'C11Sare likely to

succeed in C IX. tr.es with different dOMinant cOOOpy spec·le. war.

eXaMined f~r d1fforence. 1n the density and diversity of later
succession. 1 .;.p~dfts.

443 RESULTS

Fig 4·.'3.'·~shows t.he groups of woody p1ot1 and their dominant

v8getettoo in tn. threo ye.rs, 1953, 1913 and t~6&.

Crllllg£r':s woody ~flotfi rad been plac.ed In trellS of taller existing
t,loUdy ~lanhJ ~iQ thlt hts siMples ware rest.ricted to the lower $OlIth

sl:,pe I)f I~ IX '1;'11areas .bo~t the stre.s. and did flot repnt •• nt the
whole of C IX. the addlti~nd ;:,lots include SOllltt sitQS w!11chwere not

\
There W8r~ four It.ain ~eqUMces of .,hdtlgo: Tho first invniv;t({

gra~sl."d ~r.'"above the main stroam lr'i C !X (se. Map of plot
pos1ti9nl in 119 4.:~" 1), \lhert; P.f)v.ns(i (end sOIMtil'M1$ P'.4qui1inum
in"ldtd 8nd gr"." to produce MAture stl\nds, which war. tMn invaded b)'

I' L.s.r1c.a. ana subseq~II'nt.ly forest an~ forest precur,()r: species~ 1"'.

3econd sequenc. 1nvolved "'lscsnt/~(,I'c.".ns. 1l0000in'.ted areas where
L,s."''i,~-jAinvaded, with or without: '~.(jvllnSf1 t41ng presont. "later"
Gvct.~!sa1on.l species then apPttared. The th~/cC tftquenc. involvcK1 the

Ii,

dir.~'t 1n"a\lion of yhfltNdIl tJr&l~l.ndl by L.slfrfc.at. '1nrithen later
succ.5s10na 1 spec1",... Th. fOurth stlquen~. (~currftd on the stHP bar"ks

\tIbove ItraMS, WMr.. Ls.ric".*,.)(1a~ed before 1953 (s •• ffg .4.1.1),

"net continued to doMinate, Although 5.OM lat.,· succ ... tonal woody
~ l

Pl~I·lt. apP-"at"8d. Eit1fnllt." of !'Ittl'd,,~ art given itll1pP8ndtlt 4.3.1-
n 0
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-4.3. 2 OtE~AlL TRENDSOF DENSITYAMDMUM MEt8HTCHANGESINCE 191J

4.3.2.1 Change", in ovarall chln.it; ••

o L.s.rice. incrflased .1ao1f1cantlt tn overall density tn r 1, T 2
bottOlft and top area, end T & top area (P>.::l arG 0.029. 0.005, 0.013
r.specthtelyf. P ..... nst t showed no ~19n1'~":tlf'lt ~v.rfili chanaea in

';

Clensity in any, of the arenl. Result~;of ';,1';:," ;~I"H/)), U tlsts are given
in append'fx 4.3.2 I.) and 4.3.2 b).

4.3.2.2. Charlge. in overall mean neights of 8~ci •• tn
woody .tand.

1 ...... 1

io T 1.. and the f 2 bottom area, the Cs,rfe". standi dGcrlastd

in overall. moan heIght (P>= 1. erG O.01!l and 0.016 respec.:ttYely). ,~n

other .reut ttt.fl ",ere OP sign1f''t'c.nt chang.s. P.4"'I1Si1 snowed no

s1gn'lf'icant chins •• in, !overall !\~.nd'~19ht~ .xeept for a MArgin,,,l
1nCti'ill. 1J'1the 1 6 to) areta (P>:; Z, (~.051). Results of Mantl""Wh1tneyU

test.a'lare given "n appendix 1.. 3'11 c) and 4.3.2 d) •

•• 3.3 lOCAl raAifm IN COODYSPEctfS OENSnm; ANu Tli~ PRESEHT(1986) HEIGHTtL~SS
ST~I.iCTUREOF ~OOD'f ? .OT!

I)

Fig 4.3.3.1 to f1g 4.3.3.4 show the dttna1tfls of woody ,:,lantsi~'
1973 and 1986 in the resurveyed wQOdy plots; fig 4.3.3.5 to fig

4.3.3.11 show the he1ght-pla., structuras of the rasuryey.d llnd
additional plot&. &estr1ption~ of height 4nd d_ns1ty chang.~~ and of
198A plot height-class structur,s are given in appendix 4.3.3.

Changes in the d\uls1t~QS of species other than tM two pionHr

woody one!:l are given in table 4.3 ..3. RhMtl1uSpruno1dfls has increuftd
the moat. w1th. Rhu3 dtJnt4tll lind Oi()sp.vros Itustro-Itfric'n~ next. Counts
of (~uddliiilJ setvt trott« m~y be 1naCCl.lratll: In tnr.nsl!lct 1 this $~~"S
produced nlw sprout!. vegeUtively, 411U ind1y1dul'.15 (ould not: btl
separated. 1986 counts in plots i3 !nd 1.. 11wc41v4td planh til h=)r thIn

\) 1monly. ~ey.rtt..l.ss B.SII1'17'!fo1i!J d1d not .p~lIr to decrees. in
pv.rlll dem~1t.y in trl1ns8(.t 1~ b~t rathtL spread to plot 12 ~nd plot 1

(I

('t\8f; fig '\4.;).2. 1).,

,
(;'



1~p.l~_~_'!.~..3 Dens1t1•• (no. ptJr transact) in 1913 and 1986 of later
lucc.n1.Qna1 lj:l4tc1•• in ",.slI'·v.yed plQts in C IX. cCC> '.\-------~-------.---------~--~--~----------~-~------------.---~-SPECIES YEAR 11 T7___ .... .....__ .......... ..... , ...._"". __ "",..... .............._ ...... _ ........ '_ ...... _.ioI ....__

R~us #runofdes t1~, 1 0 0
~81) 20 0 24

o.&u3trc"africIInU 'i3 6 0 0
'{'$ 24 5 11

Rhu.$d.ntat~ , 'fl 0 2 0
'36 19 1 4-

Eucli. n~talgns. '73 0 0 I}

'ee I 0 1

Cdlpurnfa .pt). '73 11 0 0
'86 20 0 0

Ha) tert« h.cfdit '73 0

Ii
0 0

'86 e 0 0
Het"romorpha

trtfa11at. '13 0 0 0
'86 2 0 0

ScoTopia mundt1f '73 0 0 0
'81S 1 0 0

;/

D.whyt,,,na '73 0 C~ d 0 ';'\

'M 1 U d' 0
_ ....' ... ~...·..• ..r'~_ .... ."""_...__ ...... '.. __'__ .. __ ~ ........... ''''' ...__ •. ~~_ ........--

l-~')
,V ,./;

,/,/ ,
4. 3~. PArTERNS OF RECRUITMENT. GROWTHAHD MORTALITY nF t.~ER~~~, P.FlAHStl AND. -, " . -- \1 . _ ..

lATER SUCCESSiONAL SPECIES 1M WOODY PLOTS

The 'results of correlation a1l111ys1~of the l0!:11o height~'clI1$S
densities of all the plots is p,".sftnted .,in appendix 4.3.4.1., and for
the A, s, el1d C areas in append,,,,, 4.3.4.2.

4.3 •.4.1 1...ser7cea t!~ud1in9 recruit.ntent
4.S,4 1.1 All plots

1",1 t

1,\

Fr(~ all the woody plQt. I'\.ta~ it WI\) found that L,.He,.
seedling density W~~ ponitively correlatld with the density of de~d
P.rJvansti and senaseing plants (Pa>250cm), and n',9at1.".ly corral.ted
with Sl'l'!all P.tlillInsil (P.<150~..I'I'I). It was also ;KJS1t1vtly((cor'r.lated

w1Jh the densit,y of I..s.ric", plant! of <160(.mand <~50Cll'l(appendix

".3.4.1)



ae
A.1together the .. flYe v2triab1.s cctounhd fOI" A1.88' of the

var1at1on in L.$e,·fce. ~11nQ deno1ty. Additive .1QM8~t. analysi.
however J 1nd1catoCl that non. of them had any great u;,1que,\explanatory
powar (tabl. ~.3 ••• 1.1.). In fact, th~ S~ of vari4t1on uniquely
!ct:ount.ed for W3I just 23.396'. ther.;f~r. moIJt of the MOd.l'.
var ~4tion (38. 4g~l) ~as eh.red in some ..,ay bet'IIIHn the five.
N.vtrth" ••I, uSi11Q I r1d~ tr&ce it was shown that wtth the exception
of L1~50, the variable. held their .xplanatory power tht'ougl", chanps

in theta. t")nf'l""t~1J the above r.lat10nsh1ps and iOft"tifyl"::: thllft III
\, "

su1tabl. for inclus',otl in th. lftOd.l .xplain1r-j t: ••• rtc•• w.dliug

density •

....I..abl. 4.3.4.1.1. PftrCflnt.'~ 0' tM total vIlriation in L,sehcH
. '>c._ w, ,. __ ,' ,_ •• _ ~ _ ,,- ,.. ," _ .. '__ " ,

seedl1ng density (Las) a.cccunteclfor uniQuely tl~'each of f1v.
explanltory variables •
... _ ... _ .... ...... ,'...... _ ...... __ ".. .. ~._11.-........_~ ~ _, ... "",,_~ ....._~. __ w; .. _ ... __ " ..... __ ..... , ... '..... _ ......... _ ....

EXPlAHA10RY VARlt.8t.E PfHMAHY ElEMOOS:" of variat10n
in l.<50 ur1qusly exrla1nf',~

_.,..,_.,.. ..... ..... ~"'_ •. _ "'·_1 F .... . .. ~ ... '_· __ I ... "·f ......... '__ ... ..,. .' .............. __ ..... ""_ ..... _ •• , __ ~ •

Dead P. ev.rs11
san"ei"]' P•• Vlin$f t
Small P.'f.!-yansii \\
Mtddle S 1 'lid I..serictlll
Small l, .erice«

S.153
2.45$
5.236
","594(N.5)&.955

\'
"

HODEL~ 61.8811 (If totan:~ar1ation-- ~·---··-----~·--------'-~-~----··--· ..---..,-\r---------·._-_._-". ......._-_.._,.._-
:~i ':I

Ther·. lS no .vidence her. that, in gen.ral, seedl1ng densities
at'" lQ1111erin areaa with tan L.s.rjc.;8t!'s (closed canopy shrubland).

Ne".rthe1ess, L.$Brir:Stt seadl i'19 r«r,ruit.f1IO,lt beMath its own canopy ~a

1nvest1satad '"in 4.3.6,

4.l.4;1.~. AI B '11~ C plota

The corr.·lat~on matrix ;)f data ~:rOlt ~reas A, a, and C indicated

that L.ser1.::eiJ '88<111"9 density Wft~ ,~orrelated r:ollJ1t1v.ly with that !)f

de·~d P.• v.n$1t and negat1v8iy with that of smAll ones (Po<150clT!).
'..' ("_ .

HO\tl::t'lJr, because P._itVlllfS if cecnopy cova:- and th. d41t~:1t1.a of sman '~itd

m1ddl111tsize!:! P•• W'#SH wer. I'll 1nter-cerre 1t\ted, partial carr-alation
.n.ly&h, "las us.d to det.rM~n. which ot the three to include in the
~"\del explaining L.'.'·ir..~.1Jse~dl l"g d.r~s1ty. 3111111 P."v.n,ff (P1150)

",al ~he MOlt h19hly corrolat"¥3 with L sertce« ,..dl1no ditn!'Sity lod

with stand t:anopy (:ov.r, so it w.~ chc)".f1 to include in the r'agrt,uion



~1. P1150 ~ould be $U~~t~tuttd by ~1thtr of tr~ other tW(p
var1Ibl •• , with on1)- a ... ll loIS in Glxphm~tory powei'.

The contr1tx.tt1on of d.ad and small P•• vsnst ! to the vadatton in
los.rlce. seedling c.Mal1sity 11 given in tabh • .4.3 .... 1.2. ihc MOUnt of

variation in L. soric., $Hd11ng dens1ty (73.24') accounted for wa.
large. The lack of .ithe,· variabhl. having a large unique .xp1anat~ry
pcwer 1nd1cftt~ that trflre w•• colir.earity betw.. n tl1em, 1. they had
thl same relationship to L.~.rfc.a seedling dena1ty - th.y cou'd be

ji -;

$ubstitut~ for each other. oead P•• vlJns1f tlowever, ha.d the lar,gett
ui11~ue c.ontribution, ilan~ could more reasonably be USf'd 1n")"~x.pla1n1N(
Lssr1r;.l': fHdl1ng dt!!nsit),.

T..~J.~~.3,,~~.t~2~,Addtthe .1N1'1elltsobtained when r.,gr.~s1ng dead
P•• v,n.f1, Mall P.ev,mI1i and ,rass b1oma.. on L.s.ric •• ,\1<1d1109
densit.y.

Source of var1at1on ss % of variation__...'...... ..' ••_"",~,,, ,,, , ,, .t ..._""'__

R•• 1du3l 33.13
MQQEL 92,31
Pri~rl, eJ.~I'l~~ (U.N.Jqt)I:Q:
Dead P.evan.1t lG. T7
Small P.av.n.ff ~.e2

~6.7&'
;3.241

15.20'
8.46'

S"~9!lcJ'rl~~!~l1t•.(SI:tA~~P):
Dead/small P•• vansU G3.2U

-------_ .... _-_ .. "" -, ...---_ .....'_= .,.-"" ....~----"""'y-."""'......'"'--- .......,-- ...--- .........-~-,.......--- ...------

Fromthis analy!\is, it is avid.nt tn.t L.ser1clIl1 seedling den:r.1ty

iller.u.s as the d'"si ty of dlUldP.tlllnnsif 1ncreuls.

4.3 ..... 2. P•• ,,"nlJii .eedling rO'.~r'u1tntent
",1.4.1.1.. m plGta

Ii

Trn. correlation ",a~rlx I~CNtt the:.t P"e'l,l.tnsif s.,id11ng densities, ,
were pol1thely c:orrelat(!d with Stl!al1 and Rl1ddl. iUed P•• van.H.
However, on 1y 31. 12' (If':the var iat ion f n, P. eVlIn.:.. t ,I' s •• d 11n9 denl1 ty 1n
aJt the plots WIS aG-:::ounteafor ,by these t~1)v~;-1ahl.' - 1~.G8"by
•• p Ii". 1.e6~ by "'1tjdl.-.lt~lti.1 P.e ... and 13.11' 1-:;shar,ed. Of the 1/

"er-table. eXMlihC;d, $MAll P.,'1&nsit ®nt1ty. Ot ,. c~~,nat~on of the
t\,iQ stt. cluse. (p1anh of 50 to z50(.'IJi ta10. would' provide the best



ea
"explan,t,1on" of P.llv.n,H ,eedl1rl, can.ity, but clearly othar factors
not stud18d her. we"',..alao deterMi~1i1g 1H«1ingdensiti.s •

/:.r

• ,1.4.2.2. AI I .IIef C plot,

P.av.ns11 l..al1nl dlns'ty 1n tnt A, B and C plots wa. correlated
po. ;tiv.ly with gralla b1011Ml1Sar,d the '~f.",s1ty .,f Slftan P.tI\I.nsI1, and

r~gat1vel) with the d.na1ty of d.ad on.~(appenJ1x 4.3.4.2). El..ants
of thf' SIa' of S\:Iusrll of the r.gre.aioll I)f thl'ss to variables on
P•• v.nsif sHdl1ng density .r. in tabl~ ., 3.4.2.2. Qr~~:;?b101N1!I hid

the great.at pr1mary .l~nt and ,. small.st secondary element,
identifying it aa a variable wit! he MO$t .xplanatory pow.r.
Colin •• r1ty tt.t",e.n dead and lIN1I P•• v&n."" lola. s~n by their large
secondary .1 ... nt, and only one could be used. in the regrt5s1on Mod.'.
The bt~t;. cho1c. was WIIall P.evan.11 which had a _,,11 •• contlary

')el_nt with orass biOlllass, and ther.for. had $CIIMt add1t1on.l fJffect
,\

(1.~. explane.tor)' PQ1ier) ot; p.ev&nsii iutedl1nr; de~u'ity.
-, i'

r~!)'1~.~_~_3..!.~.!2.!~.!R.su'jts at additive elements analtsia or the
r.gr.as1on of logged dlllad, 61ld SlII811,P•• vansff on P•• vansti ~.edl1ng
density.
----------_ ... _-- ----.------- .'"*' ....... , ........... _------------_ ....... "' ••• _--- --.-------

Source of
variation • of variation

---- •• ... _ •• __ ..... ..;;~_ .. ~ ..... .... ... _ ....... •• _ ... i..,. _

M()P~L
Residual

28.{)8
35.02

Dead P•• v,nsf :
SMa11 P•• vans f 1
grass btOMII

1.14
~.51)
~!.•!2

Dlad/lM,ll P••~'nsi1
Deali ,p••• /gr.SI
smal' P•••/Qrass
I.E.~TJAR:{..~~~;~T,Uh,&lr.~.l

d•• a/.m." F.~~I
gr'~3$ i:l1oma''''
TOT.~: 83.1a:J"._,.'a

9.7 i;

5.14
-l.25

15.042'
8.15.
-1.~8~

\\
\\

". '....._~.;;o.""' .... _. ..... __ .... "'""_ •• _ .....---- ...~7;.---...,....------- ...........~.....-r.,.-------- ....--·
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o
4.3.4.3. for •• t pr.curtlor and fo,·.at .peci •• H4tdlint
r.cru1UMnt

The density "r "othar" (for •• t Ind precursor) specie, seedlings
wa. po.~t1v.ly correlated with that of tall L.~.rfc.M (ls)250). It WI,
also ~'1t1v.l)' correlated with 1111ddl..... 1.t1d L.s.rlc". tlanlitYI an:1
n'$Il1tw.ly C.:lrr.lated with tl)tal P•• v.n.'It denti1ty (appendix <4.3.4.1 i.

The•• thrM \l.r1abl., accounted for S1. 7' of ~Ari(it Lm. in the demnty
of "othor" :apee1.s: Uniquely, tall L.s.r1c". accounted for 1~.18',
middlr-siled on•• 4.1~'. and total P.,v6nsff dena1ty accounta~ fo'
'~;t.2.'. TlLll L.s.ri_;,.. shared just ov.r 11' of ,he yar~at10n ~ith both

totiJ~ P.ctVMnsff denstty and with middle sized L.!,.r1c •• density. while

only 1\ vory lIIIall _":'Jnt wa. sharta\1~tw .. " those last bo v.rinbl~:~

I, (O.002~l This 1!1p1i8' t.hat taV'i Los.ric •• on its own could b~ u'3ed to

explain lllOtt of the mod. 1's var~at1on <47.~;l).

'" • 3 _\14• 4.. Growth and mort.l ity of I).Bv.n. j t durin9 stand
d.~t:lopment

Tha corrolatiQn matrical (appendix 4.3.4.1, ~.3.4.2) I~ed that
the densities of P•• v.ns11 seedlings, SMall end m1ddl.··sized pl~l~ts~, \,

art correlated, whereas these height-classes ••-0 un~corr.·!ated w1t~

the dens it it6 of 18n'8c.1 ns .nd dead p, .vans 1t, Fn:.m th 1S 1twas
hypothai1zad that in C IX, P.,vllnstt atand ciev.lo_t~t procMdftIJ in

"phasesh ~f stand 1n1t1~tion, growth and then st4nd mortality. In some
areas e n~'1 cohort, Iftay have be~n initiated among the remal!11ng live
(sanescing) plants and d.ad wood of a former stand, resulting 10 a
~11Qt height-class structure where intermediate height cl1>.sses ar~
missing, and where the densltie. of older plants are un-corralated
~H" those of the new recruits (.g T2 t.op area, f19 4.3.3.6). In other
an't\ ~ of uld standi_ I nflW "wav. of rocn.ftment" would have not yet
occun'4t... !,," fig 4.3 2.11 t Are. A)

_,;;>
,- - ,jL._

, .. /' ,'---

Ev',den::e of th 11 phaa te .t.ii~-!~.....lOpmeiit CONS front 111\'1 :;~~.~~ try ,
data of tha A., Sand C plata. F1g ... 3.4 "hows how young $tandt (~r~,,"

,) ; 1"-

a) have hi5lh densities of tIIIal16r plants, low.~ ,~.nsitH"'l ,tf llrg41f:)'
plants ane a virtual absenc. of mortal1ti"? wh,.;h are c::onf1n~ to
smaner plants_ Stlnds a.t a lIlt.r pha", of dfw.lopelllnt (Ar.a C,
excluding to. 11rat ;:fCot) have h1ghor dans1t14oiJ'of hlrger plllntt. Lut
stl1 j hIve ... ny SMell plant •• Mortfl1ty 19 still n.str1c:tad. The 1•• t'

'_, I

r,(
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(.nas. (Area At f1r&': p !c ()t Ar C) is r.hftrac.t.r1Ze({by man1v. $t~nd

IIIOrtal1t1 .. in all aiz d .

Th11 typa of stand d8v~1~nt seemed to occur in er.a, invaded
for t.M ~il"at t1_ by pur. i'.•van,11. In M1)1.ad L.,.r1c •• -P•• van$f1,I, "
ecnibland wher. P•• v.mJf1 PQ),)ulat1ona e.r. older] they a~Clil'ttd to be

•• 1f-,..plaetng at low dens1tf'", or dwindling at .. sl<»f ,rat. (8g 1'1,
I

T2 bottOM area).

'.1 fhe t.'at 1onl~, tp betwHl} :p, .".(,3 11 height and basal c1 r-:URtf'&renc.
r i

f1tted alMlitipl1cat1v. MOdell,r'¢JrcUftferenc • .:: I! X h~tght x b. The

cor',~ lation coefficient 'illS O),{l""

II
II

'jOe",
100cm
1SOan
:t'OOaa
250cm
300('.jf1

est.1.81cm
!i.Olea
~.08CM

13.85cm
19.21an
25.1(,;Jfti

1\ ;

I'L'_I

.....3.4.~. Growth and mortality of L.a.ric •• durin\J atand
d.v.1oPflHlnt

In ~ontr~.t to P.• 'tI,~.1f, !.serfc •• stan~s did not show sudden
mortality at later stages of ~tll'ld dev.la_ntt but rather a' at~.dY
decrease in the mortl111ty rate as plants g!'"MI taller and the stand
thfr,HId out. During the surveying of the plots. only four dead plants

(two <150cm. two >250em) w~r.round•• 11 iq transect 1. The vas~
major1~y Df a.ath$ in L.s.rice. occurred dur1ng the 8stab11snm.nt

phase of the plant,,) l1fe·cvc;1.s. (Counts of seedlings <50Ct~taU,
includ1ng thole less t....'.l'! SCMtall f ~er" mad. under tM canopies of 5

1.•~.r1c., bushes. SU tllings <6Cf1toccurrlbd .t an av.ragq density of
, \.' I

H.G/JIlt about 30 t11~._;"~!Itn,.r than ... d1ingl above th.-l S1l.). Deaths
cont1nutldto occur 1h'~;1~t~laller plant. as the stand ag•• , resulting)r I)

in a 1.ter1c •• shrublant.! with a r.lativ.l~ low densi.ty of tan pl~mts
which can ~ Quit. long livad,{a Los.rices grove in C IX c::onta1l'\s
phnts olOllr than 40 ~'bU")'



()
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•• 3.4.8. Growth and -..rtaUt.y of later 9u«.eaa1onal\\ epee""

Excer,t for , ... 7v"J~oi1•• few Clft09y pl..,ta o! late. lucc .... 1cnal
.pec.... WI,.. found in the woody plots. Either fufftc14N1t t1 .. hal not

.1at)Hd for theM to grow, or their ,r.lWth ht& bMn .lowed by unde"··
canopy condition •• low light \llould pr~abl)' be ~' reason. Ir. u It\h'ly

of the l1."t r-.u1r8lll8nts of neotrop1(;al tre .... dlingt (Au,.purger
1914) I it t~U found that of fiftHn lpe(.;1.S, non•• urv;vtd bettar in

o
th1l ,hade than 1\'1 th4a, sun, although shade-tol.i an;. varied. OIJrlng

'I tha .. au"vay., llO mortftl1t1es wore recorded IlQOng sunar later
.ucc:.,.1on.l .pecie., but in clohlCi canopy an..... bout 16 a~d T1f SOIM

o'.d or 'dy1\'1g' Ofospyro. lustra-african" were f(filM.

".3.5. R£~~!Tlff.~r PATHR •• Of ~!J£RIC~. FO~EST PR£CUUOR AN!) fQRESr SPECIES SEEOl:MSli
IElfATM CAMOP1 ptAIT8 ,I

c> . "'/

4.::1.8.1 Tt.. pro~bi1 iti •• af for.at r:)I"acur.oror for .. t
.ilMOi •• r.plac:it·u~c."~~ L. .. rice.

The ratiol of lator iUCe.~';):,·"'m"t IJ)8Ciu, s.edl~nSJ' to I.• ,.rice.
&€.3d1ings in d1fferant sged .tlnde were ~I.edto 1ndiCftlt. the

probab1Ht'i •• '1f ~ L. •• r ice« being replaced by a later lur.ceuional
speci •• on itt death. T~ rat101 are pr •• ented at ttw .',1d of tab'.

\1 ;i
4.l.5.1. Mo.t .tands ha~ 4 rat10 abuve or near one, 1n('l1cat1ng ft 1$
likelY th~t .f.i species other than L..rice. ,,111 "'.phtca a canopy

'-e'

L. sor!« ••• Scattered 1.. ser t«•• end the s.1-clol8U 1/(i1j.tat ion of

tran •• ct ~, bott~ Mction, showed the reverae trend~ t..s/lr1cclJ is
more like1y to replace it.elf in theae s1tas.

1\



t.!lPl~L~~~ .•.~.J.~O$Il.1ti •• of , •• :j11ng~ ~n •• th L..I.ri~.d. ce.nopv tr•••
In ve£etat1Clns of different phfs1CJgr JffIy:
t 1 : tran.ect t , plots ~ tu 8 - clos.d canon- mature Lel.!<;os 1,*,5
$crubland;
IT : L.uc:"1s'fd •• th~ck.t, 10 iTjd1vldu~1 Vets in clostd ca')opy matur.,
LeucostcMa scrubland;
NWC:: North-we.tarn buSh cl..JlftI), plots 1 to 7 - -.;lose<i cal'lQ~Ymature
Leucos1d •• ClUMP;
T7 = tran.~ct 7, plots 2 to 7 ~ almost closed canopy matur_ L~ucosfd8'
scrubland;
IlP = 10 1ndiv1dua'j trees in, open Leuco$fd".~'''''tllrfd1um veld;
Sl = Scattef'ed l..u('091d.1I, 1nr:1v1duahl, 7 tree:l .n HWof C IX and en HE
ridge below the W~ ;
T2b = transect 2 bc,ttOlr. s·,,:,~lon, 5 plots _. alJnOst closed canopy
L.ucosfdea-Pnil1p~1' ,cruuiar.d;
RT = .!fIftf1(1! p,.unofdes thicl(.8t, 2 p~ots in closed canopy RhIlMUSi-
L,ucosid'8 shrubl~nd.--------_._--------_ .."",.,.,.,-_ _-- ".-- -"""--- ------' _-- ...,~------ ,------.---

'n LT NWC T1 !lP ~L T?b RT
ARfA S.\MP~EO m2: 1~~ 10(\ 115 150 95 64 l!-O 50

\\ PftYSIOGNOMV: r: C C 1/2C 0 0 1/21~ C
58,,('n fng s!le~1.s

«50cm) Seedling d.nsity (No.1m2)---_ ... '-_ ......'" ..--------- ......--..._------_ ...._-_ ...._-_ ..._- ......-_ ....__ ...__ ..._._ ..'" -_ ----- ....._---
Dio,p,kro!t
IJU(;tro",fr1cana .032' ,028 ."11 .03 .39 .2S4 .026 .02
Rhus dent,t.. ,104 .l)O9 • Qv"1 .071 ..007 .08
Rluwmu$ prunoidflJ .032 .047 .114 .127 .074 4.46
Fuc: I., n':''''e,,$. Is .008 .esr "'-;' .36
ftlart.nusspp. .oaa .34
Ca1purniIJ.
s"rfc•• .084 .OU9 .01
Hs.l1lJrfa lucid. .O6( .028 .006
HeterOfl'lOf'pha

trtrattst« .Ole
ot tnt« .IJrgin.ata Nu2
Sco1opia mundtli .008
Or'ospyros whyts.f:a .o~~
Celt Is afr)cIJml .0')3
Sum of ciemdt i~'S: .U2 .158 ,32 .1&4 .4?4 ,341 .03:; 5.24Proportion of
ot\·~r spp. to L.sftric8lt
$J,;. 11ins,,: I. ~S 1.01 1.89 1.63 1.04 0.41 0.05 6.09......__ ...--_ ..._-_ ......_" .."''''. ~....... ---"' .......... ~- .~-------.....""-....-----",,,------ ..~,...--.....- ..--- ........------
4.3.5.2. Oift.rencea in L .8B,;CBIf re(.~r'uitMent {'at&
duf' in$1 atl!\OQ dev610pment

The dens1t 1es of L ser,;'/ceasl!edlings beneath dosed C4nop~'

1.• serfctl8 vlget.ation were Significantly last then tho$fj ~.neath ~pWn

L. ser1cell \las-t.at ton (df ~ 3; li ::.-8 r.209; f,) c .0001). from the

K.ruska l··Walla OM" t.16Y AHOvA of four antiS of L.stir tCIIS vegf!t!t inn

(two r.prl~.ntin9 l~t.r ~ucc'5~ion41 clos.d canopy scrubland lnd two



reprel.nt1n9 .erlie" suec... tone l , open vegeht10n wii:.tl scattered
tr"fl} ,

i)

followl~
Me.n Ls.rice4 .Mdli,PSl densities for teach sam~ e are. w.r~ as

~ ~

CLQSEP (;ANQPV ARE."~
Transect 1. ~ plot,:
L. ser1ce. t,'••s in thicket:

O~gN (;~N()PY ,,~~~~
Isolated L.serj,.,
emon;. pt.rldllJ1W;.
Sc~tt~red L.S6i1c ••
in g"ate:

.SEtOL1NG OEf'oISH)'
C.218/",:
O.157/Jftl

0.45/m'

O.83/m2

Hean L.tflJr·!cclllt seedling densities fa, othot L.st;rf<:'fI areas 1o,I1.,re:

C.~_Q§JQ.~P'(. ARgAS.
rcw L.s.t·1~e.clUMP:
Transect 1, ~ plot~:
Rhumu$ thicket:

~E.:t1.!-:~J,9~~P~A@P'(A..REA§
Transect·, ~, lxIttOMs.ect ion:

~t;~DLIN(l.P~~$IT.'f
O. H1/ml
O.113/ni
o.oe/rrf

O.63/m~

4.3.5.3. Den.ities o·f fdrr'lst and forest precursor apeciefl
S•• dljtlgs in diffidrent ar~a8 of C IX

Tabl. 4.3.5.1 show, the se'tu1ing densities of forest and fora,t
precursor species beneath L ser ice« canootee , in ar~8s at d1fferent
.stages of s!Jccession and with dlf":'lrent vegetation phyor;1ognottlies.
Lsericcm arN! with tl c~oaed r :IJPY had hig"r,r divers;· 'St'S or torez·-;.;

and p: qcursor s",.cies s~edHn~ls, but lr!wer total seedling \lansit j:;tS

for these ·.pac.i.s (no test marla). The area with the highest density of
:\

fcre!tt and pracuraor species ~I)S the Rhsmnus pruncfdfls thicket, whicn
had a mixed cailoPYof this SlKtcfe, and L serfc",,-. A sesdl1i'19, Qf thl!

forest spac1es Podcc~rpus 7atifolfus WI\S found near this sita.

In other areas whare L.ser1ces WIiS infreqllent and n(ll a canopy
d0ll11nant. la(,.cr SuccflIs!1onal spechts also occurred. Roadside verges in
the catchlnent, originally supp t~t"g B.sa7vlifolf .•, show.d the
abundant presence of other species (no r,cord$ taken). mainly Rhllmnus



prun':lfd.s. but including fuel.a nlltlliensis, Hayt"nus sp*c1e,t, Olint •

.",.rgfn.ta, H611.r11J Iuc 1dIJand D•• ustro-errtcen«, The tft86n sH~11ng
dens1t1os of forast «nd forest preCurSQ~' seedlings around Prate.
tr •• s , and under a Buddl.flJ 11I1,,11foll. d0l'A1nlted c10sed cdnopy area

of transac\:. 1, were high.r than any of tn. prev10us areas (except for
the Rlutlltnus prunoldes thicket - ~.. table ;1.3.5.2).

Tab'. 4.3.5.2. Mean seedling densities (plants ,oOcm tall) of for"t
,. ." \; ',~

and for est precursor specie!. under 12 Prot •• tref~S on the East ridge
of C IX, and in thrae c losea canopy Huddlel" salviifol1. dom1nated
plots of t.ransect 1. The Mean d..ns1ty of all later' succass tcnal
species in thelli sltt9s are g1v;.0 (total mean dail$ity)

canopy spechs: Prott:Jl
spp.

BLiddisia
sstvt trot t«_ ....._ '""--_._"" --- ..-....-~.~..-.--. -- ---,_,-- - "......_-- ---,,.._---,'"',, ....._- ..,.---- ..~-~---- ....---.~

Seedling srP-c1es mG.n seedling den'ity (ho./m2)
tnosovro«
sustro 'african. .613 .227
Rhus rlent"ta • 14~ .04
Rh4mnus prunoid.s 047 .028
£uc16a nat47ensl$ 041 .O~
Hlfyt"J'us spp.
Ctllpurnja
series. .587
H.,1.r16 tucta« .04 '
Het.rOMOrph4 tr1foliata
o11nfa emarg1n4tlf
Scolopi~ mundtii .012
Oiospyros ~hyt.an#
Celtis african.
Rhus tOtntfntcsa .012
Rhu,IJ lucide .O.ff
Rhus spp~ .012
Totel Mean r~n$1ty 1.284 1.341--..._....,....._..j.----- ...._-_ ...._..,_..._-_._.""..~-- - ..-"""-- ---- -_ ...._.....,..._.._--'- ..._..._-----_.,,--_ ..

ThlJ irend'l fn pracursoi- 'Id fon~st spe:-::1e$s6ed1in~ recruitmP.nt

beneath car'opies hypothe~iled fran ttl"S" ()b$~rvati')n!, w"r~ that

'\1), areas of v~9.tat1on~ having the h1ghlst seeulihg d81l~tt1a~
Md d1vers iti8S nf furast al1d for(#st preCUt sor $"pecias) are t~IO~.

wherEiL.s8ricel! is either not dOMinantor absent,



fjgyr, 4!;4.:J.! H~p. of C U ."~.lll'!in9 th. diltril)urion of P.fIIl1rrsii
L.$~'ic'l fl) i~ 199&. 21 Y'I~I Ilt.r tDt~l fir. prot.ctloN (and
"ar •• ftlr partiAl .itbrlrlMll of fir~.

(M anti
42

a



2) site. with mere available space and 1.'$ c~pet1tion for light
(ag rOAd verges and beneath Prot., Spp) providi ad.~uate conditions"
for pr.cut·sar and forest species; the presenr;9 of a closed catlopy [lbf se
(see sroto« Spp) does not fact1 itat.fJ higher dens1t tes of later
successional spacies.

4....DISCUSSION

The sequence of w'body vegetation chang, in C IX variAd with

different initial dominant '<,egetat.1on" L.seriCfUJ was 510wI:';( to 1lwt.da

ThtIfnRd4...nrtendr« grasslbnri Areas, but quicker to ir,vade Nfscllnthu~
.":apem.' it"lnland areas. As observed by K111ick and Grenger, both
P.,vans1i and L!~erjc:." favourtd mo1ster sites and invaded them first,
but cle"r"ly th., species differed in thftir requirements for s"edl1ng
establ1shment and growth.

Since 1913, P.evlJnsi'i has c(lntinued to invade the Moister south
slope of C IX. Stands in the r~-surveyed plots which ~Jt~bl1sh.d

befure 1973 have sht)wn no overall deCt'e8se in dOn!~itY1 but within

individual pl,ots ther,-were chang.,s in dElns1ty resulting in local

spatlll shifts in the population (eg. Transects 1 and 2~ f19S 4.J.3.1
and 2). P.6'1ans1'l dominance also appea"oq to be shifting, (;twayfrom

oldar stands where l.• serices has increased to bacome dominant or cc-
d.xninantt to new sites h1g~.~rUP em the south slt)pe, a feature vis tala
in fig 4.4.1.

P.ellltnsjj's decline in dominam;.) in initially por.. i'.evanst t
stands was par"tly due to the patterns of stand deve10pment exhibited

by this speCies, anti partly due to the "faciHtat'lc:m" of t..ser1cea in
declining older standJ characteri7.Qd by stand morta1ity. A mono~

specific stand where P,eV&I!SIl ts ar"<'lrently ma1nb,1ntng its dominance is

in the T2 tap area. Here the stand dlwelopmeltt is patchy, wit.h mixed

older and younger ~t8nds.

The det~fls of how I..serlcea is 'f~(~i1itated in grasslft1ld areas

dur ng p" evans t i st~md .1ee11ne W8 re not reso 1ved, A1though no ev idence
for a rolationship WD.S found in this stUdY, there is still the
possibility that the 1itt~r of sanesl.~·ln9P.f:lVllnsif C8U!ie:ln decline 1~'
the grass biomass, which il'!'::n"~~H'Isthe survival of Los.ric., seedling$:
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the densities of dala P.sVlJn'Sil war$ nogat (vely c:orffl1at;ed with 9f'·US
bioma~s, and positively correlated with L.sericBd s~edl1n9 densities.
Other poss1ble reasons may oxist: A study involving 81lccharis
pi!u7orts (Hobbs & Mooney, 1~85)t a species which ShO«9d a s1mil~r
growth-form and life history to P•• vans} I {though ma--ybenot as long
l tvsd) , found th&t the abur.dances of All herbaceous species decHn6d
greatly aftar the pllints form,,-lda closed canopy. Tlris W1S due 'in part
to shAding, but alsa increased herbivory by smell mammals on

o

()

rerbaceoijs species 3eed~. Furt.her 'fieldwork on P.svl!.lIsii stand!i is
required to resolve this issue.

t..sertce« has invaded otner a. eas of C rx, as ~r,gd1cted :>y
Granger. tnvas ron has beer>,fastfH' in the Mixud Hiscanthut{ cllpense-'

Pteridwri,' )ilwum area in the flatter, lower-lying ares of C IX, and
m~Jch c.;10Wlj'1il 9ra$s'!~ni.i areas away trom\streams. Whether it is the
·Iack of moisture in t;18se gras!'Jland sites, or the 9ra~~j ,~ward itself
which intdbits th1$ 11;vasion, is not known.

Tnere is little qU8s.tion that L.sericfJlJ w·;l1 dom1nata most of C
IX, but 1i~!iconttllL;ed r.tOlllinance as the la~t, self-replacing 'v'egetat'ion
is not, c~f'~;din. L.sl,rices seedling recru1tmont is much lcwer in closed
canopy L. $,.'t'ic!!S"'shrub COIMlI.m it ias th!n in 1ass deve iOPt~r,Ist&nd~,
implying that in tha 10l1g te\\m, L. sertce« may not be able to reptace
itself in C IX. Seedlings of farest and other forest. precursor species

"w·~re!1rowing in the L~sNric8a-shrub Ct'll'lmun Ities, and probsbt l Hie$ are

t.t~(1t ",hen a canopy L serice« dies, one of these species wi 11 fill the
result~nt gar. However, there (d'e also tndtcat tons that the LSer7CHlt-

shrub ve~etat ion does nat provide the 'Idaa'i ~r'v'ironment for the growth
of later successional species: The diversity and density of late,.
species is gr6t\ter in areas wharo L.ssric811 i!ol (lot d00l1nant, e.g.
under ProtslJ spec tas , 8. ,sJJ.lvtifolitl trees and in the Rhamllus prunoiaes
thicKet.

Thera are two r!Jss1h'Je reasons for this. Firstly. it may bl! that
L sertce« shrubs mlll.e comparatively poor' perch sites (though better
then P.evlIns;'i) for frug1vol'olJ~ birds brlngfng sged of forest
prsr.ursor- ana forest spec1l!s. Thl:i Prate, tree.s, prominent 1)1 $ituated
on the ridge of the catcM.ftnt, may provide good perch-attes for birds
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who heve come from d. moal of fruits in the forest patc.hes balow ".:r.o
wft1r, or in the forests of N'dedema gorge ba1ctwC IX, L •serice«
comRllm1ties ware lASS prl.)ln1nent1y situated for vls'tting birds. Also,
established later success tona! plants such as Rhamt1usprunoidss Gre
themst.lves seed sources. and provide food for f'rug1vores, who also
deposit tho seed or other species 8t that site, L.$ericBII prov1de~ no

((

food for' the carriers of bird-dispersed seed.

Secondly the L •.,erj·celt environment nlay havo some -inhibitory
physiological effect on seedlings. Circumstantial evidence of this
comes from comparing L.sericeol scrubland with adjacent B.sa1vi1fo7fs
canopy plants. The 8.sttl'1'iifolilJ supported more later successional

:1
seadl ing!, even though ~i""f's wel'o close tCJgethlJr and the same in
oyer~ll environmental features.

The am61iorateC'l'1l1Oisture climates of ChlS9d canopy situations per
se did. not result 'in higher dens1ti~s and diVersities of forest and
f()rest pr'1cursor seedl in95, but CGnopy plants may h~'Je reduced

h~i'bace~'Js compet1t'ion beneath them, en3bling s6e~ling recru+tment ,
Sitss relatively free of compatit1on such as the road verges prr.lVed

suitable for establishment of some forEl,t prl!curscw speCies, eVf\n

w1thout the canopy influence of a I'l~~rby B.S~ tvt trot t«. Speciel lOCI!'

env1ronmental conditions (besides a cartain fre6dom from competitic.ll)
may th$refore not be t"eou·il·ad for t.heestablishment of such Species.
The reason, for later success+onal species being late may be mostly
because o!r their methCJdof seed dispersal.

I

Whatever the effects (If s'lte conditions on tater euccess ienal
spectes seedl in9 establ ishmant, the av~i 13011ity of suitable perch-
sites for frugivorous birds was the most important factr.lr in
determining the presence of t.hese species in C IX. They were vit'tua'Jly

confined to under- or near-~&nopy situations (excluding thoSQ of
P.evansii, which make inslJb:;t~:nt.;,ialperches). Their future role in the
catcl1m&l'It depends on th&1r :;i'Jii ~ty to r'epla<~e t"te t~anopy dominants.



The patt,rn:; of woody vegetation change «P!)fttU to be procead1H9
largf<.ly as Granger predicted, 8xcapt. \'ith regard to later succAss10msl
sp6cies. ir,e populations of thmnl' $.,o.:;1es should increase faster in
n(Jn-L.s.ric&1 'woodlands', il~cludin9 the road '1erges. The'>, ~ltes of
nuc1eation (Yarrantol"l and t~\)rrisor· 1974) for' later successional
species ,hould expand into adjacent vegetations, coalescing with the
smaller populations alreadY' oecurr+ns th\1ra. Although the distinction

betwe&i1 ft~rest ~nd forest procuf)~:'species has net ,been clarified
prevl ous 1Y. 1t may b. pred1 "ted tliat precu rsor ,olfIPi••,'"'~~as Rhsmnus
prune ide:; or Rhus dentata which p~~duce copious fn,rit ~,_),I attract
F'rugivores and ml'lYaccelerate the development of populations of forest
species such as Podocarpu:; 7atifc7iwIJ and scotoot« (fIundtti.

" II

This study of woody plants dt\pended part1al1y an a sample dEtsign
initiated by Granger, and highlighted the uees and deficienc'les of
such an approach. Besides the lack of p'lQt boundary markers, a major
11111itation was that the plots were posh'loMd to merely tiJcument the
changes at a s~'te, and did flot reprCs9nt all situations. in the

()

cat.chment. Nor wer'e thay I'ep'licated in one area, result'1ng in problems
of pseudO""repl1cation, so t1lat they did not provide data on w('ady

p Iant chrmgtis which wau1d enab 10 tho t:.lst i"9 of hypothGses.
I; ~
'I

This study he;';»expanfied the design somewhat to 1n(;lude other
areas. Their positioning provided ~ c~ntr8.st t.o existing plots and
allowed the preliminary t4Vsting of certain hypotheses, but. was again
not designed to provide a full record of woody changes. Despite
'linl"tations in slImp'le design in both yesr's and in the dAta reccrd from
1973, a numbel" of woody plant population char,!cterist.ics wero
identified which gavl9 insight 1ntl1 the patterns of woody change, and

prompted hypnthsses regarding their pr(lcesse:s~

Conclusions
1) In the sur'vey'!d wcody p10ts UJ) to 1981, there were four

difftu'ent path ...ays of woedy plant auccess+on in C IX. These occurred
at diffe:'ent sites. Threll; of these involved L.ser'fces in areas of
vegetation without the infh:ence of P.8vltnsif; and one, occurring on
the south sll,.,e ()f C IX, involved P. owms t t bahlS the initiai' invader
of ThfllnSda. rrtendr« grassland. Fctes"t preeurser and fot'Qst species



!(

were just starting to becOl'Habundl\nt in 1..$,,,'1<;.4 and !'J81eet.d"cthftl

Areas, but not. in P.evlnsii st'1nds.

2) P.fJ\,nsi1 populations are still largely restrict' \ to the
south-facing slope of C IX, but were expandimJ to (lIW areas of the
slope ~nr.tonto the East r'idge.

1) P.evlJnsi1 populations were deer-Rasing in their dominance of
existing areas, Although maintaining their o....Jral1 dtmsities. The rate
cf recruitment in ~lrl!lady-cCllorIizad areas, and in new areas of C IX,
appears slower than the initial invasion of the south 'llopo.

4) t..sertee« poplJlat'ions are maintaining their dominance 11\
flJx~st1ni stands1 and! '~nor*,a$ing it in other areas - (in order of rate
of invasion), mainly Ht:scarrthusor Pteridtum areas, tM P.el'lfisii

stands on t.il8' south ;'"!opa, anti the grassland adjacent to moist 3ite~

5) !...sericea invasion of grass'land areas (II'!, the ulth slope is
fac111tpted it') the dac1ining phasQs of P.svsnsi"l steM development.

&) L.sor1celf selldling recruitment d8~reas.s in situations of

closed canopy c.sertce«, whHe the diversity of fllrest and fvrest
precursor seedl ~n9s increases. If seedling survtval rates a.t"eequal,
these plants nave f,j greater chancEl::of r-eplaC:;i'9 a cancpy I..sartell:

than one its own se~c:lings does.

1) H1ghsj" dentlit1es and diversities of forest sn!.!for'est
precursor seed'11n"3 occur in areas wher~ !...saricfllJ 'is not dominant.
L.seric81J may have serme inh1b1tor'y eff~;ct on lat&r succ~ssicr.al
species.

8) ThIStleha\rim' of fr'ug1vorous birds has the greatest influence
on the distribution elf later' succeastonal sper.:ies in C IX" Subsequent
effects rsettorning tl·ilese species may involve inhibition by L.saricl8lJ

and (.;ompetition for resources (uspeCif1.11y iight).



80

CH,..·'PTER 5 'I
((

FEATURES OF VEGETATION '9~A"'~GEXN C XX

5. 1. UlTROOUCTIOH '

This chapter ~xam1nbS the populttion patterns that occurred during
post-fire vegGtat1on--,change in C ,IX. It ,'·),.,I.res thlll'l to those

'.' ' ' . '\.r' ' -'-~

pettern! ,iupgest.d by the sucr.ess1onal theories d1,cu5sed in chap'~Gr

1. The 111ft~J to reveal some ~neral features of vegetation change
afts,' withdrawal of f1 re 'in thf.<l ittl. Berg.

To a1d this discus$ion, theories relating to various aspects of
vegetatHm I;hl'tn~e~Ilte ~:' ~lftt.d into a number of questions:

\ ! -'>"'"

Ii *,)/Were senll stag'!s (Cleme~~, 1916) evident in C IX, ",ith whole
\ \_

spe~ie8 Issemblag.s r.aplac1ng ottlt\t •• or did species chang",
1ndepttndint ly of nti,ers in time and :\llace (Gleason 1936)';'

* Whtttwere the roles of th! initial floristic canpos1t1pll, and
relay f1ori:stics (Egler 1954) in C IX? 1\

* Wassuccesatcn unt- (C1aments 1916) or ll'lulti-directkmal?

* What WI' the role of autogenic change (Clemtnts 1916) in C IX?

* How did the rates of floristic change (spec1.s turnover) vary
in C IX (Bornkamm 19tH)?

* What po~~u':ationinteractions (f~ci11tation~ talerance or
inhibition, Cotm.11 and Sl&tyer 1977) occurred1

* What population patt&rns ~Are found to refl,ct speci~s l1fe-
hi$tory chara.ctoristics (Pickett 1982, Noble and Slatyer 1980, Dru,'Y
and Nisbet 1973)1



5.2. DISCUSSIOM
5.2. 1.. WERESEPALSTAGE~EYiOEMT Iii C IX y£GETATIO~ CH~IIGe?

in auccess ton. a seral stage (Clements 1916) would theor.t1cally
r
!

\ ' . IJ

be ",~arac:ter1z.d by a 9f~\.!I"of species whose relative abundanc.~ in '
Ii

spa.;.~ ~nd ti'M varied in similar ways. As one specifts in the ,,['r.
increased, so shoultj t'!':I) oth.rs, .llndso on. A sore is thus cflftParaill.
to Clements' "ccm:nunity r,tnlt" (Whittaker 1915). and depends on the
a)(1st~nc. of discrete plant commun1ti8S rattler than an
'ind1v1dualistic" plant responS8;~ or gradient in speciu composit.ion
(Gleason 1939, McIntosh 1961). As discuutd in chapt.er 2 (p ~9), Jut
not expl tctt ly t.asted, Illany s,"Iecies showed ~radual abundance changes
along the :atchment gradtp;,';;s, while a few had r,tarticular sit,
prefsrenc8s and more discrete dfstrlbut1or.s.. Shiply and Keddy (~981)
propose that neither tho i.'div1dual1stic nor the community unit

concept alone, reflect actual plant d1st,'1bution patterns, and thAt
other descriptions of cOIMIunity /\t.fucture should be sought. Futllrfl

; 'J '-\

studies of succesatcn ~hould" 'ld~\~~.~4this aSpiI:t.

Of the species groups examined in this study, few clear seral

stage, were 1dent 1fiad. Rather J each spec'iss had its ownd1stribut 1Q1il

patten: in the cat,chment, and its local11.ed 1ncr.l\ases and de~\e.sos
did not track those of any oth"r species (see figs ~.3.2.2 a)~~). For

\;\
8)femp18. the 1973 distribution of Aca !yphtf punctata was quit. s~~l1ar

to that of ptsrfdium 6.qui1'inum. but -It did nou consistently decrease
\

whon P.aqLiil1n1.irU decreased. Nor was its increase in some areas \
J:i~ralle1ed by an if!Cr66Se in P.equt itms» (this is clearly seen in fig.
3.3.2,,2 b) and e».

HQWeViU', when v1awej with less attention to details, t,here, WBre

broad "phys1ogr.orntc groUfJs" w' h;h formed crude "seres" or replaCeMP:lt.

seQI.!snces''in soma areas. The~;a were from gr~nl'nd to a) br·,\r-!.;en veld
then L.soric.a-shrubland and '~rub forest, or b) to p_ c,1I,inSii

s~r~rb13nd then l..serit:elt/P.e'ians1i ahrlJblnnd. tnen scrua f'Jn~st"
"
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In relay florhltics, facllitatkil'j A new 8niva13 (invaders) by

the 1r.1t1al sitlJ occupants is impht':'J (tigler 1S6.). The influences of
the lnitial flol"1st1c composition l'lcludes specias cht\r~').t.rist1cl
interac.t.ing Ijt;_.'l each othel "1"\'1 Of'\v1ronmentin ",any ways. The

apPlaranct of either pattern dep"nded on tm- spatial scal.lat wh1ch
-.::;:,

the vegetation 'illS v!ewed. At the broad scale of the entire catchnlent,
and among most ,P6ciOS, the initial floristic eomPQsi'tion of the
vegetation (its~lf influ!fnced oy initial !tit'"candit1cns), determined
the observed pa~t.rn~ of "'.getaticn chana..

Ol\iy amon~the woody specie, was there the poss1b1t itf of relay
flvr1st~cs at this broad scale. Vet aithaugh forest precur~or spect.,
hl'd "Invaded" Ls"rfc;~" D.stl1"i1fo1ia and other area, (se8 section
4.3.5.3}, they had not y~t replaced ttl:,; original jJlantl preilent there
(u would occur 10 relay flori.tics). A150, initial occupants Tnavhave
faci1it,tlld thair arrival (as disc.:ussed in 4.4) by providing pei"~h

))

~>1tos.far seed-dhspersors; but, in some areas they have 'u.pprfls!.;;1 (see
.4.3.5.2) th6 gr'owt~ of such specias.

At a finer :;i;a'~rpllrticular sites displayed poss1pl. signs of

r.l'1 floristlcB. They were invaded and later dominated by species
I!

inlti~11y pr~ser.t 01s8WhQre. The most obvious example! cf this are
P.8V4fiSi'f, L.$Elricsti (S88 maps rn fig 4,1.1,4.1.2 end 4.4.1L and

P.llqlli t tnu», Wll'!chinvaded areas away frm streams (ses fig 3.3.2.2
~'). Al~o, ttle! 9rO$$8S /)••'!mp7ectens, H.turgfdu7:HrI and P.n.tlflense
(section 3.3.2,'1, fig :.,.3.2.2 a) and fig 3.3.2.2 8){\r9Sp~cthe1t) had

invaded and beCiOMe cO"dOl'linants in 'OM s·jtes. Howev~r', barr'1ng
t :,>,,!,(lr1CII!'S fac:111tdt'ion in declining P•• venst t stat!ds {showl\ in

/1\

section 4.3.4.1). the role of' facilitation 'In these changes is
unK~own.

, Maoy other ~t~a3pread spe~ l"3&d~d not shown sigflS of replaCltl!h

or being replaced bys utl'l"r spatias, They met"ely altered th3ir
relAtive freqlJftm:ies in d1ffarellt arAas (8g A.pu(lctati.tl! R.ludwtgii,

r
r, trtsndr«, u.ra», r.l.ueothriX, I4.IJppendicu1lJtl.!S ancil

Ii
I

H.lJtnbracul fgfWum, see figs 3.3.::.2 1\)·'6». J



83

The greater effect of the initial flot:ht1-: composition during
the first ftnt decades of v.getation chang4 is not :J1i • .xpeeted (Nobl.

and S18ty~r 1980. TI'te ml'ljor1ty of avtli'lab14 flora in the Llttl~ eers,~\
(pxcludi.'". forest crecursor and forest species) have evolved under the

tnfluencQ of recurrent f'lre regimes. lhey per!1st <8'18n at low

frequencies) in th6 "'1>;lnltv. a~ter a burn. Non- or poo(ii} fire adapted

species include tho$" ltssOG1ated with forestlS) !lif1l1chor.1y "invade"

areas 1atar on 1.. th$ nbsel! ~ If fire. Yet to shew thu pat.tern of

relay flo: ~st'cs, facilitation of the growth of i:t'IC\selIwadars m~st

stiil be damonstrated.
5.2.3. Din UKiOIRECTIOM~L OR MliD I~IRECTIQ"~l SJC:ESS1QM C:CUR?

Succession in C IX up to 1985 wa~ lar~ly mult1d1r~ct10nftl,
without following pred1ctabh~ SIICiu.nces as sUSgested DY~lem(lnts

0916}. Over th~ t1rj~ per iod exsmined t~ this study, most s1tJ~ of

similar species compos it ion d1v4,rged (se~ seet ion 3.3.1,,~ and f1g1
3.1.1.2 a)-.».

This mAYbe the result of maol species with roughly equal

~OOIJ:)etitiv. abiUties b&inq,t)f.~ent. from the start. ','1111'11 loce.l

differ.nces ill fjil'.q rOntr.ellta! cond It ions Md cOII!.pat1t.tv. b&lllnCftS could

have r-.sulted In r11Uerer.t dirac; 'iflS of ch~nge.

1\

However, a few species 1mpostJda s119ht. dagre. of

unidiractiol'ality on ttilit overall pattern of chfmge (&g H:l1fchrysum

sureo-nitens, P~nicum nata/ens., Hel1ctptriG/7on tur.9ieJulum and PIJ11lfea

qUlfdripinnata increasing in most places; ElfQflUru.~ mutic~:Js, Themeda

trtsnar«, ,-~1h8t.ropogo#1 fHifol1U$, and eucnenroeder« totononotae«
\

decr~asing - sea ~.ct1ol1 3.:,.1.2). Also, the invasion of t.ssertces
plu~ associated s~cies (ground forbs and cr~cJ~rs), and the
appaaral'lc@ of forest precursor/forest sp&c1es, 1\:/1 t 1 load to

converSJf!lnce toward forest 1ater In succession, even in init.ial'y
quit. different c~n1ties

e . 2 • .4. TliF ROLt OF AUTOG~HIC CHANGE

Fllc~1i\~t1on througt1 enhanced tnvas icn, or 1ncrel$1ng resource
l\Vft1 t~bi1lty !)(Pickett et ale 1987), are '!1~rtS of auto~n1c (.'Inge. and
are d1S(;UU.~(· ~$r" Many workers (fig He r n 1911, PaC',khal'fl11m! Bar ;JutS

1~f'\, Pickett ttL.1. 1987; but see Hust..,n and SM"Ith 1081) think that



during succession soil ft!()tsture Cfl"(lit1ons. alMl10.· ..t.. at a 'llt. 6;"

li~ht cond~t1orR worsen lhis i~ because the d6velr.ping va~tat1on

I~anopyint8rCfJ~ts 1j9h~ and reduces n",t buna up r.e.r the son, l1')d

,,1 Jrlg with :;tam-flow aM l1ttar', 1mpro\los n1n's infiltration. This

l~m.l torat 10n supposed1y directs succession.

S!)fICi8S rjistribut.1ona along gradients frOl'P dry to moh,~.

;"eXcl'J(.hng taQuat1~ or marsh spec13s) nnd high to 1"'...,n~d1ation le\'f .•~

r> may! ther.foro broadly t'efluct th.ir position in a succ8ssiona'j

:"llr..U":tee ffJ~ 1.lman 198c;, Oryry and Nisbet 197:1). Spec:~~:..

distrtbutw~"l .II C IX from the st,r.em to the ridge tor.s, fr('M steep
s:luth··fi.H,;'ing til flat areas or ncr th-fac Ing .sh:iJ)ils, and frOll' K:ltspruit

t,l Mi,:;~c'll':.01 Is represented their) moi!ture and rarl1at.1of'l rzr9f:erances

(~,ee 'Nctlon l.3). L"idl:tnc. of alMlloration of site cond1t1oM 1r. the
(tfltChmant wo....ld theoretically coma from .)bservln~ success tonal shifts

(;If soec1es Flnng thege gradient!.. M8'Sic, '\)1.01 1~9ht ~I-IQc1e)$should

1m;rease, whl1e "dt'Y'·. h1gn light ones should d.cre&$'! it: most areas.
In'ten.18diate specias should decrease 'In low-lying, moit';t soH "nd

shaded ereas, and in.;reas. il1 medium ttltitude (not dry) !lmdhlqh

(1I"1er) alt1tvde $o'l1s.

spec+es frequ(,ncy challSfts (determined; t sect ron 3 '3.2.2) which

mflectE;d thts J,Jatt"rf'l, were L.Sl)r'ice4. (t.) ::,·..1'1\8 exter.t C,,4frica.na)

emd P.8I(lftlS1.~ (;:'Ie~f\.~/; T. trienar» 15nd 0. f77 do Ius (dry); lnd

p. qUlIdriptnnlfta. Ho Is tx, P.4qlJ7linum, R. lurWtg'i " S.a ;optJcuroides, i£'to
k.t;nrgfdultJfti (1ntermed!~te).

"thar sp9c1es showed patttlrns cf change at odds Wlttl those
t1~p(?cted fnJ!l! their pc~itior.s alc109 the gradim,t:s, 'lnd'icating "~hal,
~1t.!!I arn.l1orat1on was not necessarily a dominar:t tnf luenca, l~ JIlAits1·;

~J.'er.les C.natalfm:us lu:d 11.limbntclJ1f9Brum .~cre8""ed 111many areas •

.~.st;mia1ltt/'lt ,7.dlter,'!,. P.nlJt,.'f.l.mstl and H.aurllo··mtSf1$, Wlil<:h t'1('GlJr('ed

n'Ofa fm.qtlently in drier !!1',p$ in 19'1:), oft." increased i>l bot h moist,

~rru:ldry areas. rht' 1nt~i'1ntcl1at., spec ies A. apl)tIl ~1cul.tu$, F. csprin«,
f:.muticus, s, i$~Ud811!* nfld A.p;.:nctatlf had vary1ng rB'>p:"l1r;I!S (for

ti~:f,8mplo, A.apPffftd1cu1.l'It!ls a."Id F. csortn« decre~"ed in dry "rails and

in(:ra4~ed in the lli01st vogetation group :n: :/1111eF'.n;l,lt tcus declined

in mllinyplacos~. The ~sic species H.capens6Js vatied respoM. WU

jlerhap<:ldue tc its pt.. to ollar orefef'8liCl't for "19her nld1at jon lev.b,
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"
dftcrel!slIId rn dry s 1t81i and tncr e.sed in 183$ dtf site., 1ncludt'iR

vas.tat ion group io

let" suce •• 11')Il.ll fQr.~t precursor and foreat $,*,=1es C :Irred
in 1II01s~, lower 1!9ht sHe,., but wert also prolific in exposed rirlge

tcp are"., with lowe," il('\1sture and higher radiation levels. This
\"\

showed tht..t aMelioration of slta conditions ",as not elSAntia: fl,!t'

thr.lr eatablisMtlnt. !~ath.r, t!1e1~'populit ion "ettcrn l4as htgh~y

reliant on t.he 'IIagArhs of ltl81r bird d1s~rsQrs.

A reason for the i.morec:UCtable response alo!'l9 he l1ght and

l1Io1stuC~i1Jradtent of 'Ilany 9 "'tlSSland ~POt;;.s, may bt. 'Chit t.he,. have

4volv~ und.r the major \.luctiv. fore. itnpastd by f1"ft. Other f,l!ctol~

1ike shade t01erance, may not be as 1mporUl1i. in determining grUB land

species COlIlPU!Jlt~cn ",r,en -lira is frequent (vogl 1914). Rathli!t", chan98s
\

in the grass lay.r may result trOll1d1fftrf.nt1al tin.ring lev"h and
sturage (Everson ~985) in sOttclsl.~ with grQwt:l optima at differ,tnt fire

frequ.nG·k~"

Curt mt knO.;"'8d~.,eis .1so Dialed toward gra.ss behl1vio:" under a

rtig1me I)f firft. Lets is Ynown!~~lJol.ltgrau r6a~tton'3 1a its total
~bs,:,"ce, '4arl'\i upocU of Qypothes1ft.d aM'dors.t ion duri'ls. success h.
I)re based on ubservat;j(11I3 of woodlftn~ cOII'Rurdti.s. wh~re the spec~es

• I

have vary diff .... nt ·'i"f,,-tiistofY str4lt.gies t4 9raS$~S. ":,1" may expect
gran sp.acies reSl'lOtl~aS to withdrawal of fire to b/,f Iess predictable
US~I,g eraeria usuaJ1y applied t" w(l(.Ajland specio$ Indeed ",any
srassland I.'·11tngftS in c IX were (jot predict.ad by pre" :OU$ r~s8archer$.

\

Changes {includ1jig autogenic r.:n.~) in the post··t Ire envt ron"1~~t

have played a greatbr r01e in the DVl)lut101'! of woocnl'lnd sp&~1e!Bl~~~'"

history propett1f!l" (89 thit d.velClPl't'!nt of sht\Q~ to. lerance, or ~:tr'~
\1

ability tn ,,,ix;m~z. light captunt in c,ranopy s:ituat1ons). SIJct~ specIe.
pers~St only when 10n9 fire-fr •• ptlfN::tS ('ICC'1". Yilt BV.,n among poorly

"
filr,,··.dapt.d wood" species, the! 1nfi ... nclts of sit .. arngl1o"atiofJ in the
f~~rly stages of woody st_nd d8V.lor~'lt t\r. doubtful. ,h.. (r;utog.n1c),'.. d
r\)'e of perch sHe!; in ~lJtenlt'h'dn~~their d1strlout10n is pr.d00l1naM.
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the rate of specie. tlolrnover "i! thft 13 years frOl'll 19J3 to 1~8e

(.. et1en 3.3.3) was slowest 1" communftl., representing l~t~r
successional (woody) atagel (1. the Maturu L.,.ric., ar ... ). It wu
f est in ,r.,. w1th cOInUnnie. not yet doMinated. sertc•• (eg

r1dgf.. top, and open p, aqu1 )1nUIII ar ... ). The slow ehang«' in wooded
d'·.U could b6 becau J woody spec1e~ ars "low~..· growing thsn

horbac.oul one¥. prOiftOtlng the prolonged coexhtance of associated
s~ci.s (Huston 1~i9).It may also indicate the tenacity of (.s.ric.a

in theta i1te.:tl.

Ii,
F,c1iitation of 1,ter s~c1.1 by the in1t141 site ~~cupants was.

c1found. ,,;;'.nesc1ni stands of P', Dval?sH facilitate L.s.r1d~.r8cruitIMnt
(saction 4.3 ..... 1). L.$lIric •• stands fa~1t1tat. (j')y provi,ding perch··

sitts) the err1val of forest dnd for.st precursor SpttC1~~S(4.3.4.3).

Prot •• sptc1af. and B.... tvt "'011. fec111tate for.st prQc!~rsor 1100
1.1 '\

f",r'8st sp.e1.!~· £r:-ival r..ndperhap$ their "stabt1shll8nti (4.1'&.3).

For... t. nrecuruor and forest type. also fac:ilitate the ~rrtval of other

,uch specia3.

Some "lfi::l\ln~oof ll'lhibitlon Iotasalso found. I..SltriC81J geec1lS to
inhibit the aitab dst..nt of forest precursor and fc.r••st. !pechts
(4.3.5.3). CSffrf;". (and ,)erhaps sentlcing P.llvansf,?) ~nh1bit

grass (thiS is ob\iouflly v1~ible beneath L.ser/coll s,~rlJt~s).
P•• qu11fnUllf inhibits P.6!1l1nsti (Everson and green 1~83). ,~lthollgh

there is no d1rec;t ev1dQn(a~~the sparsity of L.ser{cea.;, forest Md
forest pradlu'sor sladlings in pur. sres ,md sites/Ift.'y mean that
9ra"~$ suppr'B$Stl"S. species' estab11~hmant (thl'OU9h root
~ompetH1otl ?).

/1
(/

EvidenCEIof to:l.ranc., where latar lpecies ara succftnful whether

or not anUtr sP,c1·.~ha.va preceded them, '111,"$ c1rGumstl(~tfa1.
,'I -,

P.enmsfi wa~.able t) estab11sh and grmt to matuf'1ty -1n grl\ssland
(section 4.3.4.2.2). while L3erfc~ht r.~)el'Y did so, P.nMltle-ns8.

P.quadr1ptnmttt! :1.at/~IJO'·nft.n!Jr !. 'I1JpT'<!(ifif1$ and H. turgidulum may h~v.

s:.1(h1b1hr t~ol.r"'c. 'in that thfly in" 21", .. ed in Many areas, t'rras~lfjct1ve
of' the (.\thGr species occUtT~n9 there C~.<:t.1on. 3.3.2.1 and 3.3.2.2).

/
;1



TM1r incro ••• ID.:lY.,.0 be explained by a fona (If eompet1the ,.'au.
aft.r w1thdrawal of fir ••

1'he dOMinant effects of the initial t lcr tat ic .;;ompolit1orl" in C IX

alao suggests tn. ~Toler@n~. mechan1~" (Hur.Phr.y j984). Moat IPI~t~s
(npec1ally herbaceous or,.~) were pre •• nt since w1thdrltwal of fir. 1r

C Jr.. and change was l.rgely characterized by jocil strifts to' tr,elr
doIn1n.ncfJ (perhaps r.flecting Horn (197&)', ~comp4ttit1v. hftrarchy".

specific to 'local s1t. cond1tforta).

Tt.. l1f. h1!'tory characteristics of " faw !IJ~CleS se.ed to La
renacted in their chf1nging pooulat1on patt.rr.:s in C EX. Only some of
these are d1scussed nere. /1

Orl& obv toua pattern was J rssult of the c':ona1 gl'o~th of
P.II(!u11 fnUilf. as C lar1 fit.d by Watt (1~"7). The current survey showed
that brad an stem frequencie, wer~r decreasing in the low...lyi,19, moist

areas in C IX whore it ex.isted befor" w1thdrawal of fire ('Ie tn tM
n

older p4rts of the colony). In neloterparts of the colony et higher··

l)1:n9, loss moist"s1tas, bracken was increasing (seet10(1 3.3.2.2).

Anotn.r spAcias show1ng clonal growth patt.rns which h~V8 allowed

its spread in the o6tchme~lt was HtllfchrysU#rt llureo-nftens. Its co lontes
have ~xt.na.d~ .but become mare diffuse at the'r ~r191nal csntars,

P•• vllnsi1''S·'r.Jl'Julation pattern r.vealed the establishment,
(I"

9rowt~~ and relatively sudden I118.S_ mortality of tts. stands during
'IIwasion of new gnssland areas {fig 4.3.4, sect ton 4.3.4 ••t). Also

evident was 1t3 r.'atively low cmpettt~v. ub111ty in establish.G

stands of other w~)dy species (89. L.s.rices). This may be due to it~
n•• dle leaf charar.;';8f'ist ic!' A'l>1 many....J.y.r.d branching gGOIMtry. which

doe" riot suit vert 1~ Hght levels (Hor'n 1911).

L.s.ricfJiJ' s ~attern of inva!1on of ~ IX n~flectad (besidlU the
o

$P".t tal J:att.rni1of wind (1~,persal which Wit:; not fnvlJst1gat.d) its
, \i '1

respon~w to It), the mq1sture c11st.r!but;.lon, and b)'\) ,\~O 1r'91. of
shad1ng ahd compet 1t 10rl during ii-' est&bl hhment.:' Thh is ~tY.:Iwnby itf:.-
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pre~.nc. in moist, old P.'Qutl1nu. Irca, with an opon frond structure:
in sflnelc1f1g i'.fv.n.11 .,.. ... pou1bly whero the .ward na~~t4COfM 10••

v1S1OfOIJ" and in ita relative $IO'IIIne'l to ..""blish in clnsud-sw.rd

9rassl.n~ ar••• 4"d beneath lts ~n closed canoo1es.

The app11c6t1on of the vital attribute. scheMe (Noel. and
Sl.ty.r, 1980) in thin !Jtudy jl 111111ted by inadequate Im~hd9Q of the

species. Alp-o, the sch~ is unable to account for s1tu.t1o~s where

the {rftrtbutls I\nd their rellt.ive s.tr(;ngths dirf.r, depending an the

c~un1ty or,~ite ~'text. SOMe .xampl~s of the few generalitias ..ra
55 follow!>.

Most perennh\l gr",•• and forbs h"\(~ ~f~{f !J Clt+:r~b'lte of bah'9
, ,- ,iI

lar~ly uOlff.cted ,by f1rl: th-JY I;p"n"t~ ;/"'-,j ·,.~~()f;lt(\I:u~dra'9r~
,- \ ~{ --_. -~. -~-

VAry raphily. This \\Ilows theft! to eX~$(/ ~. ~~'rlt j}h~t, tyJ'&s
.' l t "',_ '..'/

when fore is n!ttat1~"ly fr8Quer1t., I!1P (~ ;t} ~'h;.....-'a t,ur-n. Th.
;-v .: ,?.... /_,/ - t,

fJxt,enl of seed d.spfi'tsal tn IV,")' 9r',,:;~,;>'-~.. 1i'n;teJ ro 1\ f,~w mtate(,:
r

c,

from the parent (O'ConnQr pers d~! 5_(>11r,'~,: !I~Cl! 4$pfcias is
"

unllk.ly to arrha from olJtside the tln~t'l ana f~ r,ot al~4Ys ofr•• ly
ava11~bl. IS required in vital attribute's n attriu~ta uf long

d1s~ance dtspersal. The ex1at.nce of lang-lived seed sto ... ' (and

th~rafor. an S attr1but.) in Plr.nnial 9ra.,~. and forbs 11 unknown,

but rodent s.ed predators !'MIlt !.118,'.ly 'H'R1t ~~tKt stor.~ 1Ft
grassland ~r8U (AdUl. per. COM).

L.s.ricl1. ext",1b1ts the .' l'lsgetat1v9. avtr tbute of $)rout1ng
4fter ft.,,, (SfrI~th 1982), but requinnq tiM to grow tu thl~1r pre-f1re

fan'll. SeQds~av di1'pers~ qu1t. large di!:'tanr.es (0), but ~'8f'!Iunable to

t'lstftbl1sh 1i1 gfllsshmd areas. In \>hesacirc'Jmstanc&sy tW() d1ff&rant

.ct1ons can promote it~ sprsad. Onti is the facilitating action
(,ect1on .4.3.4. t) of sene,c1ng P.8Vltns1f stanlis (resultmg tn an R

att'r1bute); the oth.' is the ,1owltr spread of th1s specifls by

ett.tabl h...,'li_ngin sites At thilt .dg4 of its can.'Jpy influence, wh,.re
'\

herbAca.')U!\"'spec'le, are less vigorolJ:!. t..ut \~herethe 1nfh,~nce of the
Ii i
'.' parent p lant, is w8ftk tnOU9h not to lnli1tnt the s"dl1ngs/1 The

i 1/

possibl1ityirthat LSlJrice. is unable to replace 1t~nlfu11der ch')sed
canopy situations



(sea ~t1on 4.3.5.2) give. tt 8QMa I attribute character1tt1cs a•
.,.11. It. tt.s a l1ftt-apan between that of woody fo,..at spDeie. and the
anert"'llved .hrub P•• "an.H.

P,ew",.ff c&nnot,...-sprout, but it. aa.d is It1l1l"ated to
gerMlnat. after firt (0 ftttribut.) (S.,th 1912). furt~r r.cru1t ..nt
is delayed until NtUI" plants produea H8d (po •• ibly at 1-2 tears
old); and ••ads m.y d aperH over 10fl\J1istane •• (D). Tt.. continued
,pf'llad of th1s SptlC1.:l tn C IX s1nc. f1re prt2act1on !~~ th&t

98naiMt1on still OCC'Jr. in the ~bsenc:.of fire. It. oltal~l1ti-.ift8nt in
araSlland arMS sug9tt:lts it 1& toitlrant (T attribute), of cOIIOet1tion

r;;

frOll !'ler'baC8OtJ' specb. in1t1ally pl-el ..nt at thtt sit •• Howe,,·sr.~
\se.dling recru1tMnt ,trop. off in NtlJr. and !lon•• cing !&tanda of~

P.evllnllli, al snowl') in 4.3.4.2. This fe.turf) results in In I ))
attribute, where P. e~in.1f is unable to continue recruttlTl8ntunder
the 1ncr.61ed 1nflu'r\,~' of woody pla"h. P. evan., t is shcirt-'i1ved
relative to oth6r woo'y apee'l,l.

~ood}' specie. wHh bird-disperSld seed (1. mainly fnre't and

forest prec:ur,sor spee les) do not ~.rsitt at a s1to throullh copp1c1ng
when tire 1, frequant, In a fit"a-free j.\€lr1od, tnnJgh. their" seed ,"ay
arr1v. through frugi'lory~ g1vM them the "0" attribute of long-'

d' !If,aufC. ~JSp4irsal. '1 le 6v,,1'Iabll1ty of ?ereh-~1t.s appears to act a~
a "~uaHfi,J~:;to ~h1s 'tttrtbut •. These spec1lts saM to establish
aflyt ifte "~.r parch tnes. They are tol.rant (T-attr1bute) of

'I

canpedl\~on frcn SOIn4I sP9c1es ('9 g. s.1vifFol1«); but iTtaybe fC?l'ib1t~d
\

(I-attriDute) by othftr"s (.g L.s.ricell, see section 4.3 ..5.3). (These
"f.Ur1butes arQ surpr1:;1n~ - the original vital attribute. 'Scheme nGvar

';'

enCOl"lIpasled t~. 1nf1u'Jnc:e of b1rd-d1sperul on the po~ulati()n patterns
{";

of these SpeCil;', nor the 1nfl ....nc" of dinerent co.nopy 9P41Ci,s).

oth'" .t~rtbutes of f,;,rl!'t and~for.st ,rr.cunor 1P6C'.'. are a

r.lat 1Vft 1Y long 11fe· .pan; and 10018 ~.gr.. of to 1.ranc. of (Itmde'!'
cOlftPltit1on frOM &c.1ulj.s of thft1r 'lWn or siMilar t\1nf.l.. b\l\. ..,..1 i....pS not

o

of (root?) c~t.z(ti~,~ frO\~ ~r.sI1and .peet •••

II

,I.i
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Further tpacu 1at ;001 can riot be made 1n app ~~ 1ng the v 1tal

attribut.s ICne.e. The attribut.' described kbov. de predict SOMe
ov.r.ll succession patt.rns in C TX; froM grsssland, to P •• ".naif
shrubland. then L.s#rfc.a Ghr~bl.nd and finally ~0M6 fOnl of for •• t.
However, a better knC*l.dge of spec1•• ' l1fe-h1ltory characteristics
would be rtqu1red, to explain 1n detai) the ob•• rowed patt.rns of
v.tatation change at a ..~han1st1c level, ~~.r8strategies of resource
us. and plant-plant 1nt8ra~tion. ar. consid.red.

5.3. FINAL ~LUSIONS

This study has ~n lIIainlyat a de.cr1pt1,,~ lev.'. !t .11ow.u
hypothese, to be develo?ld about tt~ nature of SOMt of the Main
patterns of vegetat.ion chenge in C IX. but did not provide strong
6v1~'nG' of ttl. underl ying proc'~"1 lnvoNed. so. 1nadtlquae lal of
tl~ study were a result r,' the reiatively brt;'!dscale at which the

\ '~

"~han9l1 wer. v1'~.d; but 11 ~eemed cle.r tb&t answers to many
questions JX')sed by succon1or'al thVor~"1I did vary with sl~al •• TM
fin.r d.tails of 8pe~ies re.pons~s and interactions would bett.r .~
studied with a Harper1an'populat1cn biology approach (Harper 1911).

In sUll'lftary, tn. ma1n f&lltures of 'liagetation chtmgl found in this
study were 4S follows.

* Species changes were lnd1vidu.11~t1c. Only in hr~ad
phy'109~ow ~ groups could a.rai stages PI obl.rved.

* Th& initial floristic c::ompos'ltion9QVflJrned til" dominant
patterns of change. Cl~ar relay floristics, 1nvolving 'iJrasS8s.
P.evansl'i ~nd L.SfJY'h:IUI, was only found in some sites.

/5)* Most sites similar in 1V13 di~erged in species composition.

* A f9w specie. ~ith consistent. widespread changes, caused a
~H ,d.gr •• of unid1rectionality of chMge. The future spread of
L.serfc.lA; and forest and fortlr.t precursor species w1'i 11 however, l.aad

to con""rg4u1ce •• van 1r, 1nitia11y d1ffArent s1tas. ':

• SIte Ml811orat10n May have infiuenctld sane speci ..s changei, but
.. molt warn tnfluQf",.d by otMr factor ••

""



« ..CMntI v•• '.,teat. 1n arMS fr .. of L ... r 'eN. and .lowut
where thi2 ~1 .. wa. doMinant.

* Iv.... fJ' facil1t.t1on, tol.r.nce .nd 1ntt1bit1onwa, fOCM'MS.
Each 1IIChan1. ~.. illPOf"tant in detAI"II1n1nlICM ~t~rn. of chanoe.
bUt the poa.tbla aiMU1'tneoul oper.t1Oft of III three cc:.pl1c.ted other

patt.rns_ \
'\

* Chanting populat1~:r pattern. 1n C IX r.flected known specha.
1if ....hi.torf chlract.rt'~11c, .

• Speci •• ~~.w)ons at part1cular sit •• resulted in Mall-
ae.l. variation in the pltt.rna 01 ~hanfl.These fnt.ract1onl need to
be understood to tully dMcr1be lUCe.lssion.

(/

()



eeelllll_1~1& ~.opl1n, tftt.nliti ••• f 1s _14. tran ••ct. in ,.73 .nd
!"t. T"h~ect len,th ••• ,••• tl.At._ frDa ••p. or fro••••• uriA'
lIon, 1'.' tr.ft••ct rout ••• Only ,Irt of t,t"••,t 1 .11 r.-loc.t •• ~n
1'''.¥-------.------~.-----~------------------.-------.---------------lRANI£CT e,th.tell S~""LIMQ IMTUSlTV 'roportion

1e",t"C.) 1"3 1'" of '73 inhntity
-------------_.----------_ .._-------.-------------------. ---------
A 131 4t ... I • 1
4 40 40 J' .41•
2 7S1 726 20S .28
1 801 7" 253 .n
4 423 403 237 .5'
5 215 195 88 .4S• US j'5 58 (, .71
7 470 332 ISS .47
-------------.---------------------------------------------------

~tti!IJUn_h}t Plt"""V' of cO.'l'nHy chln9. propDud by Y.ii lif.k H9631
fDr Sub-al,inr .r ••• like C IX.

~-----------------------------------------

()

c:
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APPENDIx 1.2. SpeCl ... identified in plant COIM'tJn1t.1~S
along tr.nse<:ta 1n C IX in 19Se.

ll.l

Actl".a "utata
AJu" cp~ry.jj
4"'0lI0101 .". •• lculltlls
Aatar ~.
mlll,la PQlcttt.a
hchOll_rt ct J(ltoRonoidn
'1ilDtltn is cf IIntre,lIt.
tl.tia utaltulS
t.. lm afmu.
011111tll'OjlO"ft 1II01utm
r llo.m, IUtlClIS
fest". ctJml
Itl,,,diol fill
lkhthrym ijllllrml1ttlVII
!l4l!carrSIl:llltrtICIII
1It1 ithr~!'1_iatyptltlil
Htl1ctlltmhOA tUl'e1du!UI
1!tttrOfl"~ eor.tortd'
(oeltm ,rilma
lmnHl1l suieta
~llCuthul CapeD"
enlu obilqlilfol!a
'Ill.n qudnpmata
Phih~.it mftm
P~lJttll ohltftdorf;lftl
PttrldiuD .qu11 ir.uI
RUQOSi~ I!llycllII
R~~» ,molor
Pu!llx_ii
Seilla $».1
cf Sellom~i~"jlll l,ltll"!l
se~.ciospp.~crt~j)frl
ThuMI trfandr.
TucftVpo," spicatus
!mt,&t~ya lmothr IX
vmoall lIirst.tt
V~hleHbu!ljlllJhm

1402
Acalypha ~'Rctata
Aft'ropoto~ ""tftdlC~ Iltus
Asttr SO.
hclllmedtrl h:tonoAoidU
tf hliHtHb oritrUhu
C_iiu afriean
Djhtttrl\"jO~ tIIIilctens
WOAUm"ticn
Epilobtl. cliMu.
~ItPGChlo. fab
!iejjehrysu, plUypma
lilt Ictl)trlclloa hr,jd~l~.
H.~nfic.}j..r..

tlturopttOft c~t~. ,~.",,,rIm ltt~iOlll'"
' .. laril tr1st.t:1
Oul" ~li~'lf311'
Ptmda.... t II "'
hi"~i' calyc1ft1
"b~1 lvd,lgi I
H,"_ woMll
~tM10 ....
Sr.hutmepllio :ritll,lftHVI
~f UhOUO)(lp~ln 1""UI1
SellllS". 1
$clllu". 2
$lUCID !Pp. tml .. rl
lflltacn,1 lutotllTU
v'I1O#il ftlrStitl

((

TU
Atllyphl ,unctall
A'ilctuoUh Mlillata
4ntropoll'~ ~p.ail(1I1am
manu; I PUftctltl
lucn.ftrmtra lotOftOftClalS
Dilltt.roroco~ IJP lectlU
£1ioum Iwtim
EPlfl1b:uI Clplm
FutUCI tapnna
M.rptc~lol fell
iMllcnrym pllty~tm'1
lItil~!lry,.. IlbracuHWul
HthctotmhOft tur9tG~1W1
My,emu. Ittftl001CU'
lm,rti. pcrtnnL~S
bmsjdu amu
"j.m~kIQI i!lfr.
OAlHs obllqufol"
O~,jjlSljt~jm
PI~icv. IIltlimt
Iltertdiul '4ullinull
~tbQo'i' calyml
Rhu dlSCGlor
R.~n jua¥j~ii
Ru~x 1I000ij
~cMstGst'JhjMIIm~a"lt\lliuli,m, ~~P.1
Se111a $P~. 2
Th•• da t~i."dra
Tfiltac",1 lh~Qthr Ii(
Yarm!l hmb~l

Atllyplll .mtatl
Al¥11~f1'11
Andro~," app~ftdlC:lllatu



'( ~.t.r.",
,mauia .mutt
CoIIIhu ,fmul'
m.tel1llOlK .,I_mllDI""", anM"afrlcau
£hOlm, lilt I(U
fuhel c.rlu
Marpecllll)' f,h
HaHc~ryn.Dllt,.tml
!!IIHebt1n•• rm tigarD
1It1t(totr itheft hrt1QU 1111
IItrMl!.li .-11
IIlPerjcu" lIthlo,lew.
iadt,fm la't1birl&tl
.,lUII'm perman"
le~~O$idn .. Tlcn
_l$mtlln captft$l
G.~hs obll~Ulf~I;.
P,11ill m.dnpimtl.
PhHl"ll mmj
PWI.hl lQII1li"1II
.hu QllGoJor
Sc~lIto'te~illVI vt.~atalf()1JUI
d. $CH~lIllphu. nful
$tum )utl~.u
\\l~...al tr!..~ra
1mtICft1a lucot~rh
YtrhOftll hirstuh

AuJyphl. 9dftmtl
~lpan9wl ",&ratol(n
A,pm'~t .ierorl!l~ijl
Cm. ,po
Clal, afmlftl
CiRf!Ul& ,po
Cjllltl$ bmhlm
CMil ~lt.lmjs
C_liltl,frttm
DiosP1fOi mtrQ·.fricm
Cj~sPflOt wt.y"m
ClsPtm '&u;ftlae
W~uMbttm
bel .. cris,.
f.r~ spp
Gmm perPt"u.
Harp~(hlol falK
MallchrySVI otorltlUJIV.
Hiilchr1~Y' ntrltIlHi"r ••
d. ",!'Ilnll woodH
HJ"rt.~.lItMoPICUI
InOlfOfm lon~lbmm
Ifti1gaf"t $pp.
COII,lrlI.;mUt.
~U(o~ldtl Slrim

NtI1_tIllSnl1ul.',cut"" c~....
MyttS4t 1$ syl.&t Ie.
Myri1r.t Slrratt
011h& ell 11_" 'fol II
~llatl 1"1""lIItl"'HI"" mftSlt
P1Ktr.~tll"tfall'tlll
'odotu~t:I l_tlf~ii.&
'01y,111 '~fllll
~IY.tll ohl'HotflF;~
JIOJlar J••
Pteritld ~W!lIl~1
til.... pr»itoldlS
~h'l.. ~tatl
Rhn dli~~lQr
R",Ar.lIosi~ cuiba ..
RiGClIlUll tmlgu
~ojb.' 1Niwlgi'!
Sc~jltompknl tUta~gjfoHv.
ef, SC~OIftC'lphllll rdul

H.1

Acalypha pumm
Astir !>,p.
Cart .. spp.
Cepnalarll 10~.
(f Cl!tAOpocl i••UP.
CimUla d.ltoidll
tltllt1S bmnlata
eMu utllr.nm
Co.lln african.
CrAm i& "11~el~l
Diospyrol tntro-lfritaftl
futm capml , "
~lllh.romtlfohull
Ga;G~lM. t;rOC1111\1~ts
GtraniUI or~ltllo#oQU
H,.l},ria l~ti~a
IIth~lIty$qilu.~rmh..r~iI
iNlt,hr,SIII,lltvpt&ra.
lItiictotriChGI'I tlirtldulUI
Hyp.rieu. KtlltCPiCli1
IndigGf«ft lO~'lbatOlta
ttol!ot~s sPp.
imolidea "r!!;u
~"mthUl(lplm"~I'sj","ruta
",Othtra mIn

CUlll o~h~'ifcli';
PiPlli 'Ul'rl~lmtt
PlIllj"l. Imsli
Pclytlll phlOftDOrf14na

(i



rtmdiw.l11 ...
"iCOIII calymll
A~.. m ~ruftOI"$
RIIV, ~l~ldr
Rhn .. aut.
Rhy.cMl1I e&rlDlat
~ioCrUljl tmloSi
cf SChl)tftomnllll iliful
$hotiloal,hiwi l'lIIlftAI~
!~!.mIfman
YmCnII hir'h~l
le~ft.r:1mm

Encl_ii
futm mtiU
~cr.ethlOl fill
_lith·yacl m .. ·ftltM
lItllc~r,". lItrlletllf
",lieftr,", licUl1lfohui
lItllchr,,,. ~Ilhdlll
.HIl'MUftll WOOdll
lIttmpotolmtortu
Hypom '", (acu~lr.m?l
.OIIntllllltyJD1CI
PUle'I'ut~l.u,
Pttridill' aq.niftul
bn'lila!WI
$1A!~iohplevoldU
1_cI tmnGra
tmftypogon 'P1Ci1t~'
(rlstaclly, llmWix

T1.1

i)

Bu¥haYI 10m".
tmx spp.
taD~llm~ !PP,
CI.ut1S DIIClllm
Clltll ntalusll
COllllH~llfrmnt
C~lml1p.l1uci~l
Dillspyros austl'Q'dncm
Cerami b'~rm".
CtrUiUII orAlt~opocu.
H~ijctotrjchoft nlrtvlijl
H)ptriCijl mhjopic~,
Iftdllifm 10ntloarblu
~ftip~Qfil fitU1iS
ltonotl$ spp.
ll(IC05idnnrlcn
Mjstlftth~s clpml
MJrsinc umtl
Ml$O$Qtl! lylvstici
OXlltS"Gbl iquHolia
Ptt ittl quecrlpiultl
Plaetranthus grlil1't~!
Fclytda ~~lt"dorfjanl
Rftnd.~tltt
Rn~~4:Icolor
Riocrmil t0141m
Saturn uptlR!
Srhotftoxiphivtl rufu.
Sebltlllm'~l111
Seneciomlltsms
Tyso~ia af,lcm
'ttrmia hlrstuta
Z,hmil mba

Aa 1lpn, PV"Ctlt.t
4~ahphl 'f.linim
Allottr,p&iS sIIIIal4tt
AStlepill stal1ifera
Asttr plt10cuhalu
tunlll,rj, ~CP.
C1Mt\lIO~tj!~l"
Qj~e1InnOii~tl
iiihltttopogen aaplectm
Dih'tcr~JOlOft hlifeli~s
Erica vOOCli1
F.stUCItomtl
HIfP.c~i~. fa Ix
Heilchrynl sloamtul
htlir.hrysul r.trbaml
Htlj~MysuS Il,onilfollul
lItl :c.l!r~su.IIMrmilgm.
~Ilchrysu. ,alljdtll
".llthrY~iI. ~ndata
Htru,ft 11 ~OMli
NetamolQA cel ..' '. c',

~•• ~-) .,<i~1I (;; \
(t,~ ...1(11'1 .",1'4 ~A~ \;:::::;:::~!:~!,-'
Ox&;iS Slith;'n! \'<,

p't~lcarm".,
Plfti~'""klc~il
Plft1m "'talmo
Palla .. ,uGrjr"~ftl
to Iygal, rtlllaR'l
Ptarlma Iqu1hftUI
~u.ha IHm.
Rhn 4isto1or
RuI.. l~dn'il
Schittl 1m,. flml

'12.2

TRmECT ~

T2.1

AtllJDt.a StkiRtlll
~.drol!O"Ippe~iiculltUl
llilltter*". hhfollus

\.' i

'I\,

I{»



Smm en~sCII'
$tlbum ,'lopecuoiin
T~... d, trlaMra
Tr.c",•• ,iut!!$
iftltltllrS lmot~m

!M

TU

ACllrpha.mtlta
Adro,otol ,,""IiItlt'!'1tuS
eMil ~'taloulS
~_llAi.fnml
njMtlro~101I .. ltttm
DlllttmllOlAft +!Hf;;iln
litlltril 1'"
Glr\_~u. vmit_ ••
G.. ~mm~'ftiI
~irplC~lOI faJ.
Kel!chrY"1 wCfflClJlgtr'il
liet.mil ~eodH
rlyp.r:cbl attP.10Plc.l
Kft,~bof" ntulUs
.~llm cr1stltl
loucosiCtl"mt~
Melluth\ Ylilom
~I$mthu$ c,p~ftJe
KYDlOtis $Y;Wltl~1
On1is ,,~il~¥lfoii'
PI~jm natllun
Pelargoml hridul
Pl.ctrl~tnn grit I.tu
P~lnll1ohlnaorf1lf,l
Pttrldlul ,qv;1inu~
R,~ac&il cllyllftl
Rh~s~jmlor
bbu lI'~i9ij
S!turll reptm
Schlstost.phlWI cratltg\ftll i~1
St~ilO~ImUI flam
Tlttledl tri,,"~r.
Tristtc~,ya l'lIc~tllri~
!yMi.lfmm
Ytmn', ":rmta

AU}Jpbl ~~mtl
Alloteroull StIll1,1.ta
btu plt1OctP!!alus
.,c"m0e4.(s loto~mjdts
Dihttt.rODOtoAUIIJlctm
Glr.etlr*'fIM nlifohus
l'til:~rf.tII wurmhgt'lil
Me.-,uail WOOGli
l?hnt It '1lttllllCl
t,~co'ldea strlCti'.mu' .allluM
Ptlll!!1 qucriDI~nltt
Plltldl~' 14~111nu.
Rlftoli! aHtra
RI!lVs l~GWlgjl
Stiburu al0~Q~ur4idn
n'tIIJI trilftdrl
Trmachl: lemtnrix

AClirp~1 pij~ctatl
AIlot.ro~1ftIsl'illata
A~thos~tr~ul herble,ul
htlr pllloc.~halvs
Clitia nltt1.u!!
t_linl africm
u!OsprfOS mtro·lfr1Clftl
FutuCI ~ur'ftl
Ft~l.ll sPP.
cf Galton1, yindif:or.
Harlltch iDa fah
Hailehr,Sd (I~mtiui'lll
~ahth(rm~1I\t1Pt.ruI
~0I1ari&crmlU
teL md.. scrim
(xllis obilQyjfoHa
J'~~lCMI acklonJi
i tliri~ !•• aqNl11nul
!l\dt;~il CIl)Slna
Lv~l!s lvdMilii
I:~~;. _ooGH
::t~O~MXjP~l~1lehur.ni1
:i~lm.r.04lflorn
It!bvrUi l10pemc in
:r~lItdltriu~r.
in. W,I l'mctllr1x
Im"flll ~trStutl

12.6

Aca1~pha~Mctata
~'iirilfli;~ii,t;:\ i
~1'PI"thus CUJianullM
Mistolil pedumlltl\
A$paraiU u,all~l~ts
lerkhl" cf sPt(;im
'4r~hey,tf s~_ci'u
earu sp~.
eMil nat!1mis
CDWH~aafrima
Cramh )l,inau
r.aliul 1I1ttelltrflU'
G'jnnm pUllen.
G.thr IIpflc~r.
"'l1c~m:!.Udimhtlnl



~ii(ht'llII ,lit .tm.
~"tritlllaethl"rCUI
L.,CtS1QU "mill
Miscuth~~:",11'
Myolott. syhtticl
OnU, l.I_ll~.lfoltl
rmc:alllUlmt
PMHppil amlH
poh,.l, oh1tAiorrliu
Rh~$Qimlfl!'
Saw" n~t&~'
SC~l$to~t.Dhllll c, i:ie,it~ilul
SchirollOu., $~~,

Smcid ,trrarW
SUe~l$ ~P~.

4c'i~~hl ~unctltQ
Al~la o,lIrYGi$
itrkl!tYI r~uotltj(a
Cuu a1wmt
C.phllar!1 sp~.
Clutla ... 4l1.nlli
C_l lu afrirm
FIShel costl~t
Ca11U. 111tteKlttrtM
H!f~.r,M!llfib
HtlichrY!UI VHrltlih9tNI
lit tietotri~~c~ Ljtr.j~u111.
tmosidu $lmea
Me1iant;vs v!1losus
~jmllthusea~m
Mohria uffrarUI
K~o$om $ylnti~a
",mAt tfman.
O•• l1s obliQ~ifoljl
O~·iis$litMm
Pa~j~u.Jlltl:mt
Pel&rg~njilD al(nAlliHoldn
~o!ar9ofti~.lurtdul
Pli Ilea qUltnD!AII.tl
Phi11PPII mftSH
POlytlll ohludorfim
Ph~$41scJlor
Sawn I.~tm
S~ntCiombescm
Vtrr.onl. hhstdl

TU
A~.lyphl pun~tlt!
AftiroPfJtoftIPp.n~lc~ latus
ArlltldllOftti~ol.
!1r~Itt)lrhlPo~tjea
Clm spp.

97

Cilt:l..tll,un
COIlItllfta .afriCaftl
mmla peHII~ld' msp.
bracn,S.tlla
Fesh" cIJrlU
F;cillil.P,
~arPtrh loa fa}>.
rieliW)SIII ~...rmli'tiUlfI
IitHmrs~.pllostllkl
llllictotritilcft turaidiji':1
!!etll,~~II~Oft ,ortt'ftu~
.lIjP~I;1 riMlfs
mmfd~\ sarICet
Mjscuthus capan"
Mohria c~ffrorua
a,aits obliouifllha
nulls $lltll1t.r.~
Panltuf' nltt'j~~!!
?eH", qudripinr.ltt
FlllYU1. c!llendorfiua
R~bYSlil~.jJJi
SCMIftOX1Dhju!! lelllm1i
rr.neCI tmrdl~
'frathrpc'U!i s~lcaM
Trim~n1' ltlicothriA
~4hl.ftber.i& fmit~ja'l

Anaroo~s\)n,ppe~jlcuj:tM
B«r(~e11 I'hap)nt iCI
Clrt; zl,Ilulm
iiihettropoeon ~1P1~c~tns
Dl~ettl~pugen fllif:ilius
Dl(rs~1rosaustro·afmm
El10nlllUS lI~tlu
Gemiul mjt~op6~;U'
Harp~chll11 falx
Hellchry~~.. Amll'M2~S
liehchrY5vll CYIO!wll
Hal'i,hrymh.rbm~.
~HthI1SU' ~ar~mu,
!Ie1ic~rys~1I.j'!)n~ ifoli~.
I!tljcr.ry~u_ ¥lbtICvligmll
He'Ji~hrlsull sq~:l.lCSUIl
iklictotrlcho. tUigjd~l~.
Ko.lllli, ::rlstata
ltOftOt is spp. \
tt~COS1dll "rjm
Oulj, ohliq~jf\\1i1
PlftiCWi "'t&lma
~ll1ut ~Uldriplmtl
I'hjilppia tm,h
pt,tjaly. m1Hnut
Rum i~dlli1i1
:;,imt"!t~p~1uamtltgifoiiU!

,-.
"



Stneci~ Ofe~ftm
6rneciombmm
s~13~UI~oa1i!orUI
S~lbm5 4iopmrili~r)
j;,eMul tm~~u,
~m!l~pI)3M SP1CltW$
TmttChra lMOt~fll
W!lIi.nb(;~i! funulatl
~anIMoel9ja :,yrsrl
Ze~~er1!mta

!,c~JlIP~l;~~:tm
~~1i"(}~nsO~ap;!n~li.,Ul~t~:l
Ca~M'i;~alfnma
Oit~tmpO~O" uulectm
re$t~:!~a~m!
5~r~niuli !)jrittc~M:;li
Hmw:;~a ilh
Ht'ii..lll'iM U.~mljiqmC
~e1'j~hrYSl!l~~Hla(i'
~~hctmjct~n targrJiJl~lI
~~elarja~ri$tm
l!s~trtjs. ~emm$
,~;~um';~:~sem:u
G~11;s obllQliifolla
Pt!ri11UI tqu'tlinvII
Rijbus IUdll1911
Sanecia b~plWlli~~S
SMe~';~mamenr,
~~~eejomtlcm ,\
S()lml noaiflorull
1lieHcatm~dra
instat~vt le~c~thfjx
Zemrl1 s~abra

i3.5

Ac\h~;u~ijCmtll.
A!Ugl I}phr~alS
~njropogc~ !ppe"(lir;ulaM
Cc.. eiiu Afric3.ra
a!t,et~njP09Cn ~.pleeterl";
(pilebiul ce~mt
t~stm c~prlna
Gm~iuJornithD~~j~1
fil. ;~hio~falx
H&l1r.hrysul Aureo"nitens
Hftlichl'Ysur. glQMeratul
HellchrysuM hnrbMeiil
Hejjchrys~1 ~311idu.
He!ictotrlchon tUfl,iculllt
K"ipho;~~i IlKjf!or~
~ftlptClfjl r1tualj~
~(\ellnl crist.tam

reo

lem!'t'i~vmnnm
tm~J\dea Wlm
MORSCrli! Itt~mtf.
vAails Cbliq~ifi,lh'
Paltrgonm: 'iurlQU'
Ptendj~' ~J~j'!I~~1
S'~ttIO tupk. );'e:;
Smclo ,1:e3m;"i
Senwo efll~ucm
&~; J l'!OI~~tu~
S~ ;CI!SIt 10!1l!i

,f~~ ~lo~mr~la!S
!rimrta trian~rt
'inc~~!:~ac~~~:c~ty~
i\ .~t~c~~!!mothl'~x
mlMb~i9~& ZE)~m

A1;~!~D!la~~~'tata
AJ~ga ~p'ir~dls
A',;~rCr!c~~n!~~m;c~htu5
Dlr.tt~mp\)~~:1 "'Ipltct~~r;
Fe~Mi Cftpml
H4rpechioa falK
"eljchr~s~1(li0Wi
Hel'i~hr~mgiamatu.
HehchrySUI herQaeeil~
I1fiichry$~~ licor.1ifoilij,
~GlicnrY1~'uemuHgelul!
H~lt{htym plillewl
fi~lichfYS'I' platypteiu!I
HelMotm~on wgld~lu.
~oalaria cmtAtH(~)
Lemsltl~l mien
f'elti~u. r:atal&m
rt~rjdiul aq~jl1m
R~~J~ iunlrilgH
C !lex vo~djj
~mc'!o bUDle~roldn
Sm:io afegmu$
Emcio ~;ubmens
Smcio inornar,us
Glcaru$ almcuroides
ThmQ! trmdra
Tracr:y~l)gcnspic~tus
Tmmhya lm~thril
NlhlMhHgj~ SQUII1flliil!.
mj.n~,u9j" l'!yMfi

13.1

ACll~ph. pu~ctat.~
C~.li"1iIlfllcftn,
Ojhetuo~Ggon D,plactm
nH1tt.eropogon iilifahu$

!I
},
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S~~O~lllw~nju.\~nli',\~~l
$Ibm Imo_llYlla
SAQtelu Du~lwtl'dU
S'ntelC ~p.\ :mmr'i
i~ftMaa trllftdr;"
imnypcgoft ~r),;ms
:j rtmt.lIYl lmothrill
mlfn~If~"hS~lculm
W~",!t~h~rgja la~il!n

'i'iot:rmj~mlllltl
Ari,teu ~.dmulltl
A~tl!t"lrflllutMs
n:t~lllnon! ..
Oitltero~OSc~ U1eimm
nl~mr~rn~~nf1l~tO~WS
ia.:m ;;~st~U
F'=inj, !~p.
Hap~m!r~~~tpm
H'i:ow.lcl f.;x
!iall~~r,~II'mtNlttM
kr! ~ChJ!i ,,~er~~ml
~limY5~' .ic¢fjjj~,,,l id
~~ichr.~ul!j.~m~lig~fc~
Helimym ~~11:nu!i
~lhchr~~ulp\jml!~JI
~~~QX1$!P~.(mljilatii~}
1.~tO~OtliCOlvlOOSl
MOn50ftlt ,t.tmltl
C.~'ji5 i'~l1qlllfoiil
r-1,ni(UI ~';,~lem
~~lllUqili4ripinnltl
~end:Ii altm
R4>l$ Imi911
SMtClfjdresum
SmtiG mtmm
3mci: j,mQUlrtm
Smci" SUp. (m~parl
'ih!~d.. tr!lndr.
!racnyp~9\ln$~lcat~~
if!1tlthYI, i~mt~m
~~r.lftfthr9jll(I~t~n~
ManltEbergll\ sam; ;''1!~a

ActhphC ~U"mtl\
tndropo~~~ appendjcnlaM
Cephllu~a ~pp. 1

C~lhl;f.a afma"
UihetuopG40n up le,tm
Dlhetmpogo!\ f1l Ho l'i~~
~llmfUli .\It 1(11$
F,ot! YO(J~i i

I' !\ ji

~'utmfil~tltt
H!rPtt~:o~ f:i~
~'11~\r~svlmtc';\1tm
l1t~lrMjS~' ~enll;:m
H'ljci1f,S~III~~O'llfOl ~I
HehrnrySlJ UI~m!~i:~~!'~~
ile1ic~ry~~.Pl'il t:UI
l+t!lttW'~M~ t"lfgiQillul
MUIlIQP~iO~ '~QntHt~$
~JP~r;C~II lalandl,
~~!~hl!h.ia~if!cr.t
~~.hi~ ODliq' ':I,Ol1l
~uh~~Ilth;m
r~~!m~m~~m
f:IlIIDP13m~~H
Ptf.riCli1' l~~:~1rijl
~abdo$jaclhmt
~t"d;'i~al~m
r~m:~dlilgil
sm,; iiGmwl
~r.;1r.tn"Xlat,j~1ruf~.
:meiti b4P;WQI~U
S'I,m~eill~c.~mAit. m
.!lthotom ilG.
Sml!i~ s~~cWUWI
r.tib~!ustlmcJr~id~~
1'h •• ta~tr' ln~r!
I'rmy~(l3{l1ispitltill
!1'!sheh,t !!ellcothHx
~ef,~oni~MrsM&

M~jO?Qiv~ ~pp~no!M&tlll
Mthrlm io~glsty lUI
Alter ~erft<Hatli~
8efk~!lya !~!~o~tlet
R~:tJl)'tih'l, ieU cmrepnes
re~hlllu 11 spp.
Cep~,:uja s,p.
Cintl3.ria ~gltol~!a,
Olr.mlo~cg~n !Iplmm
Ojhete~l)p09~~fi'lifo 1i~S
t~Jjlln~rtlslutllUIi
Epiicbiu. captm
hltm mt •.U
M~plmrpimpm
H~!pftChlo.. falx
H"HthlYl~1hDI~tm.
Hf,l j,hrtS!~ 1\1CC"'if a1 lUI
lleliehri:;~1 PIIlntltola
H~lichr~m ullImullgml!
litii,~,l~ljll$~.
~.lletttri~~on tljfgjd~lUll
~nlp~Qf1a ld~lflm



, I

Mh1ll1;1 !UtVI1l1Ci
t(lt4":l~jS l:~'rtbm
nuns QiI!jq~lnil
OAt;jsyHhim
Pei1jill ~~ldtlpimU
t~ l'ppla 1\',~Wj
ttl', I~iu.Uil1li~I'.
~~"Jhi !1t,r~
M~!,hjQ~!S;i
S~tb.CSA cell'.var:t
S~hmQA1Q~11llfijf~J
~..,~cto hp'lmoid~$
~,mcjosp~, WU~.f!
;,1tltd" tfiMj d
'flClln('lg~~ 5Q;mll~
inmcft)l luc~tnr;x
~ermlA (,,rstutl
W!hl~nDl!rs:~l!¥~f~j

Al;~tmg~js SU!lallt~
mer p~tttdi{lM;
h'~ht~~rf,a~~iit1Cl
eMil Jlontio
Crmul~~etu;m
Gl~mrm~v~n~I~~tm
Oit.tteli,'~~;J~flNflH~j
!ilp1umpl m~~£t
:i!I'P~~hlila fa Ix
H!)lchr~BIIIl'J(n'~itm
HyfrtriCUI !a13nW
Mj~hom !Uif!Cfl
K'il~llNtmtlta
tMonotis tor¥~=m
IIrrsj~eafrim\
C~~laslithmi
Panitul natlilme
Peilm ~naripjnnm
m~~m~ahsjr~
Rl~ij~tijlu~ etlaparj i
neMlil merl
~ubijs hiQwigh
/Sthjzo~!oml film
S~n.cill t~Dlmo'jdfS
St iams aIU~8r,u!e id,"s
T"ete~l t!lMj{1
imh¥pDg(l~ s,j~\Gu~
Tmtlchr' 'l~~mhm
ml'~b~r9il~m'ihlia
wah le~b.rGil ze~h~r:~

m~tenIQ~l~Ulnlht~
~"~rcpClon .·P~'~d;c"lat~s
Altn ~p" i,'t')~~t\it
g.r~h;~Arh'Qontl;.
ChitL~ 1I:If\~;COll
2T !1sm;m

~a090« ~jpICMn$
: ,;i1~ijIUI!"'1m
:;.' Ip~thl(i~ llK
~"l,,:~~m.1\'01\; 1rOl111"
~{eh~r,rjMu.~rac~hgml
He'j~cnr,sll_ ~!Ih~'11l
Hal,mm .Qn~11
HYPSi:m hl!~a:i
~~i~h!lflliHHll)!1
MOhriar,~ffror~1l
M~n~n~jllttm~ta
M~rsii,!lfri~,"~
'Jxa1i$ salt~~m
PanlCYIL ~!tAle~~G
f!!1m ~1i~dnvjMaU,
R~baosj" cll~S11'!
~e~~!ia.1~~1'1
Ru~u~MW1~i l
Cmcio M:WC!{j~3
Sm~IIi:i41~~e~mj~!S
intH1t tfi~ndrii
;Ilt~jp~glj~ ~P~Clt~&
irl~~'.'C~YIimothm
liln lr.i:U~':I1 :!~~~fl

~cti~~hl~u~~tm
And!~P~!~~append i~Jl~tijs
hchmo!ael4 lotn~nnoidel
Djhetero~c9~~at~le:~m
njhetf,ro~~2onfll ifo 1m
Epilo~~~11·~apme
Hamel! ioa f41x
.:l~iit~r;~u.mIn nitm
,; HIH~hry~ul ~lo,"ra~ldl
. Hehci1rYSUIlimjjfll)jul
Hsl!c~r~$CB u~tlml19mll
Ilelicnff3ijil i1a111uuI
Hareropog~n ~~l'tutt;S
~m~tja mty~b!ca
~~nsl6"Ia nt.~uatt
i)UllS ot1iQ~lfo1i.
PlniC~1~ktll.m
reHm q~!Qr;Pinnata
Pttl'idj'41 Mujllnijl
R!ndlip. tUm
P,ub~s iU~\jj9h
Sr~OtMxip~l~. lehmnil (?l
SmC'i~ evulturc:idu

i \
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Eml WOOCP
r~$tur;t eapma
ijl;'PiCh~~1f~,h
~l i:r.rY5UIImlo'nlten!
He1ichrjsul t~o~eri
Hli;'hrys~1 ;lelmtul
i!t lj'~r,3~11h!r~lteull
ilel1c~rt$ulllljmi1fchul
~!l1chr~!UIu.tmul1gml
Hei ;t~!'7SUMPI1hd~.
HeHchr,su, pl:m,]luI
Hmmia WOCQjj
He!!ICpo!on ~ot,torM
!j'Wjt~. laia~dii
Koe~ar:lcmttta
~ohAut1a!tltYlblca
leucmdea Sllncel
PaRieu. natal~r.sa
Pellua qv~aripl~,a:a
\)t~ridjal1 aqlllllr.ul
~I;tus1~o~j9ii
~UIeXm~ji
SeneCiG dregeiftU3
Senecin~rub~stm
Stiburus alc~~c~rvlcles
ihp~da te'il~dra
imhypngnn spicatijs
Tristach ..: !mathriK
Hihlubergl: fUC1(Llai.",

13.8

p.taly~M paMtQta
~j~gao;hr1d~s
;ind~opr,90nappar.diculiltils
BucrenrM~era lotono',lides
CO.li~1 afflClM
Dih.tli'~pogon Ilpll!ctm
Futm caprlnl
Gu".nmr~rpms
HAr~,e~ioafsh
llel1ctmul cecum
l!tlj(hry~u. ijibrlcu119frUi
Helt~'Qtric~~nturgidulul
riYPSt'\CUI aethiopiCul
Knjpfl~fjl ntuahs
koe!~ria crlstat~
r.ohautia untytblCl
teucosiau £emu
~'or.sonlaat(ftr.UltQ
n.ll'ils ob1i~"ifoljl
P1ll1c~1natalme
Peiargol'llGI lllrldul
Pnl.'lala chil~dor;tar:a
Pt~r1diul aqul hnul
Rabd~&ia cllYSlnA

S~b~s!~dIl19j1
p.UJ.!~ ~~Odll
$c,histosteplliul mttegHo\j1l1l
Sm:lll t~~1eurcldEs
SenecIoeru~mm
Smciomtidm
St jb~rJS a l~pecllrOl~es
ThtiM trian~ra
TrACh)p090~~P1ClM
imtachya ltu~~ti1rix

{:e!h~h!p;.;~Ct1t4
Andl oP09~~ a~p!n11~U latus
Caf!X 5pp.
Ciut'i! n!tele~m
Colttlina ~fmana
Epibam, c!p~nse
FUtliel c!pm!
F~~tu~lmtat\
~ahuMfotar~lfohlf'
Gmnl's ornmc~nrtul
G~n~erlper~m.
Harp!chl~a f3.h
~hchrysu. caoratiSSi.~.

tie1'jchrysul pJat YPteru~
Hp.lictotrlencr, tUfgidu 1~1
Knlphofll fituai j~
cf. Lmertlll sp~.
leum 1~!!semea
M1rslne africau
O~!Hs obhqUifohft.
Gulls siithlana
Plnic~1natalme
Rabdosil caiY5inl
~hus dl~coJcr
Rubu~ lljd~jgi I
RUMex w~odi i
Schistost"~hjul crat.egl fo 11UI
Sc~omxjphju. l"hmr.li
S!neCiO ~uplml1idu
Sen!f.l0 ~rubes:m
Sentclc 1narJl&~US
Smelo isatldm
Tri$ta~hy!im~thm
verno,lA nirstuta
l~hl\erje. m~ra

!l.W
Clutia~IUlmis
[pi loblUI c~::e!\$e
GmnlUl Of!titho~odu.
He1iChf~S!'1I~Mbm~l'lll'~ii~
cf. lesm~ lit !Pp.

!\
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MrfSllll If~1CIlll
Ph,tolm sp~.
Ptlriaj1l1 mii1nva
'lidoSi, "'rma
R.'us 1_011i,1I
SUI(,iOiu~lemldn
SenecIomanms
!ntll<la tmnGr.

11.12

AcalrP~i ,.lIttatl
Al10tmpm SUnlttl
~ftd~GPOfC~.,.~~i,"llt~s
Itr_IItYI rr.a~~t;cl
Cyphll a1th.
Ojhtt'r(jpolO~~l.~tm
f1j~nwm aut ie~s
~&rPI'hlo, flh
~~hchry~u.Idr'O'n1te~s
!If1iehr1svi giOMratul
»tllChtYSYI u.rmllgerul
Koelam mstltl
OXlhs oAiiquifolia
PU1Ciji ectlo~ij
"!lleUI natl!.nse
Penau qUtQr1~;mtl
Pttri4hill l~~j1;n~.
Mus ludwlgi!
Smc1C1mrm\,;s
Semla $~p. lst'~C,;'vI tall)
lheMdl trwri\a
Imh1'1),:~ 5piuto
Triltacn11 imot.hrix

A.~rCPofC~ app.,dlCuhtus
Cl~tjl ~ltalml~
hI :n01•• captn~1
i!erp.r.~lo, falx
IIthchr"uI ~.armH: ','U'
Pt,riCllil ~GII1hn~1
Rubus ld~i(ji 1
SuaCl;) bll~lmo;du
Slft.cia erubtStM
rllt"~1trilM'1

At.hp~! ,Uftct ~tl
mottfo.m ",.illat.
Cluth uttlmis
C_li,t afri!,,"~
D"I.tlruPO~('A,.pilctm
nill!pyrOl mtr(l·afrima
tiiomu ..tim
Feslm ca_riAl
Nupeenlcl fab
MtJjchr~slllulirmll!lfll
Ko_luil cristata
Ifuco,tdea $trim
~~mja Itt.nuta
M)nj~.afrletna
Ox~ljs ",miiu
PaftlCUIT nlta1me
Pterid!ut :1q!lill~il
Ra~domcl:1sinl
"hlll d jseo lor
Rum lltivit11
5~hMnoxlphivl lthllimii
SentcjQbuplm~ldes
Eon,elo .rube,em
Simla IpD. (stjC~~,um
1I11NUtrilildra
rr~chypolO~S,lcAt,I,
Trj':t3chya le~(othfh
~I,"o"il hjl'~tutl
WAhl.Abtrai. ,~~ .. ifo)j.
Zehneri, mbrl

i3.14

\clly~ha pUftctm
AIl~t~rilpms'llll~ta
mtr plmcephalus
O,",ttropoga,;.1.ctm
Har~~h1~1fah
HllichrySUI tlomatul
lit Iiehrr'" lIarb,eeMI
ilthmysul Iltbrmh,rul
K.temogoA to"torM
HrperitUI aethl~pw~.
_ollana e,r.jmu
Dxahs obHquHolia
Panluli ~!tlime
hHau QUldri~lnftlti
Pttridiul !.q~'l1nu.
RII~U}u~wigll
Smcig Q~plmojo,~
StfttlC1C mbmm
Gmcio ~•• {cr.'wI
$t~bms alopmraidu
Tnt'MUltm~.ra
l"ch~pOfoll sph:atus
rris:mya leucethrix
Wahll.ln~u.il sq.U!f61ia

T3.15

il.ll
Ac,1yphl\ schi~;tZi'i
A1M~'~psil ,t,:ialm
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Mnaift1 IfrlCl1Il
~~,~o1m Sp*.
Im~4;~1UV1!im
~tbooSjl caltSlnI
Rum i_a. ISH
Sentelo bij~imGidn
Smcio mcums
1!It.. al ~r;,ndr!

r3.12

AC'iyphl ~!lnttltl
AHot,repm Mltalat!
Aftdfopc,~n ,pp.nOicu"lM
a.rkh.ya rhapo~tiel
C1Pllii aleta
~1"ttii10pOgOft u~ lecttftS
I:honur~s IIiL/CUI
Hup~ch;oa falx
H,l ichr,13V11~:.o·nHm
Hfilchr,5¥1 glclerat~.
HtlichrYSijllJllrauliplu
~otlarjl cnmt~
a.alls GDhqwifolla
~ai\iCIII,e~1cnll
~a"!"J'ftltalm.
Pal1aea ~1I1arj~lrnlt'
IIterl~j~. IqU!1ir.UI
k~blls IUilwig1 i
Sm~lambucm
~fmjO $~p. (St1C~'YIum
.H!IMd'~f18,dfl
'ImhypOgllA s~;eltij'
Trimc~YI l~mthm

~~~roPo9~nlopena jcu latus
::,ut ia ~ltai'~SiS
[0iloll\~'e.p.~s,
Hmechla flh
Htl1titrys~. ijlb!IClIligm~
rleridivi .q~ihll ••
~vbijs Mwig;l
SentclG ~uplll.~eldu
Sm~iG,,"bucm
lnnlJdl tri5~~r'

A~lj)~hi pu~ttatl
Alloteropm ""illtta
Clijtlln!tlllms
~o.. li"a lfmlftl
9ihtttropogon t"P 1actus
Ulospyroa mtro'afrittn,
ElioRms luticus
Futilel Ciprlnt
~arpechloa hIx
~hchrr:.uaulbrmlltml
Xotbm cristltt
imllsldea"rim
~r.sonjlltte~listl
Kyrsifte.fncm.
Oulls s»lth~m
Panic_. ~at.lem
Pterid lUI lqlli ~I~~I
RabdDsii c~Jysinl
Rhwsd~sto 10;
Rub~s luill19H
Scho~~omhiu.1.hunnii
S,ncCHI bll~leuroidu
Seattlo ,rublsml
Sanecio lIPP, I sUck)., tall)
The.. d. trilndrl
Tmhnogoft sp~~a~lI~
irt.hchy, Itucot.hrb
Vmollli hi~sMI
-alllsnbcrsil sqmifolit
lanneri a scabrl

13.t4

ACtl y,~l~linttata
A'l1cWOg,;S snial&ta
As:,er pl.iOtlrhalu~
Oihl)i~ropogoft UpllctlRS
HarPt,nIa! fa1x
iIellchrysuh glollratul
H.1iehrY"1 r.fr~aclUl
Hli lchrYiVl Marley I191ru,
Htteropogon tontortus
HyPtr:CIII atthiopiUI
K~.ilri' cmtata
OnllS ObliQulfolia
PaftlCijl~!tllmp,
Ptllm miripinnat.
Phrll1iul aq~i11nn
Rubusludvitii
Senecio bupl!urojQe~
S&ml0 mcesce~$
Smelt sp. (crt.p.r)
StlDms t~op'moim
Tmeda tr;.~~rA
TmhYP090ft ~picltqs
intlchyt laucothrix
Malllenbtr9!l 3~~a.Uclja

nt15

n.1l
A",!ypht schlntzii
mllt.rop~'$ ~e.ill'tl
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T3.1~

Ale,lau Ult1"1'.
AI1~ttf~"SlS 'tllalat'
Aftd(CPglO!I lP!It~dlcu latus
~nt".riCi' fon,lstrl ••
_nthOlWI.I htthcm
MimI. pldvml.u
'stir IItr'o illtU!
,.rkll4y, r~l~ftt lea
tOhalaril S,
CHffortll ""mUolil
nUt1lIOAt'f.cl~
Crmull mllio$l
OilMltroPOiOftJ,,'lctm
Dl~.tlfCpo9C1I fiW*':hS
Utoftms IUtlcu
Eplloh!ol ",I"st
EU~rll$tlS~.IIS1S
Ericl ¥o04H
~~pjocm. mposa
~tr"CMOI til.
~eH'hrySUl! Mrt,lcm
!It11~k~!sv. I1CO.llfohu~
l:ell:ht1n!l .~tlC4J4
Nthcnry~vlulllHlul!g,rua
1I~ i:~rysv. pallldul
~.liehr1S~1pr1csallul
I4tHct~tmhMt~i't'dulu.
!+IhCDhila r19:dmeu1Q
ijlralAftl1 troel i
~ettrllpC'ft contQrt~~
~1p.ntul 1ill~dji
Jftlpl'1fil \&.\if\m
~niphofia fufl IlL l:.
~,laxlflor.l
JOlll,'il cnstltl
Mhntil '.ltYI~jCI
l,dtHliti. l:ooHrl1
Lotonot i$ car ~"osa
"imt~iOI clfra
Monm t;lffrorul
None.ia ltt,mta
a.lilts obliculf~ha
Pan leu» ftltlime
Ptilm qUIdrip1mti
PhllipPla .ymh
PlmlllS\$ serlcm
PSUhtrophI11ri.~thl
~udlii llttrl
Pftllm prl.ol~es
~ubu' lud~l.l i
~t'blOSl .0b,bull
Schuoglosm flma
~C~9Iftixipr ,I i.hI!annl1
S(,bau .ltfQ~hyll.
Stmio hpl.lllo1das
Smell) tf"".'IIS

~j~mro~~goft.. l'Gt.~s
IIthchrY$ijl glOMrml
·~ljd\r!sll. 'ltrUcnk D
tie Ilthrylill ~lirlCIl i~gtru.
Httmpol'l" tottortvs
Culls 0011qQlfolli
rUltuI ft.ttlml
~.lIltl.,&dripimu
SeHc1C mbucm
l!1tll4& trmara
Tr.cft~pot~"s~mus
"r! 't"~r'!tlltot~r;;.

ACtl)ph sCl:1nt~il
~!Iot~ropm sel~1iltl
Di,'hril fla~cldl \!)
01h.ttro'o~. f1 '1ftlHus
Frl:tllsta Clpt"'i~
Friel vl/tdH
~1'IOmJI mpou
IItD.nstrtt1i o,~tatJ
IIcHc"r~l". demarpijl
fltHchrysul maO-ftlteu
Hfhchfym IItrbaml
~~Hr~r~m,jCOft mol jUj
MI" :ll ij..m.h~'tll!l
itOhchryul palltdul
~tlir.~rrIU' pIlose llul
litho spml.~sis
HtI1lnm .oedit
Htteroo,gon cofttcrtv~
H"o~Is ".. (ae~1I1ftltl1)
L~mtis .pp.
to.~.t11 $iilp )'!l
"IRII1.. thvdcul
llellsil dlftt~Cllilti
Q~.H~ obhquifoHa
PlnitUI .~kl~ftiip,na .. qndriPlnutl
P01Y~l11 nhllftjl
R:~ii1111t.ra
Senecio brtfid,ntatus
Smclo hpl.midu
SenecIOmtmm
Thl.. da trll"~rl
Tm~JPo~~s~lCltn
iristlc"y~ !mathrlx
•• nlnbcrgil IOntlftQ
Wlhll"btrlll ~~uUlifoltl

ft.l
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;~-( SNell mDml., JIo_lOftlt.ttlhttl
Slf'1C1~I,. (~re'~tl Ol411$liill_~lfoha
5.... ,io $". lHitl&1) iGrutlr) Pule•• maIm,
Slli.r~1llo,.mo~i.s PeH.I. mdriDlftUta
;_.a trla'Cra Ptma~.. UIIlhnul
lm~y~~) sp~c.tu _.n411A t1tm.
irlshCllyc 16l1cothrlx Muiu 1.dll',11~••1""1'1. fUClt11lta ~":,\"r:'; l, dll lelllmh
Uhl.... "il .. ,.Holu, SIdICiO bUDlmQidu
W.~l.~"rJ"leY"''' Simio tfubtl(ep~

SeAIC!1I '~. ~mtperl
in SH.ftt u_d~iAtl

5tiplru :tl0,,,.roldes
And!'OJQlOftaPPtad:clIlabs ih... ea tri,Wl
cf. Arg,rIlIODtl" SPJ. rmh1p~goftSP'e.t.s
,.,hllam ., rflStlt~~' lmot~r'~
eo.. liulfmm nllienier'll fUClC~iltl
Crpru f4pntrll 'raml, SOD. •• nltnbtrJii l.ylllrl
f~llobl'l C~UI
Har~'hlO! fill T4 ••
'tt1!c~r~'vl tmO.,nlteftS
1M!Ach'fl.1 '!(I)~ilfolivl AClfy~ht pmt&a
lit l!chrYlul .lIIrlt~ li9tr~5 Aftd:OllOfO!I1PIM.dlcMlatus
Htlir.ft'Y'"1 r:11hdv. Ivl~mylis I)ritr.p~u
",DlPC •• lalu8il COMt!:u Ifmanl
IIon$Olillttmita FestlClc~ml
Oulls oill'ktfolll HuPtchlut flil
?U1ClIalttllnl Hlhc"f1SI1t ~.brmllftr¥1
P.ll~tl qluriJimta 1M1icto;riehor. tllr,iilllul
P.~n41lttltm (ollarl. crlltm
Rllbus l'Jdviti I l.mrtil ptremu
Scho&nixh:hlat 1.lINAljj llltmdu IIfltll
SmelC luplmOldu .... 'II dtntlclilati
SClIlt10 enbesCifts O•• lls ~bh~.lfoli,
Smelo st. ic:rltlPtrJ Fnlt~' ftlulma
St lhrus tloPlcUr\lllU Fe!&rgoms lUfld~1
1!1tMM' tr !~ndrl P,i 1m q~ldr!plnnatl
~tlSUt~JI )mothnx Ptaridiu. AqMi J llliji

Rhs discclol
H.l Rubus ludilltl I

~mclom~mm
Androooi\ift (Pl'thGlculltUS Sme!!! sp. (creep.r)
~'ilbost1Hs oritrfp;U SHm u;'duI,ta
ulhtt.ro~fCA wllctm fitj_nd a}ppecWfClldu
Erica ~oodij 1M.. t', tr mdr,
'f.Fi~rillstfijs sp,. !rlsUchYI lmothr:x
HUPtch'!oa fib {mom hirttMU
Hththry,u. lur=~ftltm

It· S i.)lII!tchr, ••• cO(! j
tltl1'~mul liCOftilfo!ill
hll1r.hrlsill »"(lc.11,m. Acalvp~1puntttta
"IHtnrfUI ,flhdal AftdfU,09011IPp'ft~i(~ 1ltU
!!t!imtrlcMII turiiduiul A,lthtr1cul lonaut,l".
Kmro;oJO~to~torm hclltftr~eml lotoMft01Cn
HYNii:uI Illaft;!~ IIIlbosty:is ontr'#!l1S
lllCO\idln,mll t1~taftltltmlJ



AJ'Sl ~-rrQl'
A.. rOJOIO' _wi,"latu
Itrk~·~~IIOfttUI
al!ctIt~f~.m iotoallA01U'
tlutl1 UhllU1$
tOllelt .. dmul
Dlh,taropouotl &IIP!iCV~'
81111tfrcflOtOl f1Hfgl1gs
D1USW(lS m:rll·africlU
ftStm (~tHa
~UtlCI cft.tab
Guam "rpnll
KH{ltCft10I fa!>
Itt11til",.1 ,1(0111 ifo1I~.
He Itehry,ua.rm i1,erwl
Hthctotmlloe turtli¥lul
iiyperliid •• tftNPICVI
HyptriCUI 111f$~'H
kftl,lI4fia rltll.lis
~O.autl1 oU, ••jei
l~otjs m.
~1I~mldnIlfltll
~r~lUll1mstrlctl
0.,11$ ~~liqllfl:hl
Dull. SlitMIftlP,ll." qudn.imta
PhUipp1~ avulll
Pt.rj~j~.tqlfl11~UI
aa~d9.jt Clllliu
Rhus «molor
Rubll$ lild~t91 1
Rv.. , wooell
Satm. l'1,tUJ
S'h1st~m'hfllCmtll.ifllljvl
$tnltit iw,lmniitl
hRlcio mimmT_, t!'jlft~ri
lri.ttthya iucothm
TIIl","!l SIP.
T110IIillfriCIU
verrmia Mr.tutl
Z.hHrll 5cftbrl

, I

14.1

AClhm ,mtlta
AltJidtt ultyltml
AMropofQRljlpn~ic"ms'.r~."',:(,~fttUI"rtlll,. 1~"Q~t~ca
lIeMftToedtra lotoftofl~idU
~.ruwm
Cm. I~lm ..
C1Ut14lOfttic(ll1
Cl,tiautll"'ls
C_l1~'.lfriml

10(l

emull "ll,cita
Ci~if¥r~'mtro·,fmllli
£aPhOnia epicmrlnlU
fUhe, u,nta
Fmuca costata
bll~'rotuftdlf~iiu.
CtllUl vlUtbtrgmt
GlrUlIlIl""rlana
G4.mlllt orllthoptJ4.,
Gmm ~rPtftSI
H4IlIlCkIP' mpou
Klrpechicl fa1x
IItli(hr1StS •• rac:u1 :~tnI.
",hthryn. pllt"tmt:
lllii(tomch," turtidu ijl
lIYPlrj~lI ... thi091C~1I
.al,lIofi. rituch,
l.rr~#til $II'.
l((Surt11 peramu
m~O$ldti"nm
.. n .. aHm mj~t&
It..sj~ dut ieu lata
Onh~ 'tllqvifol'.
Qulls Pltftlant
P.l1.u qulCitJplnnata
N,ctramn ~(..l1,tu
hly .. }, (I~lf"Q~rfiilnl
pt.ri~II;' lqyi:lnll
~,~sla tllymc
Rhus discolor
Ril'lmllll3. t()U1OU
Mn ludviSil
R... x _~I
Satml r.pUlls
S(hlsttst~.hlUII mtaeg,fal luI
Smcjomlllem
ly~~il afmsnt
Ilnnma SC4Rr.

!U

Smiley. 1O~t:m
i:uexaIm"
~llltIII ."tAlma
,_lint ifriClftl
truStla "llttlGl
nIO'~)rQS'mtro·dricana
£pi1oal~' 'H.
lie l1~hrys... lIlntf"l9tf~'
IIIhctotrtcho. tur'ldlll ••
Kftjp~ffa ritual I,
ItucoSidli stnCIII
Xmlll,lltri strtm
Onlb o.1iq~lfoih
',illtl ~~Kr!pl"utl
PolU'!' ohltft~orfjul

I,··-::"-_-

iI
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A:f.lnll'~· ~It I
Aju;a opwry.. ,S
A~1r~potcRapP'ndlCulltus
~lIt~'r1t.. 10.gattht
ef. AroyroioblH s~e.
.,~"t14a lO~tlc:e-,
~:maJ.!i.pmjl)ih~
~S~ml'$.'c~om"n
Bel ;IIItJllOlltau
aVC~'ftI~,ra lQtoftoftoidn
Iy lbostylll or itl'lDMS
Clrntum
C.phalari, 'D~,
tllti' .&tlltulS

C_' 'U It \ftI
CrHs41s ,.lluClO'
Cl0'la cor~:fol11
Jlll.ttto~OfbA OII'lctans
~l"'tnoO''" f'l1fo;!u
GIsPlns raUlme
futuct Clilma
GallI' (Omdlfol~d
Ga'10 1I1ttl'lr,m •
~ar.chi~1 falx
MtllC_r,nl "icomfoH~.
liIhtllr1hl *rluljllr~.
~Hctotn,ftOI urlla~lijl
Mtl.",octoft contort ..H,,.,,c •• UHlIO,lCIII
KJwie •• ;,;..,dll
UllhCfllrltlJlllS
1000Ilt it IIltyllllCI
Im.tts sp.
Lmom sp.
~mO~lGU Strim
l1thOSlllfl_a offiCiU 18
..... ,. ~'.~leQim
?u'is OD11q~lfol11
~Xl1t' Sllt~i&ftl
Pth!C.' utl;e~$1
Pllar30~:u, lu: ICVI
Palliu Qv!dri'lftn1tt
Pftll1p~il .~a",ll

Pol,.111. ohh:ftGorfml
Pt,;iGIIII &qll!lift~l
~1t60m cllYSlIIl
~hucf. p~~thtr1
Rh~S .. ~utr.
R~ijS OlSC!llor
~IGmmltonlon
Pubws hOwit11
PWIU wootli
Slt~r~!repttns
Schiftosttphiul CrlUttlfollwl
S,hlZ0i loss•• f ltv",
cf. SchQtnoli,I!1¥1 l'''II~lIil
S1fteC!O bup 1'~roiQU
Smell) "tubtmu
Seftlc ill i"OI'1l,tu
S.mj~ 1Sltlim
Seatciol sp. !crupUI
TI!tM41tnudrl
l~l .. ia tr!!IId fa
Tritt,ltftYI lmot"r;~
Tulb'JI!lI spp.
~mCftil MnMl

,.. I,... fmm
O;l!tttroPQ90' fl il:'~du
futUCl cuml
~lrptet!101'lle
IIIltthrym tltfDlCtui
~lH;h'YSlllllCOll1fr;11.1
lit; l~hrthCulIl'tCul'ttrul
litl,,"tyut ~lll;d51
• 'lcbrl'" ,:ltf.tm.
1Itl!(t~trl~' t"tld.lI11litter'". ~torto
Ichul1l IHtJ~"1
LldtOll'tI Mtlm
MoIt .. m tmmti
IIdIm d.. l ,c~:atl
Ottl" ODllQVtfolll
PUt, .. 'Cll0~iI
PtllCIi Aml'lI~
p,lugoma I,r:...
~.11"1 .... np'ftUU
Po11,sll Ohl'ft1trf. \~.
'tend I.... ~!l1~~1
PtA~i 11 a,fter.
~h.l 1'''11101'
Rwo~t Jij'!,lg: i
RUM' ~(!~~ll
Saturn r!ptm'
St!lotftOll.hllll !lIf••
Sc11ii nttwou
S~.ICl~iu.lturo Ide.
Smcio"'Hsem
SII\!C1O l~nutu
Sme;o '~. met.-r.)
St hl'U 11(1"C~n)1t11S
T!leltcla tr fum
1rachYPCllOft "'Clt~!
lristachJl lmothr'
Vtrllo. it ~1 'shU
.!~ltft";tiafum~lm

H.T



Satml I1pta..
''''eil) mOts,,",

U.18

"Acal,ilhl Plftr.tctf
Allotarcpm ".1l1ltt
~Mr~ ,"tRGlcvlltn
_,tlr ,1etotlOftllu
heN.romf. lotomGldn
BulbosHiis ontrtphu
Cm. cerm
I, 'U !uiuans.
tnllllljft~ Afncm
erma'" ~tik
Cj"'tm,.,- , ..picctm
Dlo~yrO) liI;MlNfmm
£pl1oiHI. IgP.
Kl~,.cb 1", fab
1111itill ml tOO1II rt
Mlllt~;In. Nl8f.C.lltitUl
*11chr, ... platymru.
11(' 'totr IchoRtnfldllllll
IIIIr'~hft" WGH!1
~ftlphofi, iuif10ra
lniphofil nt~lHs
«OIlari. cmtlU
lo~••'tjll11tJ"ICI
tUMttilwmm
ltumi1U mic ..
Kmgql1trt strICti
Ktcroch lot eafr,
~ftso.ja lttmatt
On1il uh,llfolil.
Fella.e ~uGr1p1mt~

, PolY9I1&oII1tftdorftm
Ptlll~l!111 amllm
PYtlUc "~""1IIA4r~1
Rho «IICalol
Rlbll ltdW11ij
Satma r.ptm
S•••c!o sPp. Imilltri
The.a trilRdra
T(IC~j!IOgo" spicltlls
trjsta~hl1 lmothrj~

T4.H

Alll1UfQJs1S semllta
Afttllo$per.. , !ltrum.
I.,tar PI1rfoI IItu
Oi~ltmpogoli fj llf;!lllls
Ii&r~,chlo~ fa Ix
IIOtic~rt'u, 1,,(tIl·~'it.II!
.!IIllchrrsql 9i*rahl ()
lItlichr)sul 11co.iifllli.1

101

IItllcr.rysll lO.tj~ola
lIt1lophtlA pgjdmeula
lItrc&ll~il _it
htUrtPOtol toIItortn
lotmtl$ my."
~som atttmta
P.. jc~1ftltllml
~ln,..m"min
Rtftdlllllttri
d. Sc~ot~mpMv.l~III'UB
Smejl,t GrtfllftU
11lt1tCi1trludrl
luchYlIOlOh SJlcatd
'it;$tm~1 lmothrix

TUllmT!

Actl,r~a pmtatl
Ati'ltmpsls ilttlilit. I

Aft~rop*!I ap,..iitlllhS
ht,r pleitCl~ill ..
'UCMUotllrl 1ctOAOftG'.
It'flX tlld.n"
Cilitla lIIu1mh
~*,lilllfrjc""
a;IIIt1tOlJllfOfI~1.r.ttft!,
E~l1"h.ea."
~nQ'''1 511•.
;iSh.;a mrHIli
f ilbr10sUl;1 !~p.
Glra.tull arAithopot!lI1
Gmera lMf"m
MtrPtthlOI falx
Ktii=hrl:lu 1I.)rltllhlJ9t1l1
1It11ttotl'fcl!a1l tYrIIMg,
H".rieul Itthiopiell

/'<~lIjpflcnl ntulis
; 'teucosiiu $trint
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StHtlo.emmm
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AiloteroOl's SUililti
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lessert u ~rnftlRs
llfmii .. Hmll
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~' Thi fr.'QU1.fl'1cy of pr'JItl'lt'1t snd ilbs~nl':. of lut.1i k..y "FU1." iil
each ~el:t£op "Of tr,ar,'.ct "'IR" det"r.lne-d. "The ~r."u.ncl" frc,..' 0

1) He, NIt SP(.Ub'JHi which ffoll tn th~ ~.llI'I' ...... ie un ... nt.l ql'ouI' w(.,.
~u~~~d. ThIs '.sulled in Q :Oqtj~q.ntyOt~ol'for etch JP.~i.'.
rDnt.l~ln9 th~ ~r.qu."tv n~ pr••~nc•• nd .~s,nce of th.' ~p.c", ~n
.".:h .1'~·trO,n"ll'It.l qrou;L

1\

4.1 tU!l ctll of th .. (,ont:iI>'J .. llc,y lIbl." ",H. thIn t'onvprhd fr\~" .,
fr.·quflncy ..OlJo·t 11'lto " r.t"IH1"'~la, rturJull, SR, D thlt nch
,pnin. CHild t .. C::b"IHH'.d on n IIlqihli fortu'q. :rhif SR of ~ ~!!IJ
"'XIH 1''!..., .. 11 thfl' Tlu",b.r of ::.'I!a.1d' d dllvUt:L.10!). 1Jy- ""hah tOI' c ount
dfR~rt~ ~r~ •. a cuunt 'Mp~tt.d if thr ~p.•tl(S ~~nw.d no pr.f~r.nt.
~or "Oy gniuD of ill'! Itn..nonr.p,'It 1 p,u·.lJllfl'h,t'. It tilla. qUAnti f,pd t.IH~
pr~,ent.-.b~ln(. ff~pa" •• 0' • ,~.Ci•• to a p.r~~tuJ~r
'HI,'r;J'<III~~t.l group {Strahl~r ! ..Sl.

~hfrf' ,';"0 t~ t,tu' ,Ob!ilfr'l!ed fn:'qltflnC'y i.I till! ltll ('()';i iloild Ith
t.UUKIf of tn .. tiil!:llp In:! fOo U ttl'.? l"):~,et,t~d fr.qllf~.tr ('If thlt,
(IIt11 ~r;~l.nJl ..hd ,i~ i n Clll 'li>quMeQ h5h}.

fhp CDrrEct.d st~nd~rdiz~d res ¥~l. SR, ~djULt.J for ~~.pJe
".J 4: I" 1;;

ioI:I'NI!" I"~ 10$ t."" OH ttltJll +t,r thtt ith "oiotJ r , t,ll. (.ulu"'l" lotll
f~r th. Jth cDlumn, ind q is t~~ ~at.l fr~qulnty of .11 r~i}s.

P(l,d!.~Yp SR." for t)'!t' pn?HmCe rows jntht: ..t.e prefl'rf'm;l!: br lit
~~vi;~n~tntal grDUp. ani n~Qatl~l" S~·. inaitlt~ 3~Qtd.nt~.

\1

~\ n..SP'!S tr,t,"j p,1(~h IHU~njnl!!!~rlt;l' pC!!;,'~t't9r "''tt' usuUetl ,nto
lltitnt..E', 'It 'iPf'C! ~'i H'Ws.) bV i.t ./~ rl)nl!'II~L·\:tl qr (lUll H:D1UlIIrll;' , :m!.J
th~ Irt~n H,I» tC1t' \)"llIotit t't! .. in. f'uh "rpH.lt&ly .."tNi'd lilf',i1 It
r~ pr~qr~m for analvs:5. l~e f.ctD~. obta{~~d ar~ l~ft un-rbtlt~d.
nl?'l~,h' A!; th"e IIIt.1t! thp hdol" t~athn9~ r()v~;al tlH~ nAtut~ '0" t.!'>"
or~hDgDnll tr~~d. 1" th~ ~~qet.ti~~ whit~ b~st ,.p~:~t~ thp
''I'!jVirMlluntll, 9'IH.II-''''' fStrllhler P'iS'. Stlt.her 1l1ots of ttl" hr,1'nr
.. ~:(,r"',! lioh('II' hnw t'tll h ':,\)Ii'(; I eli> r ""ponds tl< tit!!' Ft-\ iiHdor$ <

b) lIu' SR'; frtll!l l>ilr:h pn'"" pn.not.ill Pilr~.f't()r "l'ft' r~'au ..,'bll"d
HI~(J l!I .. tnc~", i)f I'.wir'()ntlll!'.-;ta) tjroop ,;, .1101 .. 1 by !OIH~ell!'s tolumnsl
ann r~r~ 3ep~r~tel~ !~t~red intn A fA prDgr.~. Thi. R-.Dd~ FA ul~d
'h;t 1,"01'- rrotal.1c-n E'tr>lhll"" Fr,lt_u H'F Objlh:t tlll'loq tv Idl-nt.Hy And
1fI"";Jl'lb~f' Ul£~{h.,b·'dl~f!!!dll (If qr:Hlps nt SP"t:it~ wit.h ~ll'ld~f
>,r'~,'t:H:<tl',.f' p~ttl;>nl!, t,e! >:i-H' fin'>!! >'I:""nt.al filctr'r$,-
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APPENDIX 3.3*2.3 a) Species frequencies in plant communities (derived
from NAA, Granger 1976) in 1973 and 1986, and the resul ts of tests for
changes in species frequency between years significant at p< 0.05. The
a-star ist ie, or Fi sher' s exact probabi 1ity test for sma11 samples, were
used. The direction of change is given: i = increase, d = decrease.
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COMMUNITY 1973 1986

14.1
14.2
Tt3
U~4
H.S
Ut6
14.1
14.8
T4.9
14. iO
14.11
TOTAL

91 4T 15
29 14 Q
~8 28 1
34 19 15
33 18 14
34 23 11
39 n lO
38 23 21
12 6 2
30 18 2B
15 19 3

403 231 130

3 15
Q Q
o 3
1 0
5 0
12 Q
14 1
15 1
o 2
15 12
a H

4 55 10.1 d
Q 1·9
o ~o
o 31
o 22
Q 26 21.1 d
o 19
o 12
o 4
9 9
8 10 '16.9 d

14 2 t4 i
8 0
9 0
19' 0
10' G
3 0

11 0
12 0
Q 0
~' 0
o 1

9 0
o 2
o 0
o 3
a 5
o 1
o 6
1 2
Q 0
U n
o 0

o 0
a a
o 0
o 0
4 5
2 9
2 12
2 is
o 4
1 1
o 0

o 0
o 4
o 2
o 1
2 5
a 14
6 11
5 26
4 5
o 5
Q 0

9.1 i

8.Q7 i

a 33
4 4
o 1 0.034 d
2 2
7 9

11 6
16 11
15 0
l n
11 3
o 8 6.07 i

1Q 0
a 1
o 0
o 0
2 0
1 0
2 0
o 0
o Q
o 0
18 0

2 2U 5.47 d
o 4
o a 405 d
a 27 5.9 d
o 15
o 6
o 25 11.5 d
o 21
Q 0
o 7 3.9 d
Q 10 16.8 d

~ 7
o 0
o a
8 0
7 0
1 0
4 6

12 7
o 0
o Q
o 0

o 44
o 5
o S
o 11
o 22
o 11
1 20
4 12
o 1
o 23
O. 2

1L4 i 40 a
7.3 j 9 1
13.5 i 11 12

11 0
4 i 11 0

S 0
15 1
11 0
o 0
14 0
5 0

12 45 5.04 Q 21 221 2Q.5 dan· 3 7.12 i 10 19 11 49 7.95 d 20 13 9.62 i 59 83 4815 d 33 1 2 143 34.5 d 34 20 6.2 d 5 171 19.4 i 144 14

Q 16 10
1 20 9
1 22 18
o 23 6.9 d '; 5
o 12 4
o 25 12.3 d 5
a 18 8
o 16 10
o 5 ' 4
o 20 R
4 10 17.9 d 0

o 1
1 0 '
4 1
o 0.004 ; 5
a 0 i 1
2 4
o 0 j 9
4 23.5 i 11
a 2
o 2
o Q

o
a
o O.Qu1 i
o 0 i
4
5
2 4. 08 i
9 6.9 i

10
o 0.001 i
o

Q 0
o 0
7 0

10 0
6 0
5 0
6 0

14 0
4 Q
6 Q
a 0

o 0 5.09 i 4 4
o 0 1 1
o 0 0.016 i 4 0
o 0 1 0
Q 0 0.039 i a 1
o 0 1 2
Q 0 a 2
o 0 0 4
o 0 0 3
o 0 0 0
o 0 2 Q

12 181 8.TS d 81 11. 51.8 i 48 30 33.7 i 58 0

56.2 ; 30. 0
32.9 i 13 a

1 0
1 0
l; 3

4,47 i 1 2
9865 i 9 a

3 0
1 a
1 a
o 0

o 0 27.4 i 16 11 76.1 i 69

7.12 1 5 0
o 0
o a
o 0
o 1
3 1
1 3
o 11
o 5
o 5
a 0

a a
o 0
a 11
o 34
2 16
4 21
a 24
6 21
t 0
1 3
o a

~3 ;.4 i 21 63 21
G 0 2 ' 21 6
6 1 1 12 9

13 0 Q 29 8059 d 8
9 0 1 a 7

12 5 0 28 16
9 0 a 20 9

'5 0 Q 17 4
o 0 0 Q Q
11 a 0 t 3
a 0 11 0 0

51 20 ~
19 0 0
27 5 0
13 9.69 1 18 0
21 13 0
345
17 l.99 d 6 1
100
000
12 9.47 d G
1 9u42 d a 0

171 9.49 d 71 1

G 9
a 9
o 19
o 0
o 1
4 0
o a
o 0
o 0
a a
o 0

2 16 41 84
5· 29 14 25

14 45 21 48
2 29 10,9 d 7 22
o 25 16 25
o 30 18 24
o 36 5.8 d 1~ 26
o 22 22.9 d 0 3
0, 2 a G
o 29 4001 d 13 20
o 1§ 13 13

43
13
25
8
14
16
12
o
o
15
19

9.36 d

5.49 d

11.9 1

5 14 136 65 35 16.1 1 48 199 8.02 d 39 4 38 23 338 24.7 151 291 1559 32.
T5.~
Tt2
T5.3
T5.4
15.5
U.S
H.1

TOTAL

31 19 S 40.1 i
14 1 2 Q.017 1
30 14 0
31 14 19
H 1 12
40 15 ~c
25 12 4

t9 0 0.\103 1
& 0
1 1
10 1
1 0

13 2
o 2 0,016 i

5 17 12.4 i
2 1 OQ05 1
o 1Q
Q 26
Q 11
1 26
5 10

18, 0
4 Q
l; 0

11. a
5\ G
6' 0
3 Q

G 6
o a
G Q
o 5
o 3
o G
o 0

4 3
o ":'IT l' '
o B
o 9
o 10 0.009 d
o 4
o 0 0.021 i

195 as 12 1S.1 ~ 55 6 10.4 i 13 101 4.3 i 50. C o 14 4 45

i 14 9 a
3 5 5 Q
4 4 6 4
2 11 13 a
o 4 5 3
1 11 to. 8
3 a 0.021 1 3 ' 0

o 0
o 0
o 0
o 0
o 0
Q 0
G 0

o 9
Q 1
a a
o 0 0.00 d
o 0
Q 10
a 9
u 2914 61 16.a i 51 15 7,88 don

1 a
2 0
o 0
4 0
1 Q
1 0
t 0

o 25
a 5
o 0
a 22
o 9
a, 36 26.4 d
U 16

16 0
5 0
C 0
8 0
2 0 0.003i
2 0 21.1 i
5 a

o 8
o 3
1 11
2 18
4 lG
10 16
2 12

16 o a ,113 4.74 d 38 o 41.8 i 19 78

1
3

La i 12

12 19.5 i 18;
a 0.05 1 3,
1 0.029 1 r
2 2 ;

,a Q 1
o t
1 Q'

Q 0.035 1
a Oe006 i
8 1,87 i
to
9
o 0.013 i
~

3 a
4 n
14 0
3 a
4 0
5 a
t 0

a 0
o 0
o a
a a
a 0
o 0
o 0

34 16 24 i 29, ,\' 15.5 i 34 0 o o 0

a 0 a
o 0 6.43 i 4
o t 2
a 0 2
o 2 1
o Q 2
o 3 0

o 6 7.24 i 11' 0

o
o
a
o
o
o
o

o 30 14
051
291
323
041
2 36 12
1 1 0.029 i 3

o a
o 0
o 0
o a
o 0
2 0

11 O.CJ d Q

18 10
5 2
11 2
o 1
o 00003 i 4
6 4
o ' 0

36
o 0.01 i
o
1
1

11
14

f8 33 14.t d 1 a
4 5 4 rn

2 6 i a
1 16 4 a
1 0 U Q
8 a 0 1
2 t 0 3

4 5.3 i 8
o 0
o 0
a 0.02 j 3
2 2

34 t(
16 1

23 63 36 65 ~., d 16

o 31 18
a 11 4
o t 3
o 26 8e05 d 5
082
Q 40 f3
o i 16 3, ,

a 139 6.71 d 48 56.
T6.1 33 11 a 1 0 0 2 0 2 2 0 0 19 4 0 4.22 i 3. 0 0 0 0 1 a 0 0 3 1 0 0 11 ,14 0 0 I 19 '12 0 5c4 i 4 Q 0 6 S· 13 • 7 3 10 2 Q 0 5 COO 3 0 ~ 0' 4 t l 1
T6.l 18 11 13 8 Q 0 16 1811 d 1, 0 2 Q 0 9 4 12 16 2 a u Q 15 9 0 0 13 5 0 0 8 '10 0 0 1 15! 2 13.6 i 13 0 0 0 0 5 9 3 6 3 5 16 15 0 0 12 3 0 1 a Q Q a 12 6.91 d 3 5 5
n.s 16 16 0 0 0 0 15 12 a 0 0 0 Q. Q 0 a 2 0 0 0 11 10 0 C 10 10 Q 0 3 0 0 0 i 13'~ 0 Q i 13 Q 0 0 0 0 5,8( i 6 I 14 11 0 0 16 13 a Q 12 9 2 2 ~ 0 C 1 16 4.27 d 11 14 9
16.4 8 8 Q 0 2 0 8 6 0 0 o· 0 0 0 0 Q a 0 0 0 5 O. Q 1 d 0 0 0 2 2 4 0 a 1 0 2, 0 0.032 i 6 0 a a 0 Q t 4 3 0 0 0 1 0 a 0 a 2 3 ~ 0 C a 8 1 a 6

TOfU 15 58 uS 9 2 o 41 25· ? 4 0 o 28 8.1 d 8 12 4.22 i 19 4 Q a Q 32 19 0 o 28 19 4 o 28 25 a 50.1 i 30 21 29.2 i 44 0 4 0 a 11 8.28 i 2~ 34

o a
o 0
o 7
a 8
o 1
·0 C
o 3

o 21 35 19 to.8 d Q 4Q

6 : 1 I 40 22 30 "2I.

8 81

2l 1Q 31 0 @ 29 4.24 d 12 4

H .1
T1.2
17.3
HI4
11.5
H.S
iT.1

10 1 9 Q d
38 21 21 22.3 d
35 ,2 4 6.6 i
90 48 43 1c4d
85 28 ~2
53 18 0 0.014 1
21 5 a

o a
3 8 5.76 d
10 a
11 16
8 0
3- 0
o 5

TOTAL 332 155 125 iO.6 d 35 32

o 3
o 20 14.4 d
1 0
1 33
o 50 5.04 d
o 23
o 0

a a
2 0
1 3

12 1
9 2
6 43
o 7

o 0
o 1
a 11
o 21
o 20
Q 0
o a

Q 59

5.26 d

1 2
5 12 4.4 d
8 13
10 11
1 8 i.96 i
o 0
o 0

25 52

o 0
2 5
7 0
13 8
10 1
o a
a 12

o 4 0 2
o 34 ~4.1d 2 4
o 0 3 3
2 27 15 42
o 8 7 49
o 0 0 22
o 0 0 0

o 0
1 0
1 0

11 0
16 a
4 a
o 0

G
o
o 1
o 32
5 48
a 48
1 4

1
1
I

7.9 d

o 0
2 0
o 0
4 3 20.6 i

19 a
3 0
1 1 0.014 1

o 3
o 38
a 19

16 50
2 31
2 11
3 0

32 25 8.82 d 2 13 21 122 5.05 d 39 0 9.65 j 6 135 16.2 d 34 4 32.6 i 23 152

10.1 ]

1 a
77.9 d • 0 0

13 0 4.44 i
20 ~ 19.1 i

23.5 i 25 0 63.9 i
20.1 i 15 0 10.3 i

1 0

o 0
2 2 26 e 8 i
4 21

14 26
20 8 29.5 i
5 1
o 0

3 6 0.05 i 0
18 0 3.9 d 4
12 11 6
21 0 0
18 U 0
2 a a
003

o
j) Q
t 0

o
G
a 0.014 i
2 0.034 i

75 2 93.8 i 45 58 45.5 i 74 17

o Q
o 0
1 1 7.15 i
2 8 5.07 i
o 4 19 1
3 to 4.82 1
3 2

0; 0
1 2
7' 1

12· 17
12. 11
9 14
t 0

10 2 9.83 f 9 25 30.14 i 42 51

8 42

Q G
5 0
1 10

11 1
o 3
8 a
1 0

6 G
26 0
11 a
36 0
19 0
1 (
o 0

o a 0.001 1 1
o 8 5.4 i 14
Q 4 6
o 42 4033 d 13
2 51 11.5 d 6
2 0 8.19 i 5
1 2 1

2 0 j

5 J I'!
, -4J

o G ~
9 O! 3.9d
1 12.4 i 7 ~

25 14.4 d 0 ~
70:

52 49 5.48 d 11 oz

o
r: 'I!'
y 'J.

o
G
a

o 5 0 2
o 3C 44.4 d 0 31 31 4 d 3
a: 3 3 1 1
o .717.81 d 26 HI 15
o 81 39Q1 d 10 i~ 11.6 d J
o 52 39.3 d 4 34 8.09 d 4
o 14 4 11 1

o 0
o 0
1 0
1 4
3 a
10 1
3 0

18 5

o 10
Q 3d
3 19
o 70
a 68
Q 0
o 0
3 205 99 426 14 ~ 101

'I'
I~

'.J.
I ·

l ! o 256 96.3 d 47 159 43.6 d 21
i
!~

'",

I."
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13 40l
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60 359
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31) 249
1(1 2:n
58 i58

U5 10~
30 q()
16 !i9.9 10·<B

~ U··15

H 22
16 3b
4.2 5~
33 74
25 85

121 o~
26 7:;$
20 82
~~ ;·01.~~ lbS

5 1l:S
31 21)5
za 235
24 2M
;;11) 'l19
21 ~oo
16 lib
lfJ 332
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&~f'~lll_~LaLILQUldr.t nu.b.ring for 1973 and 191b in .adlfi.d HAA
Dto ••wn1ti,. as us.d in this study. (Countin~ in th. «iiT.etton of th.
tr&rIloHlct nu.bu'itr1j, ~J'I'n".b" eu th. lnt qUlfilr.t in .. ,1'1 tCl .. unlt~
h oiunl.

CO""UUITY
IN4A, .olHf ed}

1~71
quad",.,. qUld.no.

-----------------------------.--------.-------.-~~IB&!fi~~L~
pcslt
TA.!
TA.2
lA.:'i
rA.4
T4.5
_'Oif

10-24
30
39
49
S9

i -14
2()

I, ']9
3"
49

lBAtffiGLl
pol.
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B.2
J.loJ.

1 ''2~)
40

H!MUCI,i
ptlh
T2.1
T2.2
12.3
ro,ad
1'2.4
T2.5 (Itrlfu)

n.i!I
T2.7 f.trn.>
J~.8
11.9

~",T2.10
12.11

,e, 11.12
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n~1
13.3
n.-413.' (,.tr,u)
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13.7
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f3 ~ , l'[
13:9 r. ,Int.
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f3.11
'f3.12
H., J:'I
T3.14

t w2', 1 1 {,-.S r

115 38"
U6 U'

;(14 ! -21
290 I, a;~ I

,I
313 '41. }
3U 52 ,i

350 :5.\
sn \eO
505 '13
b16 142
7U. 155

lSQ l-O
n!.2 21
6% 43 ,',

632 ~4
bOO U
:574 rt
532 lOS '\i4-46 t21
ltJ'Z l3(l~-~5.:,-il) 0

3¢OM;'\04
~bO ~(lQ

;S~t'i ~.lO
3"1., 3t>l)
~5" :;·:54
l~ ~;;Q

o
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T;.15 150 3l:l0,27' ,10'
t!.U (poll) 1-131 25'tol'
poh

188~UCI.!
H.tl '''~/- 1-1 S 1'-19
T4. t is-to 1-41
fold trl!.:k)
14.2 -;

1!~ hi
H.3 193 89
14.4 2t1 l~)e
T4.5 ~50 126
Itr ...
14.6 284 149
14.7 l2~ 171
14 ..8 {Itrlt .. ) l61 194
11.9 313 200
T4.10 "0$ 218
rtin 9Iu",-
I8efjU~L;:
90"
15,1 i95~j!S9 1~JI1100~101
T5.2 14S l:5,ilO
T~.3 115 Z',H5
T'.4 (,tr ... ) 84 32 f' 21T5.5 (nt.ru.l 6.1 l7.1n
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I@~!!!e.~~L.
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""'" ., ........-trf'-""" __ """hi 1~··_8""" .......,.,__,_~_"' .. ~"'_,iIIo_,..- ..... '"""·.... P~_t'oor_""" ......... " ..··-,.. ..... """"" ........ , ......... :~·"'"'IiN ...

(j



jj

12e

~e~l~il!_~~~!~~P.th~IY. of ,uct.'lion in C XX propo.ld by Qrlo,.,
191b.

IJ :;'~, !,' ..t. nn.11
\

rj

Il
);

Such, ~i~*.art 1.11"•• 1)), or.cuj)ud by _Iillolt pur. cDAlMunHiu Ut
Nfr.lu.lltr~ .,co.,~ii Mhith in th. Ible9c. of fir. qradu.lly ~~tO ••5
ir;:nd.d by ,put .. ~uch ill Ra,.J1fttdllS hurd And Clif:J,h.
li.t.,,1D'i~ ~o11a~.d b~ LtUCo51df, JP"~'" HOM.vvr, fir. ,.rvld to
lu~rlhin "th. !Jrushnd char.r:hr o.f ihlt If.uuwu ij 10 "het
.urC~"lon "4' he'd in th.t~. E,tlbli.h.d ~r", of L.slricta ~op.~r.d
to .rt ... fuci fro. whu:n v.arioul i1nodat",d woody ,ptcin IU.:I\ Ali

Phl1i",iil ''''Ult '~l".. d lot.O ,urroun:h~CJ .... th l:\d grits du.inahd
to••~niti.a providtd f1r. ~••• ~tlud~d, Whlre fi,. p.»ttrat,d .tlndl
){Jf .. til'" rip.,.un L.uncu I .uel'! IiIor, op.n th.rAchr M" i.plrh"
i~Q thi, ~.4.t.tion &nd Bf'khfV~ .o,.,_~plUI IP~Cj~1 .yjd.nt in th.
e.rlitr ,t'Q'. of ,~ct'ISlon b.t ••• abundant.

bl Vlli,

The .i~Vl. vlti in e IX occurred il .n al_olt l.v.l art.
lttlltdiltuly ",.. t of rl~n~gltlg .. IX SR. fh. first t:o.. unitin which
invadld t.hl' ",.ry Mit woil ..... ,.. thrill< in wtlJCh IiPwr'" "uth u
Of~ot~fr. rQsea~ G~~n.r. p.rp,»si, El.vch'KjJ dr'~f.ftlr Pycr~us
o,.forft»sis, Scj',U$ tGlt.t~J, S••,ef' lnd Thfl,pt.ris con'lU~»J
"'1IrS! do.inar.t ... hit'. ~Qih IIIU. Ili(Jhtly dri«r4 Et"u}rostir cu,JII..1I
appRlrRd to hlv. betn the dOMinlnt Iplci •• in Ilrly lutt •• lion. ~*t~
thlt 'HILlliQ~ t'f Hr" ":'1 uf ttl". tDUunltiltl diuppurltd. Onth.
w.Udt lih-, tbi'l IU' o~hn found ~o all' dutt to th. hvniort of
rUhl.4 clI-etth •• hi h ron th, dri.r .r .. , Andropogoh .pp".d~cul.tus
ippur.d til h':h" inndtd Itlfhnlh.l v , At this .hll', ~.tJ);i,ht. "u
gln'l"ally ''':,I.dld by aplr;lU .\ith as f'hrldiu. .qlliAindlt and I:lu.tu
»'t~lfPJiJ. iu:h F'~tu('-Pt,p(dju.-Cluti' Ind. ~••pP'ftdlcul.tuJ
dD_~n~ttd co••uniti., Wlrl tht~ lnv.dwd bV (.'tri", to for. "h~t if
It tlrISln\' o.~1'~"4) ..... t.)p~in ,. •• tur. COol.';l'llty. This !lI1ght N,ll
~.co•• , e.tur. L,.r,iCf. dD.~n.t,d to •• unltv.

I'

Vj

I)ucthul ((au ,,~qllt w'il htlvvb.,n'lI ...,lv dOM,,,,.lIt. '" !I'"
NtfH.1t Ir ••u L,un'ul,: WI.. th. ntxt VPlr:U\i ..•Olt 1Hlth lo inv.iJ.;
'it, t"r'1 il.\I.dttd by Hiso"f~ll' "~'flHfJ. lihftr •• oils _It'" .'iQhtly
drler, it ,.#., th.t Y~r'O~1 SW~.~iD .p.~i•• luch .1 S.iJ.tid'~1 Inij

((
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S.U'lIr •• hts .iqht invAde ;;hl t.otT"uh cc..e.unH" il,~d in turn b.
r.placld i:ly P •• "uiiuu. ,.,iC'ltlt dhr".l':n .. .app•• rld to hold to tn.
Hj$C.~th¥~·~t*rldjul-Clut~. ,"._un)~y.

On th. "_tt.r Slt•• tb~r. 'ro ••r~d to h.v~ b••n dire,. j~¥I'lDn
r)f L.urHU If"'ch ultll'uttly d.vltlc;p ..d tl'~O ... iiI uro :.ur.'cu
co•• unity. In thi. I.qu.nce, P.r"",sJi, It1'1!'u~1'I nr~!l"ntf aid not
eD~ •• r to ..Il i.portlnt in t", uhbhr.hAeJ\t t"lf I. <~d('4 ." on th.
1••• -It .it... In thl'. l.~t-.tntia".d .rtA~ th. ~J,cf~tbuj-
Pt!r~diU¥-Cluti. tn••unity "p.~r~~ to b.eo•• ~~r. fJo~i~tir~11Y
r$lv.r •• ;u. ,pltcil!a s ...ch II IiIIt, IU< hdtfl~li, Ift'Ji,2IItll\lJ Ifll:tUlU,
~~h'••Ji. PG~ct.l. ,nd t.JpuPliA obLv,t. invad.d. {hi' gradull11 ••d
to the dtv.lup ••nt of t._. 1M •• tuf. PhilJJ,i'-Pt~r14J«.-Rhur dJJcoJo,-
Rubu$ r.a••~nlti~J .~ -o~dy ~p.tiIS inv.dld. 1hl. WI' qfidu.lly
ifJVld.d bv ".nri,*,. ulh.;:,hly ludHlg to " .. turn Philippi,-
Hyrsi'*-lfUC~lld•• co••unity. ~~Ir~ "vrsinf .:r~c.~. ~•• ;Dund to b.
loc.ll, .b~nd.nt thi. g.n~rally .p~ear.J to b. du~ tD th& alflct~ pt
fjru that had plnIPtr.tor.f t~1} wOC',,;;""Ilgt!tatum. Gnu'u.lll' .. tUrtt
i..r4'riC'fI C:O'JtIlr.ltU. Wit,." inqld*td by ~pfl!r.:i .. , such II Nl!ldri"~t2l1:i.
cupruuicu. Rh.l'I'III$ ''HllhOil'.S, fu.:h. ai'ff.!" ~hu dfJIhh ..nd
DliJtif ,urtiuh uP,t.ii p(Jd~c"r,UI hti1f)lius d(lIunahd for">':,,\. D.C...
•• hbU.h.d. The .bu'la.ant'l of P,,·.uii ~r.d ~ •• f,j('u. in tn ••. trOll,S
of tM. for ... t pattn ann-land fir .. and ttl iord lItitt condition •
...hi,h hi". not \fIt ',.teo •• suitl:,h lor !:". ".t&bl i.h~.mt of Mor.
,.rally .dv.n~.d Ip.ci ••• Gp 10._ daap Ir~i' jn th. vecinlty Df thi.
'brl.t pitch ~t lisa s••••d lh.t C~.bDp~9~h r.ljduJ .nd .ub ••qu.ntty
if.<:u'u, da.inlttd tD.~~·l,\nih .. i1lVt' gi .....n rin to ';<;cd., hlrut
pntt :.Irs!)r ee••unHi.t:. '<;_/ ..

(In .lIPoud 10.:,,°••• thlt pri.~~ •• t·huilda;rl -.hith w.,.~ .Cist
natic.~bl. in cr~vl=i. ,nd •••11 Dvarhlnq" MMrl .~•••". Tha••
•PPI.rwd to b. iovadtd ~y fir!tly Sflagih~ll. spp.and thin by f~~~_
.uen u Jfohrli r.lff'tH'ult :"nd by $tr<tpto(.~;'MJS. ~l!~HIIU: .and fru.HUlf
utul!1u. On IUl?"1' ,upund !Int•• Arjft~111 jUl,dior.a .and Crusul.
s,t«/os. ~.,~ ••ung th •• "ii.lt lnv.dar.. l"ffasfiJ r,c~,osl
H,t..ropol}(I'fI ((ll'IhrtlU ilno !oud.til $i.p1.." ol~l~fu,"'n to b. tb. :ttyt
.oqt uPDrt'lnt "pltell. to in'rladft and do.i !ltd. 01'1 t.h... v.rv ~'ilhA11ailf
lath. Wi ttl An lM;fIU. i'l 'tn~ d'.P. ttl ....Vi.hftrrOI). fHIt)f) u u '~\.r;ru:-
RudLtiJ .U", ce .. unity tin UtI n.1It .hq'l tii' ri.,,<.~op. n~ltl 11 w" ..
:n.."'d'''. l)V T,}fu.d. trilJw<lra tb for. th. 1&r9" 1.triudr. do.!n.~\'d. t
U lin th .... riy 19M'Ii. With the. tltClullOI'! ',)f fin. I~\tu
co••unlti., developed in dift.r,nt direction.. u ~~

-c,
{l ~~,

\': 0:'1stup tlih~ tanci ~n CDOl..,,:mthltriv lAne ltuhr1y "'lath ~~n. "",
sodl! "'3"11 ftirly d.. ~ thleflt ..u invA!:l.lon hy Ip.UU luch '(.
EliMlll'lU ~.lticVI .lId AlI.:atlfrllpJU JtlJlJ.t •. Jh; ,"oil .ohtur.""
~oAditA~nl i.provtd A rh."d.-A~dr(lJ09~~ ~"fDdic~l.tU$ :o•• unity
dltvltJrt;.-tfl." Thu ,.uj);nudf!ld by -iJuil'J .,Ith u 1',11;.",. 4uadT1~IM)"""
Au l\,~ht.f rU(lchh ~ HvpoJtu tCUf'.lut.!. SIUt'ICt 1)'.11'(".1 J 1 .uut
H,·Uchr'lUH. f'Ut{l~"IIihu. L.abr AI "oU dtpth .and .oiltur. l.pf'ov,o
"Pitt'';'''. IOUttt U ILludwiq)L I'tfridJuJ aquiIllimt., RIb·/<>si.UI <:llyr.ul

\ , II



l\
l(

and H.ubr .hIi 9"CIa apPu'lfd ludil'lr: to • t...uH ,in. de.hat,,!
["."unity t.hln i!wd.d by ",d~dv ,=p.chl ",,-,c:h II L ,., ieu 11'Il"
".uusi i 1.I'I~.t1 tI •• hr. L. I.T ioa. co.. urtHy dlv.loped.

121\\

N.hln fir .. hIlt "lIn • +rlql~."t futor irlfl ...nj~in, C II th'r, •• re
w.tln.i~1 c08Duniti.. in "hltho 8vch'~To~b'rt lototD •• idtJ
prlP!fo.in.t.d. ~Uh Hr. .MtIUJlOrt thi' Ip.r:iftl tuut ,11 Dut
dinppI.r.d 1'rI,I11'1' ·;tu. to thlt inv",.on of P.rl4utli1tu,,\ ..nd thtf h ..')I.. pin that renin.a ..,r •• u~j.~~ to hi;h ,..dtAtion lI."e!l.

On _it .. IlJUjlt:t to ~iq" r ..dhtion ll ....,h but unO"I.in bf
ahallo. 'OUI 'h9 ridq. top,) Ui._:;.,ttrD,tt,n-r,,<,rtlStiJ-lottdtti. and
D: Ittttro,o90Jt-Rfltfl i. qr.ul ana J rouunitln ..fIT. illUU'" by
T.tr'iudr<l ..nd ,,'1)1' .. (1ft,. ..nd I'.,ou"li.ia,. n,. pr"~l1t. tlf t.h.
occAiion.l' plant \If A"'''lIlU IHl'DraphiJ.JoIIYfU, ,httHtoiti •• rRl-u
t",.utoH lind DUI,tr.;,s .lIJ~"a "If. lC:Uj' utllf'., il nu.t/lr of PrfJ.~&
tr ... ,unut' that ..h.rs; .lu.qulh prot.than tro. Hr.# Inlf Idnd
!lioht occur th.n .0..... ,crt IJf L5".UA dU.ln.t,d .i:rub or [rub
fo,~.t .i9~t ci.YIlop•

.,., .. 1

01'1 very "te.p Ar.d rc,ck¥ '"'(luth-ftlOllQ .1 tlplt, Hilt ,~.h,opf'qn·~
£r •• r9$tiJ~1tt!.I;'ttl .nd Dlht,'.ltropr.<}oft-qudlit lJf'u~hnd cCi.. utdti ..
...re lnvid.d by T.t'i••47~ end ',rkhty. ,.,ho.tic., ~o,.~a pubiflor.
"and If,lid"y.n tvth.,lnd.ti. In the .art "~~fa.cf lind Bh.tlll'lw toihd.,t.1 I,~ci •• ,uch a. CJiffo,ti. r~,p., .nd EriC' Itr.UJlil~.
,pp••r.d .nd ~yid,nc. '"991,t.d thIS .iqhl ltld to Protl. dn.in.ted
co .. unit iI~.

E1fltwher. on .hlp .outh~d V III ope" 1. td ull,.. gt.uhnd
Appur.d to b.to .. invltt.1i d1rlCtly by .d~lnfnsji to.. ~nit1l.. i.n turn

G ln~.d.d by ~ ••lric'Q' and L.$~rj" •• lh•••• vi"tu.lly<d,v.l~p.d intp 0

.Itur. t.Jt'ic~ •.

(f
Th. lurtlu!l'.lful tn.nlj .t thu. "He. ri,~n.. fro. LClIl't'l,Ih

dQ.ln~t.d co.~U"'tl.' dir~ctlv O~ vi. stibu,u$ alop,(uroid'l to
RlJbvJ-Phndiu··Ert,rcf.fif (urvuh c:olih'1uI,ib", "bien b,to ... ln~d.d'
by IJIJ<fdlti* JlthiHt11il. A•• nil .oilture illprl) ..... I IIldd'.l~u-
DUI(:"I701 .Iut'r.··.fr H.lu-t.ucui<Ju l:!)uur,Hy dflval OI)l. ..t\~ch - •• ",
lead to •• lu~.L,J~rlctl co •• ~niti.,.

r.
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9~ei~21!_!~2&!~Plot c.no?V cuv~r c+ P.t~.~sii~ r d 'Jti ••t~d qri"
biQ ••~1 in plot. fro •• r~.'.A. a and t.
AREA GRASS '\ aIr ,$S

('l::Si.~· (9/112)
C"N!.!"'Y~nVER

rIot nu. C.2iplLtl
A 1 (\.;!~ ...,.9., v.7!'5 ~1• Ji""

.' V..t5 /i • :I.
,;. O.2S ,~;).l)
t'" (). o t:2.0OJ

II {I.S ,'1 • 1
7 1\ " 93. 1
6 \1,'5 6c. T

9 1 !L 1 U.l.4
2 2.;; !7.0,

;)L :' 11:-:.8,)

.f. !<.4 1(1'1.5
S 1(1.0 ai'.o4
I:, :7 •. ';1 19.1
7 '0.9 9Q.~.
a 1~. 61.9

1
2

3.0
(J,O

la. "
1.,1. (I
15.0
HI. (I

11.1
b02
46.~
!Iv. t)

b
7
a

LI.l
;2.5

','-)
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1\

~~~5t1~B,"~d:'!!lit>H .. tn uf "(.Iorly ttlI'd '9' in rU\ITIIIIYld and
Iddition •• Moody plpts. Plot5 Jr. ~~q~.nt'd~5 in fig. 4.3.1.
PtOT
POSH!!)H

"f'1
I·,'"

GTAND AGE (y'~r5)
T1 A a C Ti

bot. top

\\
II

if't 1~ 15 13 20 20 Hi Z(I 13 20
2nu 15 15 42 21 2(1 1~ 11 ,.. ni...
~nl 20 15 42 '0 .~" 15 11 13 2,)
4th 2~ 2(1 42 42 ~v 15 11 2(1 2<t
5th ::;(, 2(1 42 42 :'::0 Hl 11 '0 2(1
6th 2(· 2(1 42 42 20 15 n :to 20
7th 20 20 20 42 20 15 11 :W
ath ;)3 .;;0 20 !5 20 1!'i i:l
9t.h 42 20 2(' 13
10th 42 20 2(1
tHr. }42 2(1 2(1 \',;

12th 42 :to zo
13th ., 4Z 20 ,!

14th 4«' :':(1
15th 20
16tn 2Q

1) 17th 2(1
19th ~2(1
!qth 20
:lOtt. 2(1

~1st ;w
22nd 20
23rd &0
'24th \ 20

Ij
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!e~~~~!~_i&I&Z_ltH~nll-Whlt"'V U t~lts fur changll i~ l.Sf·1Cfl d.ft'ltv
Ira. 1973 to "Sb •
..'",e"'i!t_"",,,,, __ ,*,, __ ",- __ ,_ ."""," .,..,_ .. , .. __ """_"""' ~ .!._'l'IIO<_ -~ , >~; ,_(fIttlftj _- "'" _.<""',.,;,; .• _, .. .•• _,'"'w •. __ "' ·_

lV'TRAGI: RANt:
\9':3 1996

SAHPI,~ SHi:
19"':;: 1996

T 1
T 2 bOt.tOM
r 2 top
T I) bottoM
; 6 top
r 1

11. (:7 17.95 1" \4 2.1nb 0.1)29
3,5 9.5 b (, 2. &1~1 I).O(!~
1;).9 23.~6 18 18 2.H82 1).0(14
'j ¥ 11 4.6 (, ::i "1. 2(13 (I. :.129
2.5 :1.5 4 6 ~.48~ !),Ol!
1.21 11.12 9 9 \.1~/) (I.~):·J4

Ap.eg@!!.,~!.~!'2~H H.nn"WilHnlt'l !I hsts for chlng""!!l P.'VJTlsn ulnlity
fru~ 1975 t~ 199~.
AREA AV~RAui.: t~ANt:

t 913 19i1.s
~;A~PI.E51Zt.!
1913 .'196

r i 13.5" 15.46 14 J.4 {'.61(1 ~1154 t
r :2 boHe. S.~5 '1.15 6 6 LUI 0.258
T ... top tb.29 20.12 1n 19 J, ~r;;.~ O.21v..,
T b bot,tDM "".OS 4.70 /) 5 ,,1. H,O Q.271
T b tup 1.r; 4.'3 4 b ~1.191 \).2~4
T 7 10.94 B.05 !.J 9 ~1.!t2 (t. :"!~b

o~e~~~!K_~~~~2_£!~H~nn-Wh~tn.y U tests for ~hangei i~ Mlln htjq~t of
L.$tri~t~ itand5 fr~. 1913 t~ 1996.
AREA Z ··VAlUE'~VERALir RAN;;

1973 1?B6
SAHPLE SIZE
1913 :',!J8b

T 1 18.10 1(1.92 14 14
r ~ battuM 9.09 ~!t92 (os b
T ? tllP 15,· 61 !H. ;;c: Hi i8.,.

6 bottll~ ',1.11 4.6, it 5I

T b top 4" (l 6.5 4 6
T c 10.5 a.5 ? 9

-2,,;;49 0.(119
~2.4Hi (1.1)16
1.193 0.(173
,,1. HI? Q.235
L :lOb 0.228
"0.152 (1,458

AeE~~~lKw1~~~Z_.!&HannDWhitn~y U te5ti for ch~"gls in the Mean h~ightl uf
P.'~ln~ii 5tand~ froM 1973 to 1986.
~REA AVF.ii{AG~ RAN~:

,\9~:':$ 1ge:~
SAHPI,E SIZE
19n \9136

T !
T .2 butto.
l 2 top
T 6 bdd:wI
T b t.op
T "I

14.7814.:.H
5.25 1.75
lh. 2~!20.18
b.93 ff.O
3:.13 lJJ;}8
.1.0 9.(1

14 14
b b
19 19
6 0:',J

4 b
9 q

.. (1.163 (1.810
l.13\ 0.258
1.'1.'1b (L 19~
'·0.827 0.4(18
1.954 (1.05X
~1.156 O.~~..S
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~pe~~~l!.!~~£i&nt~~rlptlnnl af th9 d.n~lty lnd h.ight rbanq.s i~ r.-
lurvlYld woody ~,~0"', IIrmj I)f th. 1'IStt l\~~gti"~NcJan .tru;'.;turlt of
~Jdltinn~l and t'~I~rvlytd ~oody ~lutl.

", " •• ~"" __ ."* •.,.._ ...,t>.,,,,, __ ,.,,",,,,,"_"""'_Qa __ '" _ ... __

Trw&rr 1

'Oftn!\\itychan; ••
P.&~'n$ii ~,clin~a ~t ~ithlr f'ln of th~ lfan5~tt bul increl,.d in

danl~t.v tonrd to \7,lnutr bl~O!·t thr' "tre ... 1,.;S'tlf icn Ullv'id:y reuine·j
low t:trMod tl1!' ~tl"P.ilM, \lut 1I1C, ('3'fl!d !:hrollgh the rnt nf 11_
Uplthlly in th. +irlSt thf'" ~O::{lt,. t-o!"tst f'rtf~unor specifl
lncru!!Ifl,1 lUI kp.\i,l Y sn lillnli t.~f I\lRrywi'llf f! fHfDt ~.rDund til!! ftr,'UI"
H.il :inert/H. "'115 up ..r:iaily Mtlrked in til. lut thrn ploh (fig"
4.3.3.0.

HiI'~t;ht c.:ld5. I.'f.tnu.::'turw

A br'ukdc.nm of the 19B1. hll!iqht"r:hn utruf;turJ! fJf ttl':'> filoh snow,
that .01". dC'.d P*.Yil1l5il oceurrtd in the initial !'Iloh~ t.Lp. inll~r·
p~Qh cc!t,hin.d aunt \;illl,r \O~i'i; 3 f:llnhl ind t.hlt F.ft'ansil
uwdlin; rl'c:ruitlluent wu p.,tchy iliti not prolifi,:. On t! '_'othf"" hltld,
LII.ri( •• 'ho~ld hlavy ItpdlinQ rlcruitM.nt in the firti thr•• plDt~,
and 1111 *n othler pJotl wh."t hlllr, utun, shrlli.!l oc!:ul'Tfd (fig.
4.3.3.5)

Dlfnsity t::h,angel5
In th~ boltQ~ ar•• of T 2, P8f~lnJii d~"sity increlsed in the b

plah. ~!lrth.r alt:mg thfl tn!lutt1 inr.n.'uu ill dEnSity were {Iltchy.
LHritu incrnud in i1enli tv in the bDtbJIlt (. (.loh vI T 2. In the
tDP anu, wh.rt i: ..uricH had bun hrg!!ly ..bunt in 19'73, dr.nsHi~s
wert ~till v.ry low ..lthough 81or'. ploh wer, found to contain th@
i,ecifl (fig_ 4.3.3.~J

Height c::la.u sb"'ur:t:u .....

Fro~ thf height ~l1IB dati it Has ,••n that the P~fvaD'ii ~ta~dl
ofttn can~aip.d ~iny dD~d plant_, but f,~~~n~s'in9 ont' ()250CM). Th~
dlnl~ty of .1ddl, and s_ill~r liZRd '.~vinsii wa~ higher in p!Ot5 13
to 24. Se.dlings were prel~nt in al~ost III plats, ~Mtludin9 th05~ an
~h~ Ihep slup. abo..... the ,.tre... itl~ butto" lll£)h 'of r 2 con'tained
1:111"'.'till 025(1c ..~ L .st,ir.fI, blnuth whi{;h uEdlill~ rll::ruit .. nt HiS
proliflC. Els~Hh'f'~tbl 5pr.~dof thi. sp.cieB WI. llMilld tu ~ f.w
s••d1io9 in ? plotl in th. top .r•• (fi~ 4.3.3.6)



n.n.i t.y (;hillrujJ ••

P .. ItIIlHlSJi !:I.nsH" dedii'll!! throughtH,t tr,lflln!f:t 6, ~\ltellt rn Ullt,

fir"t ind In'!: pInh. L.,~ui{.u ItfOHld a lanl' inr:,tull :i:.'l den.itt in
the ttlP Irltl~ .tnd i luil a.ch!!1 in tht iU'ltii lifter tht ,i:r'itU (fig
4.:'i.S.3}

Hltt ght, «::1.:1t.. .truct.urllt

Dud P.IH'itB.i i .bcundtri It th. top of T 6, and l\tud14ng'i wert
Iiirtuall y ..bunt fr'oM ttlllt tnnnr:t plotl. Plants hl hr thlAn !~Qc.
Ii•• Middl. tiled ~nd "ntscing onel) do.init~d tb. tDP ar.u ~nd plot
S. In cMtrut! 1.,s'1.'1(;u shOMed IUlh. sfHHlliiHJ recruit .. nt in tht\
t~p ar~., I~I' rlcruit.vnt in th~ first plat, and little in thw plotl
en the st'it!) 5tOPP libov' the 5trltall~ where till planh or.t~t.lrr!!li ifig.
4.3.S.7L

rfWlOCC! 1

Dan. i tY ctumq ••
fl.flIu.sii denlity ilH.:.ruud in thlt ploh orl fla't ;nnmd bitOr.

t~. stria., but d.cr.ls~d grlitiv in the uthlr ~lats. l.t*ricl'
ri.nsHy incruud b.f'Df& th .. streu, Irld ill the lut t:hrn pl ....h. UI~

hu "h,p !:Hlrh Dr tht 11DPII, w"llt'e it had o •• n all but absent ; n
1973. L.$IU'i.eu dlPnsity dtct Hltd sUghtl i on '~he g,tnp parh or U~.
slope afhr the ,tl"'~'" Hiq 4.:S.~~.~~.

Haight cla~5 .tructur.
Hi911 (l1!llsihu (')~ dil1d P;1!~iu"$ii DLcur;"r! in th .. lut two ploh

of T7, but se.dlings HRr~ still b,ing recruited th,r. and in the flat
ilrl~il b~fur f t III~ st reulo 1:1~C\~!l""!'i the ,tar-dB we",. of, low dell sit y Ind
without !!Il!IHj1inl]s. Iii the list two (:!lu{;:'! and plot 1*~ L~uricu
uldHngt ~.nt v,,'y i\bulliiantoj but at, the streaM and on i:hl!' !>t,e&p
!',lopn .buve it, Wh"rl1 hUlet' ohnh loIer,. r.Ol!llllon, !'IH:ruih.nt, wu
10..11'. Till phnh 10111"'. absent froll\ iH'!'\U of high 5~l!dl:inq d~n!:lHy
(fig. 4.,;.3.B).

Thf tudgirt, r.l ..n structtlr'f of, plots ill a,"AU A,B ...no C iU'!,!

pr!5lhted in fig 4.3.3.11~ it to I).

Ar' •• A

Aru A was dOlllinlRted l:Iy dead P.fllartsi3 1'" with so ... IIIHilting
and lIIiddle lind plants prul,t in 1II0lltpInh. Surilin9!J otturr,d in
plot 2 unly. In contrast, t.spricea s!.dlings abound~d ii th. uverall
younqvr ,tands af thi. 5pICi~ ••



13! \\

Area 8
Art. 9 tQr.ti~n.d It Ind. of P"*~ansjj bRlo~ 2~Ot. till. Only on~

shod, which tontiir!.a 10.' dud pllnts, Aitkl!d u,riUngl. L.SfricfII
plilnts, III ':15(1, •• occ:url"Rd only 11'1th. fir':.t ho plnh.

Ar ... C

~r.1 Chid i dIsJunct di'tri~ution of tiz. el,slesl Th~ f~rst ~wo
pluts hid dv.d plaotl, plnt I bRIng doainit,d by ~~n.scing P.f,a~$ii
i~'dividuill lind Ij.;lelttons. Ptoh l ttl e containtd no nl'lUC'lf'lg ~.l.nt~,
Mly onn ":2!iVt,., ilnrl a hw sliltdhngs. L..ul'icu loin abU.:'It fnlM in
pI titS.

'T'C" an.trt:'t, 7 top .reoli.\
Thl h~i9ht-cl&15 ~tr~cturl of thesl plnt~ ire shown in fiQ

~.;':;.j.9. D~.1d P.ua7l$i.l occurr,!) in lIust phjts~ b!.&t.no unut:fflt ~nd
fe" ~iddl. lizr~ plantt Dccurred. Sewd13hgs 3nd ~.al1.r nlaotl
aOltin.tld ih. phrts. PInt b tnnt..nnll!ti onlt't.l 1 l,e ,<;~f ii.·l!a iind i h""
~~all.r Sil.d plint~ Ind ~~.dlin9s wer~ prfllnt in tbe ath.r plat~~

fh1 n~rth-w.lt.rn-hulft ClUMP ~IS du.'n~tld by till (j~50C.J
ind~uiduill ~f l~,.riC'i 'P.fy~~sij ~j.tDtally absent). Pl~nt ~f 50-
25~m ".~. infrlqulqt, tn~ ,u.d1ing d.nsitjt. W2r, q~o.raliy law: Hany
pl iI!l~!'i o! o'lhltr woody fip~t:lU w~r. pr«l!Umt, ill this UU, Ue'l)\~ in
plot 3 (fig 4.~.3.10J.

\\

\
I
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eee~~~I!_!~~~~~l&P~lr'~n's product _o••nt LDrr.l~tjD~ ••triM of th.
d.n5itin d Ph:l1PPU , ... TtS!J (PI) and Llu{.ll$idu J"ricu (LI) hllqht
tll\Ke" P.fvinsii tlnopy co~wr .~d gr••• bi~ •• sl In WDody pl~t5·. for
.r.,l A, 9 and C.(~50 rtf.r& to size rIllS ~c. to 49c•• ('~Q1. si~.
Cl15~ 50~1~qt.,.tel •
.... ," J , ~ .. ,., _<.at,.,.._ , ,"_ ' M;.'. __ ' _ - _ ' _, '_

Pedud

p, :1)(\

fie·: 150
f.'e'; 2~(I
P.'j:!5(i
Pldud
L$,50
:.,,':!51)
l.!S~ZS(l
Ls,25(1
grus
;:;ilnr.lpy

.51~ . .h~J .:, I

.....2S -.43 ft,,3i 1'.~,~ -',&8 ". f, 1 .61)
..'. -,II .~.52 .49-, "'\ ....."

"",~: .~. 49 -.311 ,04
'11(' ", ::'4 -.27 -. 17- • .i ....

.~ 17 "
,_.,·t " ()4 ,26, .. ~.,

.47 • 1~ .20 -. ~,!,
!'Z .17 t '\

c" ~9· • \..·i.,

1"
• . 1,44
,41
.26

.. 44
~,-49

lsd 5(1 grin

I,,';~(I
t.s·;l!iO

.;~:j{t
Ls)~~;)

grill
canupy

J
.61
• -43 ,;;9 1..,) '·,00 1·'... ,,..,;.

-.12 .~.02 -.06 1
-.49 -.26 ~. 17 .•• 15

-,16
-,:;:1
-M c:

ae~g,~~Hh~d~~~.P~'.~rlnn 'I produtt MlJ.. nt ..:n..,..l ilti"" ."trlll CH'
lugg~~ plot IIZ' elial d,nlitjo, .nd totil pInt den.itt.~ uf IpPC1 •• ,
of .Xl woody plot5.
_ ..",, ,.. _ ...,..__ •. _ ..._, ..,., ....._"", _ ...,_ ........... _ ......._ ,.,,_..'0._ ...........__ ....0<)_ •• ~.. .,~ ·~I.,.._ ....·......,....... .........""

P,.; l~il
.... _ , __ ,-.. ~._ "' ' ""'lit< .""_ ",,,,, , t_.'~"M __ ,. _<.t . ..,.."..,.ur._ "", __ t:-"", ""~

Pe':51) 1
P.t: 15(1 .54
f'1tCl5(I • ~9 .52 1
P,"2M ··,lb ".!£j • tIl.
PItDud .04 · \',9 ") .," "'1' 1....... ' • ',)1

I.,,':se '".1~ ~--.30 ". 1:.; .49 • .111
I.S':1l'i1) ,·,04 ···.22 .US '~L" • 2g• 'b'~J

L,<~5(1 <I'. 1~ ~.27 '·,11 ciS '~. ) 2
1.!!i}2S>:" .,·.21. -~32 ··,32 ",0 ! ~.4~
LI il3hl '.19 ,,,,41 ....2 .44 , 2'j

oti", -1t31 -. '52 ··.45 .ocs ~, :57

~"n'" ,_", ... !!>_"",' .... _ ........ __ ,-·It , .... _ , ... _-<t ___ ....... ~ • .", ... ~.,. ... _ .. _ ............. _

L,s.< so 1.!'I.:t:.lO !..~·':.150 Ls}2S(l PI! '(chI

L...·:5(. , ,·.14
t'S<15(\ , 67 f).02
I.'!;I:75(1 .4~ .53 ~."
t'S,;·JSO .26 .11 .38 c 1 -.40
tlthl~ ,~~~ ,12 ,41' "~9 ',41
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