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A two ...year analysis of pollen rain 1tJaf,i."conducted in .the Pretoria ..
t

vJftl>J:atersrand"Veresrdtring <ii strict of the Transvaal. South Africa.
t. "/' : .... . .,': ..- ._i5-. ~

Poaceae WflS the major component of the pglhm assemblage, comprising
'. . ~
52% regionaUs'. Of the toeal pollen count. 58.8% Illas non-seasonal

iJndpresent throughout the year. Dtiri·1l9 the analysis it bec.ame
.:, . : .._. .

~2.L"ppare.nt that' ,furrgal spores dominated the 'atmospheri~ content,
/I" - . t.-

o

m~counti119 for· 94% of total girsporar 'con\kidered ,here to. 'I ncl ude. '

~n(!n and fUllgal spores.

,~,

In r~htinQ aiY'spor,a tq, me~ep.rological ff;\cto)"S, Poa(ieae" pollen was
~~) I ., 1

a$.soci'et~d c1ose;,~,tt"with temperatul"P. H,igti')$m~in9 ra1n "vJr,),$
i : Ij-:;;~:I - ,,' '. .' (5

re,Jatedt() "high $umm~rP03ceae pollen. rher~ ~1aS cons'j,l;teraI;He
<)

va·r; tit ion 5 I) the respon~e p,\"Paaceae po11en tp msteero1()9J~~1
11 lJ

be~ween Johanne$bur~' q;nd p'retori9• n~,i$vari'abiHty \"lflS

o

attt"ibutecl t~'diffel"'ehCeS tn Climatic reg.ions of 'the c1tie~.
-i'"'.,';

o

,1 o FUl1g·al SP.:l~~~Sshowedo.a ffnet response than Poaceae pol Hm to con ..

ditians(' in t'he immediate vicinity of the sal1'l~ling stations~ \"
1\ o·

o '() c- ( \\

~\ _ .(l

" ':>.
~~ o

Atmos~her'ic polleY! df~:];I1o~ accuJ'ately reflect veget'at.i.o~ 1'1'1.the

il~nied'iate vii.\t'rtit¥ of .samplers, if the total pollen assemblage was"

o c

.s
considered. \~nly Poaceae"polHm and entomophilous tree pollen \'Jere \\

" ;;)

~oi~relatat! wHlh 'l!ege~atfon. Anemophi Ious tre;s .t,;Jere over"r>&pr~sentp.(ll
~, ~, as \'Je#~, entOlnOphilous non..arboreel taxa. AtmO$p:lerfi;.C,:fsample~ did

('to'l] (, I) I..
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IChapter 1 I,

R(lti (milll~ amlL~"~thodp]09Y
',' ,<,

1.1

«
')bPalytlology is use'ful in the interpr~tation of va,fious palaeontological

and archaeological problems {Birks & Birks 1980~ TraverSE:}1988).
-l)

Deductions made" from a fO$si 1 'pollen ass~mbl ager~.re determi,ned \~Y the
o..: ~ _. :~i _" ",: _ _ \~, _ _ . ...,'. _ '.' ." ,> ',' ' "..." _ ti

fac~ors that pr99uced t~at assemblage. Suchdeduction$ are ,based .01'1
il

en ~\ .', " ':..'

observations ma(Jfa' of rel ati.onshi ps bet'ween bi otic" and abiopi c fa~'tors

that influence pre$e~t day' pOllen dep-psit"ion. HOW~\lel:t tlTe ,exact
c ' ' ,", " ••' , ' " ',',', il ' """ I ,,'

relationship that modern pollen roin has with extaqt ,,vegeht.ion clJmat4c

factors and land ..use is poorly und~rstood.. There have been no studtes-.
"

of the quanl:itat:iv.e .interaGtion of ,.tl1ese ptwameters ~n ~outh Africa.
ni:l elegant studies of (;('~tzee (196('~ 1978)~ Scott (19B?$ J 986) and,

D

van Zinderen B,.akker .(197~i J982) c:oncentr~ted oh'~qualitative ~lcirk. 0,
., ' (i

SC9tt, (1989a~ 1989b) and Sco.tt and Thackafq'y (198,) applied factor

analys is to Quaternary polle,n sequences, and Ha(~keand Meadows (1989)

briefly examined meteorological determinants <if the airspora during <

a five-week winter period in Cape Town, but th.J's study is the fif'st t..'

provide a detailed account of some of the quantitative aspects of

,'I'

"poll'en,\ rain in the South Ardcan environment

",Many inter ...related, factors determine the composi.tion of pollen

rain~ These factors are broadly divided tnto biotic and abiotic 'I

factors.
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Biotic .factors o o

Ii

-In the fi.rst instance, the species present:;n both Iocal and reg;oMl

yeget~tton dete+~in~ the compPSi€on <Of the attnospheri c po!1.~
spectrum. Polleh production.con.troIs the quantity available for

i-:;

di sgersa 1, wh.ile features of the canopy, as hei ght and density~
\\

llmt't dispers~)l into the atmospnetge.
1f

Morphology of the 'poli''en 9!~ain iSt;jl111POl"tant, where shape .and size

of\~he grain affect buoyancy. ";'Pl\ysical attri.butss of('.the ol'1thers
(;n '. " _,' '. c- . '. '-: "'. .. . . ,

,- .' .',., ......• ..... ..0··· _ - .',. ,~; :q;"j'< ..... )I_

a\">e also pertii1ent~.)eg Size, rnetho,q of aeitiscence and .position in

the inflorescelice. These characteristics in tur", determine .the
el{pO$Ure of the irnthers"to the elements.

",)

Ab~()tie"ratt~rs
\J

Atmosphe.riC conditions play .vital'"'r:OJe in ~et~rmhFing..poJlerl rairl.

gl1 il daY..tG) .. day l:f(lsis theSE> conditions ate retlecteQ~"!1 the \'1eat~er,,I.. ',', '

and 011 a loog..term basi s they coh.st1 tut.e the prevai ling climate. "

The dai ly v>1eather determfnes

FaetoY'$ 'such as temperature,

i '(~~

the d.YnallriCS;JQ~~i:,antheg.;s and dehiscence.

VJtl'ld~peedw/k' l~e1at ive hum;di 'ty are

qf, p,o'ilen,.jn elr current5~

in turn to terraiih vertical l'/ifHIshear andvertical temper-,~,;,\'~,\~j, .

prof; j e ,(Mason 1979).

Climate, both in the Current season and in previous seasons, is

"
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important in determining pollen yield. for exal11ple in deciduous

trees the quantity of pollen available folA spring f10wering is

es't~b 1ished by the end of the prevt OUS summer, at which time the
;;

cell's destined to become pollen grains are already present

(§'olomon 197eJ •. Therefore, taini/and temperature for example, will
..:'\'_',"" ,_;

M 0
subsequent.ly inf1 uence the amount' of po ll en produced.

c

this cc.teg~ry.

These btotic and ·ahiotiC featu'reS init;'~11y determine' the .amount of'. .:' '." ii/t·,,:, \; -
pol1fin in the ~tmt;;:sphere. Therea'~;!~\et\,the prOPQl'~ f:on of pollen

rai n deposited on the earth 1.5 s.urfaq,&D is 11 flLmcti on of aerosol
'-, .. '-~"

ph,}15i'cs whidt ~,eterm;~,~esettlinfrates qf the piol1en. Set-tling(.\.
'" ," '_ ..,.._ -', ..-.. .. .. "

rates aOre in turn £bhtf'O 1led by she, shape and dens; ty df the

pollen grain (Harrington 1979). The behaviour of the pollen grain
,~l ,,;':

;s. al~:? influenced by differ~pt Climatic conditions. Po,~ examplel
/,

deposlt~.;hn will vary \'lith ~frrerent degrees of humidity' and
"

prec ipjtat!. on.
(\

Once pollen has settled, facto,'s such as soil moisture, temperature
(.

and pH; and resi5tanCe({i'f.,the exine to o,x~<1ation and fungal dfdbay,
'. <. '.. .:1

wi11 det~rm1rre poll en pfeservation (T.raverse 1988). Nater"borne
, . ".,., .

pan en may a1so be transported from one area to another, either by
surface wash Of in rivers, The~e many tnter-dspendent factors

determine final compositicrl of the f'ossl l Spectrum.



In this study the following questions addrassed these interactions
( .. . . ~:\

in the Pretor; a-Hi t\'Jatersr~nd'·Vefeeni 91n9 rl'i stri ct (P~JIJ) of the

Transvaal (F1gu~, 1):

1. t~hat are the qualitati ve and quantifati ve re 1at; onships

'between f.tmospl1eric pollen and local and regional 'Jl1Igetatiorf?
(i
1\

2. ~Jhi)t are th~ qlJ&1itat;ilJe and quan'titative relationshipS among

the atmospheric, su·rf.'lce and subsurface (subf'oss! 1) po11en

sampLe$~ and how eto these $~mples re"ate to the J6'y;aland
regional vegetation?

I)

3. How can the atmospheric, surface and subsurface samples be

used to reconstruct palaeoclimates?

4. Nhat r(}~e do meteorological factors p at,in concentration
j/

and ai stri b~tion of tha Ilb"s.(x)I''1la, and what effect does tlli s

have on the intet~pretation of the airspora1

5 t'Jhat is the relations'hip between land-use and pcl len-ratn,
given the above interaction?,

1.•2 Aims

;Ii'::::,

To investigate the above questiOlls~ the aims of this project were
to

1. samp'le, identify and quantify the atrspore in the PWV



~, '

ar~a aur; I1g '1987 a: d 1988;

2. identif-Jf the meteoV'olog.1c~l factors that influem;e the
(I

quantities of the air-spora in the atmosphere;

(§C:C~=O"~ideVlt'ifY the. relat'!onship between the local vegetation and
If

the pollen rain;

\)

4. \\ 'identify how th~ land ..use patterns influence the pollen rain; (\
.~

5. quantify the differen~jes between pollen rec(W~yJ~dfrom the

a:tltlosph'et~iC, (,surface' and subsurface samples It and their

relationship to the vegetation;
()

6. quantify the influence ,of climatic factors on the pol(:~n ratn,
-::/

(\

and hence det~n"mine the usefulness of pollen ani,ilysis in
,.,.'

c-

-C'ipalaeoemdY'onmen~al reconstruction.

C',

The P~1Varea'·iof the Transvaal is tho centre of 'industrial and

commercial development of the country? yet covers only 1% Of total
surface ~rea~ 13 200 km2 (Barnard ~t at 1~72) (Pigure 1). (I

Atmospheric pollen was monitored here for a t~/o"year !)eriod~

1987...1988.

t~eat:her data'were acquired fQr stationS closest to each sampler from
\; .

the Weather Bureau in Pretoria.
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At each S1te a quadrat measuri ng fo'lfty metl"~$ square wi th the

sampler at 'its centt"e, \'la5 analysed for ~Eigetation.
() . -0 -·-~'7"

Surface and subsurf'ace soil samples from each site 1tJerl;: analysed

for pollen content.

o

1.4 Climate of study area
()

o

Johapnesburg ana Pre't.Ori a are the two major ci tias in the PWV.

Johanne!»burg 1S situate(j' at 26° 12'5,::&$° 3'E at an elevation of
" - \) c: "

l1S3 m above sea lever. D~dly mean maximum and minimum temperatures,. . )1
o '

Ii 'J '\) .. •..•• •

t\,'r'e 22°C and lO.5'XCn with Jlll mm summer ra~hfaH ~er ~nnum

(Climate, ofr"South .Afric'a 19(6). ':)

I_,-d')

Pretoti.a li~s $~veJr(cykilome4res to the n~rth pf Johannesburg at

25c 41S~ 28° 'IVE. rho elevation is .1300m, At 25.4uC and ~Z.2°C "

l~ean summer and 'Winter 'tEHllpe;at.ures are" sU9htl~y warmer: ti1an th~\e
'-' ,

of Johannesburg" Rain.fall is less' at 716 rolTlper annum {Climate of
o o

SQuth Afri en 1986).

"1).5 Vegetation of\) study ar~.ra

1. S. i Native vegetation e,

The native vegetation of the majQr partion of the PHV is grassland,
claSSified as Bankenveld (AcQcks '1975). The pr~d()minan'tly tan
gras$~$ in approximate order of abundance are lIypcrr''l''henifJ. spec; as >

T'hemeda tr-iandf'(J" E'1lC.'9'l'lost'/,~sspec ias ~ Spol'obo ~us spec'j es,
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. Tl'aa~ypogon 8p1:catus and AJ:>istifia spec; es. Of these J1ypaJ:'l'hern;ia

specles comprise about eighty percent~ Stoebe 'i)U~gai>i8 and

HeUahY'Yswn Kl'aU8Sii are common. Rocky hH 1s and I"'i dges. carry

woody vegetati on, \'11ttl PY.IQ'tea. caffl'a, Aeaaia caffl"a~ :(1eU;i,S

afl'ioana., Rhus pY1'oides .•()'lea eurapeae subspecies af1't:aana. and

sometimes l?1'o'{;eauetwitsahii.. In she.ltered valleys. Kigge'tq.I:)ta ..

aft1iaana1 Rhus ~(!ftltod1:af;ya, HaZ.Lcv1:a lueida, LeuaosidfJa serioea
,',

The Bankenvsld of the southern area of the P\'!Vmerges ~'lit:h .the
e

sour+sh ~1ixed Bushvelrl of the T.rolJ'lcafaush ~,P.a'Savarma Type in 0

t'ht: vicinity of ·Pr'.et!)ri·a (Acock's 1975)" Vegeta;t.ion (;;omprt~es an

open savanna with a 'fairly dense, tall gt'ossveld. Oominan~ grasses

Dare Cymbopo{Joap~u:rinocU$t Themeda tpiamwa ~tld flypaJ:>r>Jt(Jnia species.
Q

PrinC'ipat trees .are A'acwia aaff1:'a, A.' kasroa, A.' robaeta, A.' to¥'tn:Us,

R.~utj speci es, 0.' eupopeaea sl.!bspec; as afJliao.l1Gt>Gl'ewia speci as,
\>.

<::, 'PeZtophcmwn af:r1.:aant$i,,, Pappea !aapen$~:s~ fH,ahrOJ3taanys I:t:~Jef'ea)

Dombeya ,>"rof;u'itd't',fo ~ia) ConibJ:1etum 13eyhe:r i, Sa ~evo(Jal'ya In.:)(ll''(Ja J

o

1.5.2 Alien vegetation

Trees predomi nant 1y of· the northern ~henrjsphere, ar'e extensi ve ly
,-;

cult; vated throughout the PWJ. They are planted in! gardens and
G

parks, along streets and more re'bimtly on Tight i41rlustrtal and

c~'!lmercia1 estates. The most common genera inchi~0 UZmu8, Mo:rI.1i:J,

QUEl:rcw~ and Pinus.

Ii c
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Australian eucalypts are ubiqUitou~'" and various species of Austt~alian

Acacia are common.

,/t~
tnl South African plat:lts inc1udin~r those \rJhich are nattHjhlised were

o " named acc"ording to Gibbs Russell et: a~ n985~ 1987}' (/eih?us deoaa'P,:~
I) ... <)

\'18$ after Tutin et: aZ (l964J. AU others were ficcording to Hooker
'..' . . . n

/)

I! c

t.'

o

r~~~ .:famplers w(k-'~ocatl%d at,)the a~mOS'Phel"iC sarnp.1jng sites of '" 0

~ 0 "
::~ (I ,\{\ (,

JQhbnnesbt:rg City Health" Department. ~~ate Health Department,
()

Atrnosph(;tric Sc~ences Division of ~,~ CoUnci'i for ,Scientif~~ and

Industr'l a1 Research <CSIn) ~ a,nd Otil:f at the Un'ivel~$lty ,of the

Witwatersrand {Figure ,,2). These site;$ sati$fi~.d the fol1m'ling

o

o

criteria.

1• They were r~presentat ive o·f two of the areas deTi rt~d by the
o .

South African ~JeatheV' aur~,qu, besed em I(oppen'os classification.,

\~ith ml)doif1ca\tions due to cOI1vent'ional geographic, climatoi'c and

agricultural boundaries. These are "'Northern TY"i;lnSV('i.\l (het

steppe, summer rainfall I, and Highveld, includ·jr.g'Southern

Tl~ansvaal~ Eastern Otange Free State and Lesotho (warm

temperature~ summer rainfall).

(,

2. The sites were representative (Table 1) of the following veld

types ·AAcocf<s. 1975 J :

a) BankenlJeld, of the False Grassveld Type.
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a

~~
c hi Sour'!sh Nlxerl 8ushvelQ, of th~~ropica:l ~u~h and savartrl'aD

('1 <.(j 0

'I type

o

sl;iburban and peri"urnrm to'rural 1ZHvir6nllletits,
"

c spectrum of taxa commonly fo~na"in the ip,vJV.
;~f

()

4. the sitesi v~ere aasi1Y'(l.ccess;'hle for wee~ly Lsampl;n~.
~ o

table 1 tlass1fiCatl~ta of study $it~$..
, 0

(I

o

o

t~
\i

S,,~\,U,'ri$h. Ni, xed
11BusIWeld
\i. '»aQken\l~ let

n

1.7 Site d~scription
0'
<)

" (j

,
I. '\1onderbodtnt was a caravan park o,tl the outskirts of subul"oal1

''-''

':northern Pret()'C~i~h On its northerp bora·et,.~hepar[< was

;6oun~d~, an east"west trendi og d<IQe, vegeta~i on' j~the

parI< wes silll'ilar to that ,or the surrounding suburbs, ie a

() o
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G "'}'

o
I;' I.)

I,) ,;.

d'

I:.)
(J

c

m'b, of native and alien trees~ ~G,rauttd cover was largely co·

Pe'l'misI!JtwnaZ.andestirtum~ Vegetation of t(lr Y'idgEl1was'

e)«;lusively native: About 'f<ive "hundted met\"es fr9il~ the

D 00

,I c '

sarilpl~r a small r'iv(='Y' flowed northwards thr\i"fgh th~ 'Hdge.
. t ' \\,..",

. " D ,;,3 . _ _, :tl{.?~ "0

rh":Ct{lll'lit8f;t species and Ty.p1za capefl$i$ 9,rewia10ng the I"ive,r(\r
·~:·bl:mks. r'L'"

Ii .
II

o

o

iStmnyside' \tf.\S a vacant lot on tb~ perimetef~ of PretoY"ia ,;1"

cHy centre". .lref.:u; in the vicinitjl tI/E.W'e,~4'redQmitti,mtl./ ali~n.
"'Ground :cover welScaprrl"'mdmotely one. third CYlw.don dlWtylton~

• ~~ )J

one th'ir~ soH and one 'third developed fbariJdil'lgs~ concrete'
I)

r.i.i paths ar~d"ro(\ds} ~
" ' \\;,

.i' ,~"."
". :~; ti

'CSIRI ,was ti.~ ~he east~rn ,s'uburban P'Utsld rts of pret{)t.i a and

(.Ult\JpiV1SedJie~eral hectar'es of native,. \H~getet'h:m surt"'om1dhlg
'0" II' 0 " " 0

, the bui1tjln~~"of th~ csn~~,Sl:weral,low 1Y'ing ddg~s to.the''';''J

~:~;:' ";w~~t. e.$ta~d north w,~realsl> c,vred, w:t~nativ,e ,veg.ta):i?,n.

A ,,!u.l'burban area 1ay to the south ..# 'the"''; cult i\fated t.axa "
0,

tl 'r.

o c P ~':

~inc} uded" anflu~1~ an(t, trees predomi 11;;1111: ly of t~e nor,th£~rn ,,,'
o '. 0 ., . . Ij ," C .' J

hemisphere.,,' ,<; c> ",. 'j,,'
, "," ' 1" €

'G.rsfontel~: 'las .il c~meta~y,in the south.~.s~ern '"raJ { , }'
eli stri'~t of t'ratori a. Ground cOlleY' accounted fQ,\'" oabClllt ~=~",=-o'c,~,~"J',-:::; "

eighty:: percent iof the)lrea. "This consis~ed mos~ly of na:t'ive,

,'0 '

,ii'
1.

,,) 'I ,

grasse,s', with sma1'I areas 'Of, Ponnisetwn '(JZ,a,ndes£i1'lwn", and

c()m::r;~te stY'uctuy'es. The remai ning tlfumty percent was di vi ded

about equally among Aaaaia ktJ:el'oo, A. meianoxyZem. and p()PU~U$

aan,(:lsc;~ns. Tna 1att~r ~\~({were na:turaHlsed speci es, Ther~
I:;.

n



a

IId .

\1" ,;

d'·' 1;.-

o p I:
//
(i o

o

a " ':,.>. ~ .:::

were .several com'bf'etwn ap\iau,'iIJi1,t;um p1ant.ad in th~ grouJ'ltbt.

Adjoining· the cemetary \ilci~ a small.,holdi'hg )fritf"{a gardertof
I.~ 'i:._ t,

d'

('

metres from a small r"iver whic'h floWEd into a maY'si1 in the
("'v' [~o \,

, ed'S~I(:'.I~fhl'a:f)inite8 sp~cies aQd Typha dUp~n8i~r i'Jere common,,~

'.\ , \~,"'" ~,/',
o n _'.~ 0 'f'-({',._;' ,

'Northel"n t·Jbrksl was a st3\'JeY'age reticuYat'ion ~lijnt in the
:-.: {};~ ~', 0 (j

,perio-u~ban qistrict' l1ort.h"'~est of Johannesburg. Vegetation
- .) C)

o

/1

I)

o

essentJlllly flypa11PtulJn.ia.. Several POp~tZ.us de'lto~des gre\!J in ~
c . )1 - 0

~le~r,byt·i.verG~~r~~. as cjiti FhX'a9mit~$ species and Typn,<x aape'f2sis.
,:1:jq."

sr .; ,:J~t,"" \\.
t?:.-,

~ ~l

~IFrankept'lil lti·, compcr'jsed ,se\ler~1 hectal"es of· 1{l~gely undev~loped' .'

" land cn the sl.djul"baYllp~ri-urban blll.mdary Of·northern
c, -,~ •

J(J~armeSburg. Several spoY't$,.fi·elds on the property \'lere 0 c

"
c gtassett"\i.!'i til Cyrwdc)}t ik:z<!'t:yZ',)ii'~: The ramal rrh19 arElq was mostly

. 9 "~

FlypaX'Xlhenih gra~slJeldt \~.i'thsoxn/permis.gt;um ,(J?;a.'1fj.e~tin;,~p in
"J i_ Qj " (, co. " _', _,_ c· ') (:

the vidn:ity of ,.~small chu~tcr 'or bul,idings. Ther.ei~,I!ere
" ',":i'" i

s> _' j o

'$everal, 'sp~c}men$ of Popu:~us detto,'t:de13 and manY' Pt;:puZrlts
I)

\ CmW$Oefla along the "strsam form; n9 the nof:tt1et~ boundary of

the prorierty. Plulafi"'1Y1ite,g'species and :rypl~a cap~"'lsis.9ccurred.
~ . J'

o

()

~'Wl'klb~kend'was a count!;,y polio,<=:station north ...east, of
" (," r:: ' ()

JQrlfJrt1'lE:sbor'g. ..Hypa't''t'fumia" veld" predomi flate~, wi ttl sma 1 i
\, ,

n
patches, of CY'J1bopOBcml1'h;c·meda. Natural ised Ad(u;ia me?,{J.'I'loxy1.on

Qccupied .,about f'lve per,c~nt of the area. Zea maYl) ltJ(lS

cultivateq y,titMn about t!:JO k1lometre$~ The gardens immedhtely

surroulldiog the buHaings \,ier,e planted with Pqpuz.us 4f!a"A;oides~
f.

()
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Rh'ffl 1,(1;17.ceaand annuals. A marshy, area 'l~y to the north'" of
I' . .

the site, about five htlm:tr~d metres from tp_a sampler. Again"
"

Ph).·agmit:es sper-ties pre~~winated; 'with sqme"Typha a(J.plZn$'ts~
-:~1~f-rf~ (, <l

8. t~J'its I ~Jas ,sited on the uni vers,ity campuson the urba~1

suburb~n border of ,Jona1!ElElsburg. Thi So was the on1jf sampler

that' was elevated)~, to n height of about eighty metres above
OJ , !.l, .'!ground" Campus,vegetation compffsed about twenty percent of

)] - (~

" ' , ,>

the erea 'iI11mediat.e 1.1 surround; 119 the sal1lt:r1l1lr~ and was mostly
rtf'i\-;"

'alien. So !-too \l.Iere thr.: trees on sidewalks and in office

"gardens! off "~Jmp4,s•

)'~'{ ,',

sU;l)ur{ls. It. wqs,a water reservoir, in thlEl centre of 8" large

tract of ~lmje\lelO'Ped 1imtl. Vegetatiorl' was lJYl?a'n~1zenia grass-
.~. _', (; 0

'laod'i'Jittta f~w nai;ur~1ised Acaaia metanoxy~ol1 trees:
;:: '. \

(t I,'

HI'. ' .. '~bl\debu It\olla(. ~"werage ~etttul.tI0' plant fo t~eperi -u,b a~.:
a 4istr'kt so~~t~h..t'{esp of Joham'lesbuf9". Vegetation on the

, )) , . .. .. . ", ". "
property w~:~an a l'j en ~,>,ith l'e:n11.1.:setum c ZandeST; i:rlW"1l compris in.g
the major ground covel". BU'jldtrfgs cover'ed 1lflproximately

fifteen rH~rcfnt of the" area. Arr aVc'l1ue of trees about. five'
tJ '!;, " (;"

~"

hundl~~dmetres 10ng C0l1S1sted of l!J:J.aatYl?tu$ speci as and Ced~!Al;1
~

'l

deod(J,l~. Vigetati on surroundi ng 'th'e ~t'operty was llypo.llJ','hania.

grassl and. surro'unding ~;the sewerage p1arit on an but the

~'astern boundary was "a~' extensive marshland vegetated \'~ith



11.. IHe; del berg I was south··west 'Of :Johannesburg 'in the

suikerbosrand Nature .Resel"ve~ ., Vegetation VIas tlJholly Bankenveld

~~ith llYlX<l'1'neni.a species co)!edl19 the lIlajor,J.)art of tho parl~.
~ . '. ~
Of~,d"idges there went c1umps of Rhus spec ies, TIete'i'olilovpha ,j

\\ - - '.:_ "

\\

tl,ll'0,t1:d;ia~Diosl?Y'i'cS tycioir,les', Eu&Zea cpi-spa, Aaacia 1<:o.'i'1'oo
l_~ '.J .' -, - -., '1

and A\:.~,aaffr-q. Farml arias to the nort.h" of the reserve had
'\\ ,

t'rim:i sheit~rs 'compri sed or A. meZan.oroyZ'tJ'n and POPUZW;1 deUoide$.
• ' '1 0

() \,\

'fhere w?is ill marsh on the northern boundary of the· reserve.

'Ph'i'ag;nitea species were abui1dal1t and som~ Typha oapena1;s
o

occw","ed.
,0

D "

()

(1~

1.8.1 l1lpparatus ..
" ,',;:' . '_"

.}'

Atmosph§!rit sa!lI~les
• !~ ,

Two sampling methods \'1cre used. 'Simple gravity sampler-s, were located

at each s.it.e (nglire 2'h qn1 tWd .Burkard samplers at t~JQof these

c,' sites, tine in Pr~,tOl"ia hitlF :.H and.one in "Johannesburg ('site 6).

Gravity samplers are adequate if,;:ss;,rf.ace de'po~~ion of ponen is to
;j •. _- _' 'J _({..~ _ _ii, _c:-~ ,~' c_t~

be measured over short perfods' (Rayrtor 197~). It is also a s:lmple>-
G _,! ' "-

.,,"\ - \~ .-,

qtlick and ectmom1cal method of as~ ;sinfi the pol Ien content of th~c"
, - ,- {)' l:,.,f ,- -' C) - ,J. .' - ,>

"_ ,:6;Ji,''';

91r , The apparatus used con~i sted ofa two-tiered p1atform~ the 'i.\
U ., o "

o

(.,



fifth slide \'Ia5 placed flat 011 the upper tier. The slides were' coated with
:--<

vase1ine~

Slides were coH~.cted \veekly.. ' .The lJas~line':ll1as (u~sorved with xylene and

the 're$i~Ue from all five slides \'1~s'combined. Acetolysis fOl\q'/ed faegri

ap,d1 ~ers()n (19751. Poll en"w~~ stai ned with Strfr.arti n~:,}nd water ll10unts
. 0

iJ'Jers'l"ead at a mag~ificathm of 400~ until 25(t~ollen grains had be~I1?(.. /-~

Fount. ed'.. ..nl.lf~ng ~.nte~. m6nt.lI$ sue. II <:ou.nts w.:rI" not ~ossibl". W~ek1Y ~ ..'. '... ", ..ii,
,werl:: progres,s1Y,elY"$ummed fot" the ,two"'year; study penoct. (( "', t '

,_'" ' <~ __-" __- - - - __" - -' il

co

<As gravity slides .;lr,einadequate for particles sll1a,~let· than 15 UIl1, this

method was n~,t appl1~~dto fungal Spai"!: analysis.
;:;

': - _ ,11_ '" ~.; ,~~

t1hel"e atmospheric content i~ being investigated'rather tMn s®'face
" .... ', ',". tr :', ,::" " •. .' :. . ,';\ I,' '" •..•. __ - ,\ - '' ..• n " ::'(}" __.,

dep?sitlon»,~ suction sampler is the r1fomm~1'lde?method {R~Ytpr 191~,:.

The Burkard Seven Day RE!Co.rding \tol ume~'~~cSpore trap·' haR bee~ e~ttel1:'

'sively used abvoad (levetln & BucY< 19130* 'S"ttandnecie et (J.Zvl~g4D
'\;:. :", - -- -, "(l l"

o And~rscm 1985~ Spi-9lh;ma et a~ 1985J;. and 'permits stanciardt'sed compar'i~¥Jns
,-',' ' : j ,..,.... ' . . (J

h) be made inter.natiMally .., fhis ap!l~raL e) samples air as a function of
\; .' " .. '.' ... ' '~', ,{,

o

till!e~'tamrl stently into the 'wifHJ~0 Rarticl es are aspirated "through Q

nar~ow {lr'Hice at 1.0 ',e. mi:~ute"lt:,;:SO that total of 14,,\~nf~of. ~'k
" .' . \~.. ' •. c I:. , -pas'~ies 'through 'the trap~ 111twenty~'four hCJ1t's ...,,,",.R'lrtit1es enterlng, ..the

OhfJCil.. ar..~ i~~.aCr~ 9n~.•...t. r~nsp. ar.ent iit~eth:·~~y CQa:ed./,1 th vase 1j ne;
The tape is attached to ~\ r_~~o1ving drum which completes a' revolution

'.... sz-r-: 1 I,

tn. seven days,. . turninS'iat;'l ~k:!!tQI~()lir-f;'" "u '

At the ,end Qf each M~ek tf;,~'strip' was cut nto seven aqua 1 sct!t tons,
1,\' ._','__ - __,;;"

Daily strips'were moul1ted'ili,in SO%g'fYCeri.ne ~taine<;l with
Ii --

~aft~Jllne. T~"eeri)n4!1ml1 $.el~~tedlon9itudfnat band~cQrtes-

ponding to the len,~th of ti~e stl"lp;each 0,33 ffimwide .were

{.-\_
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o·

o (\

\""',

Ii

"") cCl 0
(l

'))

o

scanned on each dili ly stri p, This pr9vided a di rect count O,f the

airsPQt(l contained io one m.3 of air (of the total of 14.4 m3) in a

twenty fouy' hour period (Spiel<sma 1981l. , ThiS method of scon.ling

"as' used ~otwith$tandin9 the ~~fects of transverse inequalities \t
(l<lipyHI & Pentt!nen 1981 {1I as 'tl'lsect'S oft.en lodged bettiJeen the \_~':,

intak~ orif1ce amI the ti;:\pe. The resultant obstruction made
o

, . _ .0

tr6fnSV€n"~escans imtlra.cticableu 'Moreover tremendous <:rir¢adt an

v;;H"ii.rlticI1 wixs noted '1n pyt~Hminajl'Y arJalysis so that longitudirml

scanning was preferabh1. Anderson (19~5) and tl.l1t,1ri at; al: (19 'S)
c.,)

o
;;_I

v
"

Strips were read at a magnification or 400f' An 0\ 1 iWffil\tsion le.!1s

of 1000xwas used for "chrity in difficult case~. Idel1tiflcatiop~

wQS aiqed by l!'~ferenceto both ~ slide collection alld"to/the -I
V'-_ ')

Ht,(~Y'ature (Hyde & Adams 1~lJ8$ Gi"egoy'Y 191311 Moore & t~ebb, 1975J.

A'll" lntal~e liJa~.chect{~dweek'ly"
<:f_

An instruments weI"£(erected t¥rr~amp 1e air ;..rt ~ rl above grotmd,
It

witl" thal1 exceptio!) of the sampler .at site 8 \'Jhere a 9t"ound level
~. o
c->

~i

b~C\puse this stud.y .'equited on assessment of pollen in thll1 immediate
~)

'y~ li,rdty~ as "opposed to a reSl'it'lnal survey. ih~ numbel" of samplers,~~~ " '." #
and their wide distrib,l.ltiOrl facilitated such a detailed aM1YS~$. In

addition, if the allergen'd'': potential of the atmosphet~e were t,JJ be
,r_;

the air to VIM ch the pub11c \'/i.iS

pef'tiMnt GQmpone~t. Gt~(:lgvry and

Hi rst (1957) f'olJrH.1th~ conce,ih'iltiofl of airspm"u to be consteer. bly

great.er at 24 lit above grotmd than at gl"ol1!'ld level.



o
o

o

" I)

the eleven sit~s\l. The urban si~es (2 .and 8) vlere exc1ud~,das there
"

wus no suit(atHe undis'tuvobed sail in the vici't"rity of. the Sa111I~:JGX;~

BH;11the ~~wepttoil or ~~it~$4~ l, W elmo 1.,1 II cores were tilfam beside
(/

thq ~lr!ll!i.:t,y' samplers. 0 Th~ f.ow" Tormer sites we)"!:?s,umpled in the

fl~)ai''''hy !ll(.1¥:shym~ea~tn~mti(lrJ:1ld above.
".:J \.J

Sjx....cerftllL.t1"0 cQ~·~$were drilled and divided into 't~o. " The upper",
c',' , ',. ' c. ' {i.. ,', \\

and hWJ.er three,~CeYltin'letre portions't'Jare considered as sorface and
08.

\,)0 subsul"fm::e sampl.~, respectil?aly. No depo~riU('\I1al time .pea-lod was
," 0

,Si,etrified (W inti~;teJ by this sampllng. ,lh~ ~"ntion{\le" was siml'dy

o

Thus the suBsorfec~ sample was
..: (;:i

o

(/'

that a b4ticd suqlf,lle \'JQ<:fldcont.ain th~t ~lc~miffnt of po1J~n tha~ wl1uld
--' . . . . -':.~!

\~ 0

eon~.icl(m~di1 subFl'l>ssi1 $ample~
o

i'::,

\'1

o
,0 , is I:'"

Thr~~ Nildom StlffilJles ff'Om'~nGh localitl,y were careq and plated tn
C' . . . \:) ~::

'I O. . l) . i} ,_ c~

P1ilstie bogs. tn t;ht; laQOrati()¥'Y th~se ttn~~e.;,stltUfJlq;?$W{~\"e(;,ombivI0~
o '~' .,,)

for, JlYlo:l.ysi s, A'Fte~ "thorough l1l~hdng!l TOOg <mtnlcts Tronf each M'

~l {)

c

1•

2.

".:1.
cs

4.
0

50

Ii c

\~

t')

~.

,,_ I)

the cOn1bined),i;$ilmpJ~svJcre ITItlcerated following stA)ndard labofutory
I) r.

procedures (Gray~1965) • {)

(! "" \i~

,., '\\
10%Hydrochloric; .acid {H61} added to dissolve carbon«~es.

Hesidue ~'Ja)ih~din dhtH led wuter to \"'ttlhov€('HC1.

Residu{~washed in dht;lhed twter to' r'~iiiI)Ve NF"

lirh:: chloride O!nCl2)"miti(:H~ill lSepO)"ot4 applied to re!tid(ie t\}



6.
o

PoHerri'fe'r"{ltfS 'fHHf~ t>Jasned in qisti 1U~(f'"vJat(;¥' \p remove 2'n(;l Z.
'.....,

c'Pohenifel~blJs residue ..(lcetoJysed to l"elllQvecteHuJost[s (F~~~i"i

o

.,.
I.

j)o11rm str.rined with $n'frari'h'le ilnd ((lountett on nric\"os{.;ope
u o

(j ')

~ 5Hd{;\l~uslng Oepex,mouiltingOmedlum.
,-.(.) !r>,~. . Q .~

o

Sl'(d~S Wet'\;! sCiml1ed at iII mtlrm'lficatH}~'"of'40(), or greatet' tllhen
I," ',~ ..... - -. . -.-:; ~~ 1)

"

clarity dem,:nld~d~until a po"1 hom count, of 250 grains li'JuS l·~~~t~~ed
'/

o

a

"p\t 'each site, JJpart 'from the utban ~itos ,2 a~d 8~ a,)Cfuath"nt; measuri ng
p

, ; ",' ,.,0.' . _,' '' ,', .,' {;

ftity metres square 'MtS df',tfl1alvcated around the gravity samplers.
- ',:) e 1,\ o (i Q

<) l1egetati OOc,Wi)$ measuredb \rJ1 tn:i n eMh quanv'at ~ ,~ach t axon' e:"pY~Qs$ed
ott, '. o c . Q d' ',"./.J 0

es a ;erc:~n!,tlg~()'f, tot~!D~~setat1on'i~~!~9iS\fenare~. PGrcentage

I"l;:f':V'i"~P to C(1i']OP;1};,ovti~~tq~"ta:~e$"and shrubs and to are~J CO'~€H~ for '!

I' \(" P~ , 0

herttateqll~« ta*~ lUlU'9;6S5. 'Areti "of the:: ,..f'irst thr~e t~as Gi!lculated
1,' 0:) .' \;! . 0 ~ '.' <~1__.)

by, rm!WStu'lJilg 1"\;1da,.\) Il~"eaof ~~aS$ Wils(!t~flculated ,by s~blt0'act,iI:\O
</. , .,(.~, . . , \) . . . ... .' ~\:OJ . ~"". \) '-".. . (1 " ,.-" •. :

tilt:( G~~lbirft::(hareas of t~ese" three frmm the tot~l vegetat/~Q .area of

, \\

'Y.:"J ()

()

(I

!)
I(

I_) ("-

natil from weflther st£lt'ioft$ ,a~ Pt~&toi'i3)i,rf9rum (10ct1'ted in cen~rtll

ci;ty) and Jml smuts A}f'cport t.tlorth ..east of' JotVlflneSbu{l'~,\\vere
') ., ~......~~"11

n ()
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COrlsid~e4 representative !f)r Souv'tsh N~;~edBushveid and Uank~nveld.

These. vJere the on~ly:.i;fi tst ord\~r weatli€n' stat iens in the' P~J\F,
,-

·slJPplying data ror all parameters selected:" Second ,~mdthird 'order

t1eerthei" stations lQcated closest to sampiing sites supplied rain ..

Tall and temrJeraturf: data (South African Heather Bureau 1981) 1988L
0,;;,.

Oatil Jor remote, sites VJei"tl> obtaim~d from t;he atmosphey';c sampling
()

(\

(.'

'.'V

l)

J\s 0

0

"

\1,

(J

o

Ii



considered representat ..1ve of Souri~t'h Mixed Bushveld and Bankenv~ld.
" f; ..

These !rJ;:ri3 the only first order weather stations in the P!r1V,

sUPPlyi ng data for a11 parameters ssl ectad, Second and thi rd ol"der

weather stations. Located c]ose'st to sampl ing sites supplied rain'"

fa 'II and ter11peratur~, data. (South African tve8ther Bureau 1981', 1988).

Data for remote sites were obta'ified from the atmospheric sampling

f~'ite$ on 10Ciltioi1~ mentioned above.

~ 0··

o

(J

o
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2.1 Introduction

In Sout~1Africa there have been no aer(lbi!)lo~'ical reports since those

#(!Jf Ordman (1947 19(3). This science has Jll~de s;·goificant advences ,

parttculapIy in the northern hemisphere. There the allergenic

poterltial of the airspora' "$ constantly under review. It is likel,v

that the airspo\"'a fn South· ~fl"ica has change~ s inee Ordtnan IS

~tudies ~Jer·eundertaken. IndUi~trialisation has alteY'eo Iand-usa':) '. ,.. . ....,
, .... " o

patterns~ and horticultural practiceJl'}~r~) different. Samp1iog
U • '.' ..~

equipment l1~s -improved so that smaller particles can" now be detected.

This thapter preJ~ po1len calendars for Pret()lria and Johannesburg.

Allergenicit,l( is d'i'scussed.

Methods ,andmater'ials for data collection are de,~cribed in section 1.8.

2.2.1 Pollen, calendars

Po11en calendars \~(H~econstructed for PretoY'i a and Johannesburg

using data Tl"omthe Burkard samplers at sites 3 and 6 (F'lgures .3
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Cyperaceae

Poaceae
euoatypt;us*

Chene/Am
-; Ast~ri1ceae

~22-

P~nus*

Umbelliferae Ii

Polle.n calendar for Pretoria

(* ~ texa comprise~texclus;vely of alien spsctes ,
Cheno/Am - Chenopodiaceae/Amaranth.8ceae;
measurement in grains m3 of air daily).



Jan Feb l\'jar Apr May dun Oct Nov D~c

Poaceae

" UZmu$l~

Astet'aceae

ChenoiAm
Stoell(J

o

al"\

Combretu,ftl \

(::l

Figure 4 Pollen calendar for Johannesburg

(* =: taxa comprised e)cclUsivel,;Y Of alien species;
Cheno/.Am ~(~henopodi aceae?Amaranthace~!,~;'
measurement in grains m3 of ail" daily)'. "



Unidentified1.3 " ..

Grass
52.0

'Weeds'
18.2

o

Trees
28.5

(I

Figure 5
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~)

&. 4). Monthly III ~en counts "{~re fi rst averaged for 1987 and 1988.

Then three ten-day (decade) means tllere calculated for each month,

with"pollen ~xpressed.a$ the dorily average m"'3 of' cl'ir. All ta)(8G . . .

which daily exceeded three gratns m,"3were included in the calendars.

The OVl~et and close of the pel len season for each tax9n V1ere first

and la.st days registering at least one ,pollen grain m-3 or air.

Thit method was used rather than a percentage relatp{l $tar~/end of

polUm season fNi tsson 8f Per'sson 1981L as ,."n mos't eases the season
was so short that a calendar w.as meanin,gless~

rr
(J

Annual totals of da; 1y pollen counts. m"'3 of alt· a~d percentages
I

t:a~oIT,-lwere C'alculated (Tables 2 & 3). Highe.st ~!aily cQunt is

displayed. Qnly taxa constituting \lloy'e than. one ~Iercent of the
o

total ~lI"esho\,ln.ipdividual1y.

Data were analysed seasonally by averaging eounts for 1987. and 1988

(1'{JbIe 4 ~•

Figure 6 differenti·ates between 9rasses~ trees and 'weedsl which

Jnclude veldfloVlers and garden plants. These are categories used

by allergists. Table 5 separate.s grasses from native and alien

taxa.
o \J



Table 2

(No. :: grains m-3

% = percentages of annual counts taxon-1
Ma){. '" highest daily count taxon-l
ChenolAm.= Chenopodiaceae/Amaranthaceae).

I--..,.......-'- .........._-,..,.., --_ ...........-.;....,....,' ......,., ......... ,_,----_........... ,....,......_.....,~...,... _.......-r Tilmon f~o.. % Ma~~'

0 I c

POElceae 10090 64.S 179 I PO(iceae 5119 49.8 175 b
I

"
Cettis 821 5.3 121 f CeU;is .'1450 14.1 93

I
13etuta, 532 3.4 39 I l1ra:t:(,nu8 Q57 6.4, 27

I \\

Euao,~yptus. .515 3.3 16 I Pinus 385 3.7 54
I

Ulm.us 513 3.3 66 I utmus 362 3.5 62
I

FrWC7:nus 346 2.2 35 f 13et'l{Zea 272 2.6 '0 19
I

Pirru8 334 2.1 54 I Cheno/Am. 242 2.4 .I2
) c·

ICheno/Am. ~n 2.0 12 I !iJu()a'typtufJ 227 2.2 8
Iotea 303 1.9 89 I Rhus 227 2.2 12

\1 !
Cupt'ess'U8 250 1.6 56 I Cyperace~e 196 J .9') 16

"I <'~I (1
\Cyperaceae 203 1¥3 19 I Foputus 19~ :~Y12

Popu..&US 171 1'. " 47 PZatanus. 1211 J~iJ;.? 23'·; t\\;i!" .....

I / '.'
"

\.,

Total 14395 92.5 I Total 94f . ;, ':'!91. ~. ,h

I -, '.

other's 1173 7.5 , Others 830 8.1
I

SUIll Tott~l 15568 100.0 I Sum Total 10284 100.0
I
I

~....."....., ..
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Table 3

POPU~U$

Euaa1.ypi;u8

Stoebe

Asteraceae
CeZtis

Cyperaceae
8etu'La

Platimua

.(

SQ ianacea,)

Chana/Am.
UZmus

Totai
Others
Totnl S\lffi

...... \

-2.7-

Armual total s of dai ly pollen cou~ts for Johannesburg

~rainsnt-3

percentages of annua] counts taxon"
lT~ghe$t daily count taxon'""

Chana/Am.=: Chenopodiaceae/Amaranthaceael.

(No. :=:

% ==

f4ax. =:

6169 42.6
1466 10.1

763 5.3
749 5~2

(1, 710 l) 4.9
538 3.1
427 3.t}

II409 2la
i

385 't.7

263 1.8

22.0 ' 1.5
a10 1.6

194 1.4

194 1.4
"190 • .3I

186 1.3

c

1988
IJ...-

~{O., % ~faXa

\»

6740 50.8 ,210

'l273 9.4- 97

608 4.5 51
" 577 4.2 74

SGtf (, 4.1 27-,~_-.. '(r- i)-s: 3.5 474)::8.~

444 3.3 19
.-;

402 3.0 27

318 2.3 51

315 2.3 31

278 2.0 16 :?
t)

233 1.7 16

153 1 •1 16

147 1 ..1 27

139 1.0 e

13073
1402

90.3'"
9.7

1261\5 93.0 '
952 7.0

13617 100 •()
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-..,.;;..'-------,
I
I
I lSa1
I

All year

I .
I
I
I

27.6. Ir
.8.0 1
3..0 t

I
1.0 I

1
l

Spring
Summer
Au"tlimn

\'Jinter

Table 5

PLitt

1931188
, I' -o .'.

I
71.9 sS.? l:
21.2 32..3 I
4.0 4.8 I

I,1.4 1.0.
I

1••5 3.2 II 1

.....J.... -

S8.8
28.4

<:\
'6.2

4.9
1.8

c

Anm.aalpercentage of .pollen grouped to ili1dicat~,
origin-,

(N..H. t.l: llot'thern hemisphere
S~H. =., souther",:. henrisphere .)•

- _,. _ __'\~0 --"~IT"'-.'...•....•..•.~-"1-r--•...•.. --T-' .~~-
1 JohijG1i1esbtu~g J Pl"etorl~ I "PWV

':i\ f \~ 987 , 1988 t 1987" "1'988 I 1~3Ua8
"" \ I ~\ '. I.. . () I-".o;j~-., t-.:i:-'-I'""."\~f.;'~~~~~""""IIi_-~r ~_oj""",,,i' '''¥;~'''~'''_H",, '.~"t .",--·,1·. loI.""_'; ..........-:i···..,.,._~;tI_'-_f_."...J _.......

I . I ." 1.!1
,. 42.6, 50~S I 64.8 49.8 t 52•.0
I I <J r

Natil/~ ..•, 20.5 15.•6 1'::1 J5.{f I 24.4 I
. (~I I I

Alierf' (N,.H.•) I 29.8 '27,~~J 14.8 21.9 I
o I . I I '

Alien (S.H.). 'I ,< 5'1\6' 4.7 I 3.4 ,~2.4 I

'UnidenWled [ \,5 ,(°011•2 li?f"
~~.-.~~~~,. .... '~. ~~~''''~~_ ..... _ .•. ""oWIt I

(J

i'9~1
#23.6

3

\i



2.3 ..1 Pollen calendan

Hu~ imemophilotiS grasses W('\I'Cl most significant. Table 4 shows that

5a"a~~ of pollen in t,h€ PHV showet! no seosoM1H.:Y. H)is wns lfly'gely

due to the input of grass pottan, T~u't peak 9t~aSs season VJQ$ betweepi

Oct()oer and Mav·ch. The onset of the Iilrrlil season did not Vat'.}'

<lpp.'ed ab 1,\1' between 1987 imd 1s.a8 ~ for .grass and a11 other taxa as

WG'lli ..

The lous nortnet4o ht3misphere trees made a s'igolf'icant

corrtribui;icm. lila regional average was 23_6% of tottlt pollen for

the t\'IIJ"jlet1r rH.n~iod nable !l}. These' trees were an seasonal, \lJith

the majol"ity flowering over a very llbb~'(~viated ;.;pring seascn.

The fl owuri fig per iad of most soascna 1 t~~ee taKo stov'ted ear'li er"' in
r-

PretoY"1 a • For e:xiiuilpl e CoU1:0 star ted in tho fh~st decade of August

in Pretot~i a, and « month 1atm" in Johai1nesbu~~g. Pz'a:JJl:nUD started
in the second dec(~de of August in Pt'etor'ifl, and in the last <h:u;;ilde

of Al~gust in JohnnneSOlH'g. UZmw:J staf"ted in the second decade of

December in P~'etorii;h anc in the last decade in Johannesburg.
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c-

suce~ss'ivefllcmtlls. ,Rell1tivc'y ll:lrg(~c,tllJ:11bt;H's of tMs (mt()l1u)phi lous
(I. . . .... ci

,;.,.:;:.::::,..:)

Entomophltous Austrn 1it~!l
Ii

c

pollen NE!re fm.and~ frequently clumpcd4

c

Nat'll/e t)'ee tmti.! !iJere pOOtly represented i'h th~ tltmo$phel~ic SQlI1ple."

On1,v (.'''.;'1 U::ia ~ lrl~~w, otei:t and (.1()m1J~1e'tUJ1i spec ies occurred in appreci ab1~
nl4mbet's ..

(
"Diffm'cnces t'Jf.:r® seen betl.'l~~n Joh(lnm~SI:HJrgand PretQt~i a in tM

() o

thi~re wev'c 9Y'C{~terqmmt'it'I{;~s of (~aU;,f,tJ, lfhw!, atld aZ(')t1 species.

Tr~es '),ot Slll)Ci;1 ca J1.1t ment ionM here but see}!n the poll en '

eulenukw' !iJere not ~rdgn'lf1e\mtly t'e,H'QS011i;e<l in tim atmQsplH?Y'iC

l:mBl~1e. '\)

'h "
Herbaceous and !Small woody ttuHl 'tek'med '",seeds 1 by al1~i"9'ists~ w~h~e
{~('!mmon(Figure 'iH. The lilajorit¥ wel~(~veldflm'ililrs» IT,ostly A~'tei"aceae

cg Stoobe 'I),~l(Jet'P'i:o~ A'lltcmiM,(!, and II()U-,(;~'I~l~'fJf}Wi1s,pecies. I'M .)nttet

and sev(lV'nl oth(H" 11steV"{lCel;l(lev'e (~oHcctiI!Qly 9rol~ped ill!!~he ponah
;,. :.

/1

o
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o

(,

'~

, ()

(.)1'

s»

o

(')

their pollen was {l'iffi{~ult to

Other native plants tn this catc9{wy tJen-a species of (]1"acmlZa,

ButJlzm'b'ia~ II1,o.J;, C{m·7Jo(;vu.l.w')) .tlnt1uJGtJOJ:w;,;w'1/l t'il taceae og:ilsplll'aaW)p
o

Solu1!10CQQ(h UmbelHfl1';i"ElG nnd 'NitJl't:J't;'htlJlmuG fZabbez.tfalia" A limited

fmmbca~ of Cypm"uceae \'JlJ;re r'(:!cordeti throughout the 'y~~ar4

o

Ih(1 smal t ~)t~rc~r.tag\il,of nihm lweds WiiI!> prindpil~ly confined t9 th~

1\;;;tf.\li~Qtoae. ~nc1udcd \'1ere both 9i}Y'den 'flot'3el~$ £lm.~ t~'Qditional I:J\?Cd1;

:l'<:tX'{'i.rlJcun~mspec'las l Iffdcms piZt.l$a~ '11{Y,.(!(')'l;e~i minutuz un~!CoamO$
o . cs " (j

D ('Ie;

,J!tMr" v;ol'llllttihw9~tls tl7ere ~rI'l~t)ut.ll,\l.\lnd ZJf,cmt:a,(JtF's'peCitaS and ta'tB of
~-= .."
" tih9, Cil({ij()po(liq~Cile#~Il"\1!}'tmtilt\CQGe~ This giNlt!~~'included nMthl~;and

c v (,.j

4lUOl1 t)1I:tnts~ I"I.1tlg'hl~J ft'om IrJ2iHIsto gm'd<mfjhlflt~,,· They ?lo\1ered c-::.,.{'

U \1

"

t'$'ith the I2xcoJ)ti'Ofl DO? Si;o(JUO "t,luZ,ecUl(,c. ilf\~ the Chel1opod'iacene/

Aml)l"mltM(~~~ae~ hev-ts.uCQmlStaxa occuv:red ~Y 'ir(.jdel'lt~nJ'j;)nd in
u

13raKjl1 Jll1ii1bm~s" As U 9I"OU;} h(MfHJIJ:t' the:Y con.$~itutGd Hlo2'7~ of Iilt\nuul
o

pOn,:H'l (U~tputn~'i~t)r'~£l). They J:JCV'~lf;W'''::~~9f'I~~!l:ltl~ontomo.philous
Ii -: .~\' / l\, ,; h

u I.1U)Ci seaso"!al ~ lntt .llmry.v, h~tl R'veri l0'!19c f:l?~t:n"{(ll~i'St~-¥1>O,~."r'1o~~ovt:::r ,;;, c·

,': 'J . ..l, ~. ':0 " ">, .' e 0 ::r_) _ _,. _ .' 4r~ . ." .c- ~;, ,~' " ,

'in th{i\ ~~st.et~ats:!~fot~~rl?:~~dr~'d)t),aSij&S (tf ,,~At'€'~~"entsi),ecidi,over:" ,:" 0

,,1,OPPQd~so tlmt tu~ "et1f~e~ive \~asollwas
olJ

al;lo;t eO~lFit\~~'Ous.
0:1 D il () \l 'q .q ,.\....-:_"IqJ . n I) . \.', ' ...) r:

',",,, (] ,;I,'" -;,,' o " ,,' . '(t?o
':.:J \1"

()

"1,:-,
o

C) (I I)

{/
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2.3.2 rtollen production /1

Grass wos .~g~il't the I'Il'iAjOI" contrtbutor \'fi1.h a regicmal average of 52%

(Tabl~ 5). 'file highest <JlaHy gr~ss counc, 210 grains m;"'3~c(£t8l"red

in \J()ll~m'rtesbtnr9 (Table 3). The trighest count in any othl:l" tonon
W9ISft'H::QrJed for POl>'t~Zua~ with 233 g~'tdr,s m"'3 ,m:~as'Uk'~~din \lohunnesblJrg

, ,(\

o r;

o

";~,

"tTabh,s t~ &, ~~)~ '~ar'llltion t'll}S ut.'i;h J~',$olute ~rtd t'elathc. lh'~

gr~ai:osi. ~b$ol\1te tmomol~j"\>Ji'lS t:lf.1 'fifteen 'pen'ce~l'~diff~H~~Hlcem« ", r.;. _ _ __ _ "IF

9'~i\Sl$ 1}3-n:~n..b{ft~\leml ~987 al1d(ll~U~ 'li:; Pt~.ei;o~iIl. R~,1ati 1J~':;.betV!een"
. __ __ ,,-- __0 _ - _ -\', ~

year Yj;rjab~jt.Y can be seen +n~~~natiDn j)~ t~~\).Otltyrst alld

secol1d'~"~k'H'lgs \'J~re consistentJi.E PonceiH;~, C'e£.titi and l!i>mG.
\, - _') - .\_~

,;./ } -'_J

2.4 :[0;stt!i!s.s.:hm
"0

!i

F}"omthe fm'egoiU1go;}"f!Sults theY'll ,~.$ good reason to'iba{iav~ tha.t c.
,-j .,

t.her"e1h en, allergenic· prQSwltlijl ;'in tJlga, PjJV. : l?,ol1~n,,,,"e,{ped,&lly o~, .
n\~ <.' o i'I ,. ~\ c .. - fj ;. ':l () . (_( . '_~ ,j (if ':'J t) . ,,_" of) :::-

() )ytass~l \,1¥ )\I~'deIM,}"cr.109'I1,is~d~9aQll,f,of the major e~uses; of \,~(W ~'6'

O(\,·:;t"f~S;i~'t:Q~'Ytnact nl1(t~~~ (O~\dmiln(,:}4? Ausdenmo~e i'981, B~(l~~felt
o if J) , C) \'\/

Q at.rrt' p:g8Z, Oll~ourlm & lebm~rita 1984). In this sttfdy Sjross com\r'h~ed

th~ major component of the atmosph('H~1tiopo l' ~rL spectrlmf' (Ftgures 3~.(1 4).
~ u

I)

"' o
"

(\



\!'I. 0

\1

tkass 'comprised 52%of the regional total of atmospheY'ic punen',

during the study period .(Table 5J ~ Although individual species

were seasonal, species flowered tons:eclJtiv~ly so that at no time
1/

/i

in the year' was grass poHen absent fy'OI~/fhe atmosphere. As an
)

grQSS ponen is morphologically ~rimni!lt· at the ;;;pecies level ~ it

was difficult to. isoiate species in the ~tmosphe~'ic sumples. ,How'"

ev.m"~ f'ield observation showe'd that liupal'l',henia "Illes most abundant~

tJith smaller numbers ,Of other. native grasses, li'Jii?c1,'t'l?lu,m:ta accounted

fot aDem!; ao% of grasses ~olJnd in the PtN, afl(,~the anthers ~'Jerewell
\1'

'" i,l.lx~)()sedto ~'iiri(j~ about '1.5 m above groum.{. ClinCidott da.(Jtyl,(;m (:4!ld the.

~itptic iJlim;;;id'~'tUt.n (JZatld~wt·i:nwi1were common 0'0 1moans and spprts (

H\~ldG!I but t1titl(1r.!lhGI""~c poFten was pr~~abl,v m'!nimal and v~r/
\1 . .. " "J -.'0

lo!:t:llist?d" '~Co't'f;adm.·i!1,~u::1"l·o(.(i,:a" ilia'S phmted to stilbHs(~ goldmine
" I), ...,

dump·;;,."so thlli} poHl!Io was also only loc(llly significant.
d •

I) "

o

i!c o

15'
(\ l!i ",

l 'il9so1uta nt.llnbGl"s "iH)~ .)'elat'h~ pqr~ont~te~ (Tables 2 it' ~)\'o I'heir

sallSo(,I'l't~~s"Silol"tri'r here thar{ in t~~ rlO~~hern h~hjisphr:ll'(~<teuscnrmr p"
I . U 0

& BoehmUtal, Spie~u;ma 1963), flresumagJy because of the rarlid1y
{J > '-\

o

o

i.net'easing i:~mpi\'lratl~reS.,jn our spriI1,g.
clef; ned ,fj$ in the nort~li;rn h(~ilrrsph~r8'

"

?

ll1 the Pl'lV sprdng and
o

"0

I~ 0

,we~!<s lil Septemb~rlOctobe~' and Apt'H/Hay. '1tant~r spanned June..
\ . . . . ,-~.~.;.:::, _.._,·/1

o oAtlsust, ilnd summer ~ij$tE!d from nrld"'OetobeY' to mid ..Apr'll. For'

o

o n



seasonal taxa the fhn';ering season star~ed 2arHer in Pretoria than

~l()h(1nnesburg. This was probably because of higher temperatures in
o

Pretoria. o

c

Native trees we~I,e poorly t'epresenhd 'in the poH~h s'pe~um,
:) ,)

This was partly due i~o lack of trees in the natural vegetation and

partly due to the entomophily of t.hose Whidl'~d occur. Only

ailf:llnophHol£S\!taxa were fH4esEmt hLappreciable n\~TiblilrS,~g R1zuo and

o

() o

c.
CJ 0

o
o

G

11
Narked inter ..arwmal Jiifferences ill pollen .prodlJ~ti.on (Tables 2 8t 3)

has tllso bee.YIdoc.umented by Spi eksma (1986) II J·;prki 119 in the
n. <0 0

Nether'l o.nds. Spieksma ('19B~_:},"suggested that re 1at '1va percen tages 0

/(1

~'!\m!(_,frd{~u1ult19'lilor~"rriemringf~.q,~h~habsolute pollen eollnts. f~is
,_.. ':') :' ';. ;;r "r? 1J

<)'" ;Ii(";' , 0" ;_,H .a t,,_.,/ , _, c !~', " /I", .,CI ,"-is t-ru~ ''rot?s'e\f.-~ral ~4t?asons~I) f~19s~pollen fal'1$ to th~' 9~~,?Ui~!;(vtlthin "
'l) .J,~ \) " ,~ " o (r.:;- t· b

one hundred metres o·f th~ sourcd;;:'plant iRilynor at at "1970)",,,,'Thus
n r; r..:' (j, ,,0)

thll Burf<'artj sample,' a~pirates poH,~n in its il1lmedlate vic'initjr.
. 0 u •

A1tliQU~!,l there have been repot:lts of lq,ns;!)distar)ce d'ispersal
., k D ,. . c)
(Stn:mdhede & t'1ihl 1~81:) Nam!rioH f3f; (1.'[, \982, ScO'tt €I V,art Ztndev-en

~\,-,

Q,pkker 19a5~~1e'lffl'el'l1988),. they indicated that atmospher'ic,.
{~ond~tiol1s i.m~ terrain ti19re Hmit1119 f;act(l!{·s.,

(') ,

()



The major cause of inter ...annual pollel'}"differences 'IV'!this study
o ~

,~agprob~bly climat.ic variaticH1f expressed principally 111"

unreHability of rainfall in South Africa (Tyson 1936). T~e

'influence of rniftfaH will be further- e>{~m'inedin Chaj)'l::er4..

\\

Although ponen 'is ubiqutl:ou~ly recognised as allergenic, the

dO$e"f~\:sr}(~i1S(:)conCtmtrirt ion thr<eshold for po'nsn is lmc~rtai 11u

Avanabl~ lnfQrmat:hm. :f'efers to nortlnw'lj, hemi$phel~e conditions and

o

v

'Davies ~rld Smith (1913) considered 50 gru'lns m..3 to be the level

c, JlboV'ewMth:, sev,;re (ii;'"comfol'twil1 b€1 experiMced'oy individuals

sem.iitised ott) grf,lss pollen. This eut ...·off poi'ht is frequently quoted
" . (, ,~

(Reiss & ,Ko§t1c 1976t Alldel"srm .19S~~Koi'vikko ct at 1986). In 1976

fuck~,H"iede.~eported th,~ 25 grains m""a elicited a response in

50%of' gross semrH;·ive pat'lents, ami that)SO grains m-3 did so in

lOO%J~f)su(!hpaMents. ,) Vinnder and 1{()iv1kko (1978) fOl)~d thtit

" "birch s~m$'itive°p&tient~j ,r~aeOt'ad to 200 gra'ins m..3~ Therefore a

o

o

":;-,

generu'l rule of thufnb do~s not' appl,y,o with plants differing in
\" .' . 0

() ~.~

amount of pollen w~ich provokes iil:l¥'~Sponse:"
(I .(?

\l
Q

o

'the al{et'g~trfc status of South 'Afric~1flgrasses 1$ undocumented.

tlow~~ve\C"!Imost grasses "share aHe.rgenieitY$ so that sensiUIJiiy to

'OM taxon will probably imlicate sens"itivity to other grasses
(Chapmu:\ & l1nHams 1984, Bruce' et t't1. 1985). Th~ Hkel1hQRi;J is

o

\\
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'that OUi"gra~'scspec:ies 6lre all suspect, An added problem"in the

P~N iu"ea relates to the long floweY'ing seasen of gra,s.$.es. This
c '

oseasonal IlhenomenoYl" o

'J

The m.lc.ertainty l~eganiing aH12rgenicity extends to pm'" other native

plal1tS4 ,Northern hemisphel"e repo.v·ts agai.i1 show shareti allergenicity'
, "'in i"f~lated taxa(lgiwel1stt:in 1'980~ t~eber 19(1),". This means that

must species contributing to the pollen calem:lcU"s ot' the Pt1V,are

potefltJaHy aHelrgenic.. F!H" e~tamiJle Cett'i$ tal.W1:gata 1!1Ild

c. 'a(J.cida'fl,~a~.i8 f.l;~~ allergenic (Leltet:111 .& Buck 1980). In the x

Ulmactme,lelJe~iVl end Buck (1980) further listed. various $p~ciltls .of
1','.

The OleaCeaaJl)'·e a .seriOlls source of al1el"9Yl> particularly 'in
" . ," ~-' '.' D

:',) . . c· 0 '.' .'.' .' ".. . _, ';

t"~!H,~erl~am;HU\r@ions (Nat'eli of:; a.2 1986) WhEH'C'o.tea 'Is the \i1ajor
, \' II o

(;ofltrib~tor.. In the PWVtir;US7;X'um and 1?r'aaJ'tmu~ species ware
addit'io~Jally ~mnlOn~ Poputu.s pollen, ~bu~dtlnt"iriPWVsample$~ was

. <)

repol"tad as highly all erg~nic by ,Buckand tevetin ,(1985). Eetuta
"

is responsible for most tree allergy -in the northern hemisphere
. ,,:._'

(Spieksmt\ J~B3~. Stf'E!I1dhl~de et: at 1984, N1de\~son 1985; Kphdkko e1.~a1-
". 'i. I)." n

1g~G). In the Pt~v 'I't was not commonbut m;lY have be~n a haznrd in
o (;_,~) 'D' ~1

co 1OCCl 11sed s·i'tuat itins. PZata'rZUCl 'i t'1or·~#!..'avuf QLt~l'ICU$ $ pr~$ent.: i,n
. ,; it:' ..•. . 0 ". (' () '. .

c fai r \?ulllbt~rs fit ttu{ P~JV ,.,are ml)dt%l"atel~oallergerl,tc 0 CI..s:vet'1n & "Buck
(> , , ~ :1. o o n

l~~O). P'ren9ue~·,.,~nd ~1al1dr101i (1987) found"'M,.Yr·taceae to '¢t1use 'i:J

silorad'ic polUnosis. oOr'dman ~1963) stated that the elltolllophily of, r( \l
this tt:uwn9 Aa(J.(J.ia and Jar::a:A~ 1mimo$ifoi4a precluded tf'u.,;i;\l frOI~

batng 0 hazard. ~



(_)

Unc~rtaint.v also surrounds ~l1tomopflilous. pollen and its role in

anet~9Y. Two limitations are invoked. First~ it is corrstdered

too large to pass into the smi.Hler airways. · 50101110n(1986)

addressed this point. He reviewed anomolous'studies vJnere

pollinosis associated \ilith, identjfiable pot.len ,J" pes did not match

incidence of atmospheric pOllen. Symptoms occurred either before

atmospheriC pollen \lUiS recorded, or the anergy persisted beyond

tha pollen season" Similar observations werE! recorded by Spieksma .

et at 0985l. In explan~thm Solomon 09S6) reported evidence of
, ,

it';' flssoC'iat'ion of poli'i'~fl a'l htrgells with sman particles. in. the
, ' c' "":>" . . ~\

~n;ir()sol range SMcitc;aHerg.en particles ~a'y elute from pollen grains

before their dispei"s;ll. i(tl1ey contain antigens, the size (If' the
:-';~~ .

"intact gra1fl\ th~H becomes trre l:,eva~t"

i)

;'jecoi1d'~.eftt~moptrllous po7f'etl is thought "hQt to JCCI.It' in the
, '0

at,jl10sph~I"e'in arJ'pret'd.zlble")nulllber$." Th~ "flnMngs of ttli'~project

c dO'\'10t sl1PpQrt) tvi,f c(}n~~nti'ofl$"as fair nlJ.mbers werE! r~coY'de9",
o . ,,' ", '" ()

albeit in lpca1isedasituati~ns.

, I)

'.,,;';' . \\ . ..C> " . .'. ,', .' . \". " .,'. ."Sap of !?liU$. causes contact dermatitis tU: Davidson persona,} cbser-
a

vatiQnh so 'that antigens may be presmlt. i}1 the pollen as well.
/'

Or,~man(l963) 1Tli;!f!.tioned that $dflinu(l':)mo~t~ was often inc~"imfr.a.ted
.;-,

J. . '~'" Q

but ,KH;W~I"roul1tL tOj)cltlsi',l'el;y to cause My f~ver •.. Few pollen gra:ins
':.\' -: ,,--, ," ,,' ,,' '. (1,,' .'"

~f t:~'tS and t'he i;rem~Jning t'r®t4 .~/ere'f\:~l)nd.) o

Pollen of the conifer's wa~ produced il1 lar'ge quantities. However,
o

the po l len affects a ,Hmited number of people only.' Tfn~ee taxa



(j

n
lrJere ab.Jodantly represented in the atmospheric samples of .the PHV:

• Q

Pirluta) Cea:VU$ and CUpPBSGUS. !?7;nus is reportedly hypoaHergenic

(Hal"~ris& German 1985). . Although Ordman reported only one case or
pine polHnosi.s in 1947~ iiI;! ·considered Cup11essus to be the l1lajo~j

ca,~se of allergy in patients pl'esenting in the winter,,;.spring peri'od •

.considering the 'w~eds', Ordman 0947., 19(3) round HmitecrpoJ1iflosis

Cl associated ~'Jit'hth~ Asteraceae. He reported some incidences of

multiple $ensit'I!"d~Y to this fami1y~ but other cases of speoific

sen$Hivity only. Ar>temis.ia is the composite weed cau~ing fu('J~t
(,

t.rouble in Europe (Petersen & Sandberg 19$1 $ Strandhede. &J~fhl 1981,
2 c

Nardi .et at. 19a6, Spieksma 1986). As on ly sma11 numbers were "

found in the P\~Vit wa$ only locally sigrrifitant. tevetin and Buck
''.

(1980) "chsMfied :l'al"axacum as a minor (Jllerget1'. Sf;oeoe ;u~gavl~~ . . .

was qutte aQ,undpot ill rural areas of the PHV, but its .aHel"genicity

is wlknCMth
o

o

The ChenopodiaceaelAmaranthace~e ,h1Jlvebeen implicated by numer.'.ous

\\workers<) (RQmaflll E!i; at 1983,Chapman & ~i11; nms 1984), as has p\tanta(!o
i-;J

(BueR' & Levetin 1985~ Sl)ieksma \9'36} 4 Both '.Ordm~,n(1947) and
e t
\\

levetin and Bw.:k(1980} reported suspected sensitivity to Cf/t){~l'U$

$pec'ies. UmbelHfer1.le \'Ja$ listed as aJ'fergel11c by Anderson {1985h

i\

The.reml'li11109 ti'~JeedsI are probab ly not a ceuss of'. conCt1}"I1, in the

PWV as they occurred infrequently and in small numbers.
o

o

\h\
)1
//
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L Grass pollen was the major component of atmospheric pollen

during the study period~ comprising 52%of the regional total.

2. At no time in the year was grass pollen absent from the

atmosphere~ as species flowey,:ed sequentially.. "

3. Northern hemisphere tree ponen was well represented. The

flo\'Jev~ing season pf these. taxa "II,,\S shov·ter here th(.ifl io the
\) .• ' __ _ __ -_ _ .II nnorthern hemlsphere.

4. Native trees Were poorly represented in the pollen spec.ty·um

Th.is \\fa~ part 1~(_,due to 1ack of trees tn the natural vegetati on

and par'tly du~ to) th~i r entomQphi ly~

5. Although Johannesburg and Pretm"ia are close to each other,

the native tree ~olTen spectrum reflect.ed differences in

natural vegetation.

6. ~1arked inter ..annual, differences in ppllen prcductf.on were
" ~\

observ~d at both sites.

7. The high percentage of uorthern hemisphere taxa combined \tith the

large numbers of grass.es, indicated a poor scenario fe!l" a')\'1~9Y

SUf\feret~' in the r-egion. 1~~additi?n~, the seasonal dist!'ib~)on
\,

of atmospheri c po11en was unf avouriib1a, with nearly 60% of the
, g, "

annual total beitlg representative o(,taxa "t'ihni;\!VJere nen-seesona},
'''::,
r'
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Chapter ,3

o

"In South tI\fr'ica the role of fungal spores in upper ..rf!spiratory
tract all ergy is recognised) but study has been Hm; ted", Ordman IS

work (1947, 19631 focussed on pollen. 'His mE;thods were uni;l,bleto
detect spores in qllanMty, and in addition Tuni1 were cons1dered a

,:-:"\

coasta r hazard'J not associ ated with the dry a~m()spheri 2'1 condi ti onsN __ - _- - - )l

experi anced in the Pt~v" e~peci ally i11 wU)ter.

Thi.s chaptm'\Jieta'il s the fonga 1 spani content ,of atmQspheri c:.'.,samples in ~e pwv.

Spore counts from the. t\'JO Burkntd samplers) situated in PI·\~t'Pria

and Johanne~burg, were used. Daily data were combined and averaged
to prQdu'ce regional monthly spore eounes , "i'hicb \'Jere compared to

s'lllli1ar ~ataG)'or po11en (Table 6). Fungal spores were also expressed

as a percentage of the total airspora (Figure 6)~

~El1ati"e spore percentage compos'hion for the PWVwas ealculated
"(Figure 7). Oet~ "led identification of fl..m9~1 spores was not



"undertaken. Only taxa thnt., were readily identifiobl~were

')

'"

r;

. ";;.,_....._.,...,-""....------"'-"""""'p ...'''''''"''''..'''-..,,..,'':;:}4,,''''-'''''''''-'
f~onth ,',I\)" t'~1hi1l1l. 0" b 0 ~')ores

~~~,~~ ....$IIi'(,'~~'"l~~~~~~#tiiwft,~~I:'¥4· ..·~,;~~~~,,~ ...~·~~
,Jan I 120 I U;E323

°b J i -zFe I 62 I ' ""c9pG4
t·1ar I 65 I ~;'i1'2926 \\
~Apr I Al I 9096
~1ay I0 30 I 4673
June I 1$3 I 3188
July I 14 I 3:"10

i' 1Aug I ' 67 I 1561
Sept I 81 1 2060

1 IOct I 36 I 162,~
Nov I 72 I 1078
Dec I 70 ! 185'2I, I'

........ 0: .... ~"' .. t_."..,..,.~~~,~v1tt,~~~~~~~~~~ ........ IIIpO:~
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3.3 Re~m1ts
I:::.

(')
Fungal spores constituted 93.75% of the. annual total ail"spora

(Figure 6). They 1~ere present throughout the Y'iar, although the

major' spore season occurred in summer (Figu;p 8). Regionally,
,n 3

avet~iige counts vari ed from ~bout 1 -000 spores m~·· tn the low season

to about 13000 spores m-3 in the hi gh season.

\) In Johafmesburg maximum spo"e prodoction oCfurred between January

ano March, and in Pretori a between Oecen,be~;;'and Apr; 1 •

Clrados~:rl:wn species corrtr ibuted !59.8%' to the annual Y'egional

si!ore tota 1 (Fi gure n. Ot!ler gener:a that occurred in 1arge{'
II Cl
\\

nut~bers were Ati;el)rZa~i,'!; and Ei?1:ooocum~ Ti;u<athat were the most

comnlon in the category Iot.hers I weI"e CUf'VUZaV1:a., D:t'(iX~h$tepaJ FUl3at'iwn,
()

Pit;flomY(Je8) ToruZa~ Nigz'(')spol'a and 6'tempflytium.' r13I1:i.o1~Z.1,l,wll and

!t.spe'l'ftU 1,U$ were only detected frolT the culture plates (unpub 1ishedl ,

The above resUJ ts sugw.es't: that there is an aU ergen'i c prob 1em in
\\ t, I'''''' () . ,;. . \)

the Pt~V! apart h~om f.~lat.caused by pe11en, Fungal spores are

\'flde ly recogni sed as an 19:~nt it1 upper respit atory tract all ergy
..1L

(Andel'son 19a5~ Aukrust et: at 1985). In thff'PHV they were recorded

in large quantities, often in excess of the thresho1d level for
sensitivity of /~ 000 spor~~ m..3 (Bagn; of; at 1977).

Fungal spores were severul orders of magnitude 91'eater than pollen



,.,~,

~45-

counts throughout th.e yeal~ (Tabl:e 6}, comprising the major'
!

proportion of the total of all a.iY'spora (F'igure 6). Other studies

produced similar data. For E?>{ampleVittal and .:.Krishnamoo.rthi 098S}

found that fungi contri buted 87.2% to the·' ai rS1'Ol"8 in t4adras J

r,· "

Indfa. Even during the dry months and not\llith;standing,frost

conditions, fungi were copious in,the PHV.

The predominan,r-e of th~ fungi imperfecti are supported'I;.1' :itudij1es

elsewhere (Larsen 1ge1~ Vittal & l<rishnamoort\~i 1988}. e This diroup
JI comprises the fungi most important "in terms pf allergy (Av'<rust &
, ~.. 0

Berch 1985}. Not only the spores but also .the myceli a are
(i

o

This seems it.p be a wl)rld~wide phenomenon, with many r~o1"ts of
'J

si.mHar results (Davies ot 0.1 19153, l,evetin & Horowit~ .,1978$

" Ruhul iS(i 1983).

'f
The earlier and longer peak season in Pretoria (Figure 8) was

probably ~ause!d by higher temperatures, and hence earlier devel~pment

of hos't plants there. This rollmvs the same p~ttef'n as the pollen

calendars (Figures 3 & 4).

\, 0

The difficulties ,of identification of ,fungal spores from atmospheric
f

samp1es are commonly ,ac:knowledged (Rubuli s 1983, Andersnl1 ')985),

Aukrust and BOl".h {19a5} a~ol1g otherst have pOinted out the

limitations of the taxonpmy and the unc~rtainty of aHergenicity

of the many strains in each species. tn addition many fungi have

()



f)

£everal spore ~roducin9 stages indistinguishable from one anotller'~

It is uncertat n whether all stages or 6ply limited periods are

allergenic.
o

1 At 93.75%~ fungal spores. cpnstituted th&l majo¥' part. of the
annual total at r spor-a (J1 the PtN.

2. r:ungal spore$-'lt/ere several orders of magnitude greater than
" pol'len counts throughout the year, cold and dry winter

conctt+ons notwithstanding.

n 0

The fungi ,imperfecti comprised tn excess of 87%of ~he tota1

spore ~l)Ssemblage. Of this , CLad/jerporoium contributed the major

prorortion~
o

~ h

.. )1
As vlith poll en, the peak sensol~?~ccurted e~rl ter and

.' 0longer oin Pretoria than in Johannesburg.

~) I:

o

,_(J

(j

//

(I
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The Role of ~tete()r«)]Qgic®l Factors in COfu::erntriitiQIl and
. .. l.'. ... ,).

IHstrUmtion IOf the'Mrspora

1(\~
Concentration and di stributiol1 of the ai.r.spot;:<l are Y'J;h'ted to

meteorological fac:toY'~\ cUY'ten,t.weather cOl1oi{tions (r:tinldng',19n~

~jUn9kVi $'C et at 1977 >iI1cDona 1~ llifiO) ami those ot, prev'; cus trasonso
(Md(l!rSon 1980~ l(oivikko et. a1~1986) are ,,1nv01 \fed" HOw,eVE!Y') a,

'relationship ..b~tween meteorology, and cfirspora does tiot Decessari1y

indicate causality ~ as several 'Other factor.s may"p~ay a lO'l<~ ','<0

(ad Itgf~1~ et: at ) 982. ,M~~iri~n 191t, 19851. .Jh~~~.~actl)fs f~nction ,

spatially, eg ~egetation zones , topography and sOfl condition§'.
Ii 0

'0.· : .... II
Physiology and p~enology of the plant also ,contr:rij,)ute to va\"iat;~p

II p
in air~pora. " o

s:'-...,,_;:, ,\,

Meteo)"litogical data are significant in forec(lstinghi.gh allergy

days, If advance knOt~ledge is avai1ableJ cMniCianland flll~'r~y
, ',' " II

sufferers can taRe appropri.ate precautions.

\, " . ,,' J'
This chapter examines the t'ole of mJjteofolo!)Y in concentr~tiol'l

c

and distribu1;,ion of ?irspora in the Pl~V.

c
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4.2 r~ethods
o

o

Data from the Burl<ard sampleY's f{)v' sites 3 (,Pret()rh) and

6 (Johannesburg) were analysci'd (Chtlpter 1.8). "The decade avetages

for grass poJlen (Chapter .~.1) and fungal spores '(Chapter 3.2)
c~ w; (J

\'/erE! used. Only the grass ~mponent of the total pollen sui

considered J.lS the amount of pollen pt....oducea by other ta~er was "

relatively small, and the pollen. saesons wer~ \: y abbreviated' as
,'.. '. // ". 'explcri ned in Chapter' .2. Ii The mai n seasen apart from the e)(tendrad

grass SeaSGt1 was spring/"f'or which' ihev'e W~I 1')0 fe1tJ data pOints "to
1\ '''' " ,", \) f~

validate statistical analY1Jii$. "Als~., at 58.8%much .of the total

pollen was non ..setisonal !Table if} eg COll1posita~) Etwa~yptu,9 and o

o

Cyperaceae, so that correlat'jol'l \'Jith seaso"nalmeteotologica17
(I , ' () , '(~

factors was meaningless,
'.~ 'lJ

o

(~e~eo~ftOgiCal data (Table 1) ~~~resel~c1;~dafter Y'e\~~Y'enceto
,,'., .:,'similat studlt;:($ ('ReiSS Bl·Kostic ~976~' Br'lngfelt (rt aL 1982,

Lyon cPt 1984)' The data \'Jere obtained' fY'om the South ~~{ican

~Je<ftheY'Bureau' $ first ot\der' met~or~J,()9ical stations Cl<>$eS~O .•

t~e sampl~rs. In Pretoria this was·~citystation abQ~t.oven\

airpoy't about ten Id lomet~es from site 6,. •.\
\. .. _ .... \

\
',' ,!" " \

-!! .. . ". ~u ... ~

'~ cs
\\\;~

"\\\
\\

Apart .from rtrt',~fa.lh dairy m~asuremel'lts wel~ecalculated to. give
() n

ten-day avera9~s cort'et~po~ding to pollen and. spore data" "Por

rainfall ten.,.day peri cds were sUjilfiled.,
o

"(;

'-:_I

VJeatber stationRadi ati\')n was measured in

o o
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(S
Heather conditions ItJhich varied duringA:he d~y w~l"e recorded

hl.!I!l'-ldity. pressure. and L'ljnds~eed.

three times daily at ahOO~ 14h:OO and ?OhOO.
~

c

c ,)

(~~ble
(\

o

Qr4ax.lmtlm"temperatul"e~c I)Centigrade
.; .·"··0,

Mi!li mum temptarartlJl"e, (>Centigrade
Sunshine hours
Globi;ll radiation~ J4eg.aJo(Jles m-2

Difftlse radiation, ~1e9aJouies n{2
Perc~ntage rel~iv(;)humidity

-. R'linf~, milHmetres ,J

pressur~ miJl~bars'
Windspee&~ m s 1 ,

"eo,

"$ever'a] "imalyses were. conductea to estabHsh the relatlonsh"ip of

the i.rirspora\to met9.trOl09iC~1 factors. The firs-t"group of t".7sts c

'\ . • \. 'I". .",,' II
'Involved 'r.;ompah~$onof '\;urrent t\lrspora with current meteorological

'\ ., " '

concHti arts:' 'fhe~e ~re tat'med current gnalyses. "tl'ij' second group~ I)

are the time ser+es analY,r;es.•

4.2.1 Current an~lises
I)

Fitst~ ilt1nual dist~"i.bution plots of the airspora were compared wi'th
,I) ,

RIots of meteoro1o'gical da~a (Append1x U.
I)

o

II~, If
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secend, simple cot~relaUon analjiis tested eQ,rtespondenee between

meteorolQ9.•ieal dCtta and a1rspora (Appendi:x' 2)" Dat.a sets for the tVJO
o

yaars \lJare combined consecut;ivel'y to increase sample size: The program

Statgraphics (STSC 19B]) was used to establish Pearson IS cQY'r,elat; on

coefficients on normalise,d data. Correlation coefficients Were

signjflcant at, the five percent ,level of cOt1fidence or }ess.
o

Thil"d, step\\lise multiple. regression analysis (STSC 1987) <1¥pend'ix 3)
o () 1.\.. '.0

estabH shed panolfiieters si gnificant for forec:a~ti n9 higil poHen and

spore d"ws. PoneV} and spores were the depSf1dent var't iib1es, and
,., . ," iY" .,', " "

metepY'o10!'rh::al factor~ t'lera theo'independent variable~ or predictors.
·1 c

The program' il'tV'o~uced ",nqdeleted independent varlaqles one at a
ti«l~un1;;}'only those significant" at the, 0.05 level of 1.H·obabjllty

\'/sre· .in·the·l~odel; The selectfon ~f fndepe,ndent var; abIas 'used,
~\ .. ',' .',. .' , , . . ,,0

th~ F.,tes~. iJS. a ct'iteritm~ based on \'t:~eMean standart! Erf'or (MSEl.
\\ \~

'~ \,
\';), .' :~\ . \

Joe dta9no~tics on which decisions were lllatt~\'£9'(' ",poel sel'ection \"
Ii . . . o . '\ "\. ":, "o

"'were the residual· plots iUld the Normal probab41tt.y '~~ts. The
6 . \ \.. "

"best,. moUe ls at bottl ,si te~, \'Iere obtai ned when.,th;~.,s4uare roots of
:' ..• ' ... . () 0

t!.-ft dep~,ndent variables t~ere used. Untl"ansformed data.shbwed

norl''''constanc,Y of variance in that, t~;e rekidual var; ance increased

..with RY'edicted Vi).lue$~} Similarly the Normal pl"obabiHty plots

sho\'Jed sign"fficant deviations from Normality.) S.electing the

square root transformations helped to stabiHs(vthe vari ence ,:
~\

'made the data more Norma1 and gave better R2. val ties)

;1

"

Xllitial itil.lltiple regr'ession analysis suggeSted '('1 seasoflal indicator

to be an ("Appropriate addi~\ion to the suite of independent Iliu'iables,()
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The seasonal "indicator was entered as. a bimodal 'variable.

o Zero (0) was dest gnated as •J~t ~f season I and one (J) as lin

, ,0 season I. Thta pollen season W4S cQrt$j{!erl:d :to commence. when the

poll en C()U'l1t first cy'egi ster-ad 10 and. ~nderl 00" the 1est count of

10. The spore season was cOl1siderGldofrorrt the first to the last

count of 5000. {·al1:~counts in number's m-3 of af"'). These counts
Ii . ..... ..... _.. ' :'0' . '. . '. . ', .. ; " . ...•

'{I

were somewhat a~bitrary but VJere $electeel because they coincided

wi th en es~alil'tioii in both poll en anti spp.res.

o Fii'ial1'yt:. meteorolO{r'ca1 data of/Joh~mne~bur9 and Pretoria were
c.

" ,'_ (', ,,- ;,. _ ' . (' ,,','.,

(,!a~f'.)!icients were simi larly established ;betweenJlairs of"

l1le:t~orolp91cal f(lctQY'$ at Pr.etoria "(Appendix 5) {STSe 1987i.

ih2.2 lime series analysis

~) 0 . . ' ..' ,'.. " ," " '~'." ' , \", t) ,-

Time .s(~\~i~sanalysis (~rOSS~(#Orrelattor~~~STS~ ,1987) investlgoted

the· j oft uence "of wea:thel'l' peri ods antecdjent to $\{bsequent
(J " -', -.' 1,

Sea!_.i()H$. '... The analysis estjmated thec:§or~'elatiC)n' bl§'tllleen .one.'i;ime \0.
,';' ,'_', ",>-' (),' ." ._.... ','" " It "

seri~s, pot.Jen or sP~t'es, at t"hpe t and Uo!Hl(!(\~d time serl~$,

ml~teol"()logical varhble~ at time~$. ~ 1<es a function of th(l' lag
('

Or t"lme di·ff'erential k, This dettN"nrined whether the meteorological

parameter 1(\;tf' pollen aad spor"f.;.outPl.lt·~

Too tIme setH,,, ~nal;sjS p~ov,ded lag ,plots for Ji>h~SbU0-l and

Pr.etorh (APp~ndi~c"·6~~ t~ch lag cori"~spondetl to "a 'tel1~,{l)pei"'lod.
a \~~ ~\

pos 't i \Ie 1ags wer~ of no conssquence in thi s study. I \'11shG!donly



~:(tti~esttiblish Whether mete.or,olo~icai factors led airspora output)

.and not ;y;ce versa.

,.
t? ' o

Annual cHstrib!AtiOIl plots showed no appreCi,able diff~n'el1ces

be~w~en pressure~ i~elative humidity and wi'hd direction at. tM

three differen'!:"t'iroes of day, so that tlieseAactors were consldtH"ed
p . ()" .' . Q

I)

o

GI"ass }1(>Hen '", ~':~,
'\. '...'~

'\'" "e
O

\' '
, '~'\ .: \,

\) Grass ponen\~tched, tempet'3tuY'(; most Cl~~"$flY, sunShine~\~ co~ttr~st

dia nqt ShO~rJi~oni) ~~~~iQtl ~Q poll~n, .~fi~annual <list;\!lUU'cl",.
ctnAites fo!, Aunshin'\at both sites were veti ~poredic and "if any";'~'. ~ ,11", "'\~\,-:J!J _', _ , ' "", ',' ',_ .,' \"{l
thin9~ there was a sH~ftt negat'ive relationship to .1,)011e1'1'.This

was "due, to ,rainy di:lys when .surtshi ne hours were sh(wtened.
"

"rnat(~hedpollen faidy well 'In the \(fifty SUrn~1el' seasen pollen

remained positively rf:lated t9,raditrtiofl, but in general I$ecame

negatively related to rain, ceg beginning ~1arch 1987 in Ptet6ria.
C'

This pattern \'Jals not con*ri!".tent~ howe\f~r. There were occas;lons
\'l 'IJ ...•.... :'~,:. " <;;'-rD

vJl1enpol hm and l'u;n \'Jere positively mat(:hed; ir+~:\~~i~,m'iflg'u;:t!';
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()

o

R~lative humitti,t,Y 'im~r~asedsl,ightl,Y in summer 'so ,that' there was
" l

mDl"gina,l il1utCf)"rhg \'lith, pol len. In .PI"'€!toria relative f'umidity was

mp.r~var"a&l~§ $~,"that the patte~n was more obscure tho" in

Johannesbur~~

o

Pn~t(}ria during the first half :of 1987 pressure peaked :It mid"mon'bh
~ '. . . . c

ant! dropped at eonth-end, The dec~~'se$ in pressure were Y'e1 ilted to
\ \I c

o r.1ey spl!l1s~ , '\

"", L.owwir.dspeeds "'in wintet' Iti~}Chedp~'11en. 'l~dspeed§ were 91'eat'est
.0/1 ,.

in SPY'lr~g but this ¥-)usbe~o t~ ,~~il£start of t~l~~ra$S $'eason" In 0

Pretor-i fA dUi"i~g the fh'st quartet,pf 1988 VJiQdSf~~dS wet'(, stl~ong~

mah~hi fl9 ,pho$~: (If the tnld·d~"1ens l'ly wi'nd.Yr:"n~r{t~i August and
'I !j~ . '. reS ,/'/

Sept~mber. ':This prOdUC!l\l"h"rffh~COrrF:;7p;JiidenCG ~ith 'prafl(mat tt)l;;J

tJI11e tlut al'S it was en m1~t!.1ual t'9~!:if\"'ence~the t{11ilti~V1Ship \'J~$
l-.' /i

P.y:Obi;lb'lJl co, n(~'idSl1ta 1,<.

-;1
~' ,',' C)

o D

"low wi nti!~"'.spore count s rGfl eei~1(rdGcttH1S0d temperntUl"G llmi sol ill"
I;:' WI

radi tlticm.' The spore curves cl,;idnot follow spring and e:,w'''t,v
o

SUmmf:H" t'lf-wnri ng. Johannesbutg sln.)\'!ed an upvJ&rd tren'ij in srmre

.pt"oc!t'ct·ion cOincid'ing wii:h Mlanl1 Jute $UmmfJl' tE!mp(;)r'uturl~5. In

Pi"etoda spore ntlmbcl"s \\fOt'O 11'1~lh£:wt'''liar~ in the SHl.1S0fl" COl"i'€!S{)()I'1ding
'\')

o
The Pi.lttor:n WyS not consIstent
,,) 0

"D
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with high p.spec'i ally in Ur!;;~ summer-. U01:/{;?Vfili" ~ thB
co

19{'11 fmd j':!) lTI;;rf;·dl 'i n til~"SP(H"(I•'unusual

)
/

() 0

II; gh spore co~'ts t':el'+I;:,-,:;'{:comparl'l C'cl !:w 1ow w·;nct..:~",
In p!,.~'t~l\'·i~/6\M}\tt1liUWt'V" of HHlf~ ~rlhf'i'i:;ned tl:;I(~l/I ['j\~\_.

(1/1 . . t...,.) . . ".. ;,j_()

UllsrHl!.!Onal1,y Mgt-'. late sumlill?!'" v:inds Irent'lonmJ above

k deCt't:t\~m~lit spore eeent , l!OW(lV(I¥\ tl

,. .d

dccroases in mIn' did YHlt GCCtn" in c(mcm't \'lith h'iffh 1;rilld.s~

\~"\,'(
-: \
\

have been Irrelovant.
(I '" D

(.

Cor'Nl1ation (:oLrc'f'ic'l{mts Ijhowed t.he fl)llO~~'9
o 0 (I ~

')
c

I)
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L Grass pollen was positively .¢Qrrelat'eo with both m~x~mumoond

~inimLlm tempertrture~i. 111ecorr~'lation, was greatet in Pr.etori a

than JoIMI'H1esbur9~. /5p€pres ,showed ~~psiste~tfaiJ~ positi.ve .:JL

3.

S. {:Ol"grass pollen rel;rt,ive hUlMd'lty showed. greatel~ pos,,'lt'ive

c(.lf'~·el ati or-eft 14bOO.and ZOhOO than at .tulbo· a 1thougp· the

~ corre l~ilfidi} '~~~tJCiefit lllas nevm'"lJe~y h';gil'" " The ~(lttern ·for
, h . ('j

'spdr(~$ l~'as"simi Hir.
i'

o ;

signH'icantly c{\rl"'elatl~d with windspeelf in Pretoria. In
() co

<I \lohannesburg ther'e was roaso08o 1e ncga1.:·}Vt1 C()ttr.:1at'l on tit

u11 times.

. (\

I]

l\
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The analysis is deta~led in Appendix ~3~ ~'1hei"emodel fitting re$ults~

residual plots and Normal proaabi Hiy plots are given. The Normal

probab11ity plots 'Of the regresston n;stdual s generally fell on. a ~

stnri ght "li ne, 0 A <levi ;ie'i on from thi s trend was seen in the plot
~, . L· ~ .. . '. . ;:;,.. . CJ. .

\:~ r
of 9r.~$s pollen iTI ~lohanneSburg:. whete bJo' outliers ocqt1rred.

,') c \1 '
. I'

\\

Tab la' 8 gi ve5 the pr')~di'ction equati OI1S' and adjusted R2 .values for

grass pollen atl(i' fungal spo~Jies~resulting frOql the ,.multiple

re'f]Y(;;:sslon arlalyst~. The seasonal indicator entere.rl all ,models~
.'

In JOhafm~sburg t!'egativa values ,J()l" pressure and windspeed at
~y , . ... - . "

~ ~·'I () c»

20~dti were most s·igl1ifican't in ffW\\'!Ciisti n9 hi gb [J.ungal spore

counts. In Pr~tQl"ia spores .were pos'itively affected by rain.

'I n
,~\

Grass pollen in JoharmesburSI was affected' mainly by ra'il1 imd

'Sl.mhollrs.

Gt~ass po1"len "in Pf'<.:tori.a ,was negAtive1y influer;:ed by wi1'ldspeed

ut 141100, (metpositively influenced by minimum. tempel"atw"c.;"

An analysis of incti.vidlHll coh"elations wi 11 not necessar! 1y

ind:itate the vari1bles that. \,'I1H'be in('Jlucted in a regression

eql,.lIjt1on~ This is caused by ,~nter..c()t'telaUor{i bet.w~enthl~
.~)

coeff"icient of 0.93 f~)I" Pretoria 1$ ma){imun1and minimum temperatures.
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o

Pr~dj!Ctit)n equatiuns d~Hved. 'r!roii!'stepwise multjpJ~
regres~ion ,analys·is,.,

'J

S.~. of prediction error a- 2.26
2 . ' Q aR r. O.~66 "
rnv~rage IGrass pollen'" 5.8)

o

. S.D.,. of pl'odictton. ertQY' ::: 10.5,9
R2 ~ 0.781 0 "

(Ave~~ge,ISpores ::;:87.6)

o

(1

Ii

Pr~t~.ri~·grass pol him:
/GrasS ~pOrt11ij :; 2,,40 '/0 ..94 \'JSat14 (L41. MinT'

,'1 \," , - , ,_: ',.'- ~

$.0. of pr'edi~tion erY".oY' ;; '2.l0
R2 lI:. 0.513 . ,

{Avel"age {Grass poll hm ;,. ti ,.c9)
_' - . - (1"

Pr~toria fungal 0 ;sf)m~~.s~ ,. ''I
J5f;tlrel -:.,:is.21f' 0.46 "RflL' + (~S.95sF

o ~

S~O. 'of pred·j.ction error. ~ ,26.89'" ,"."R"'''~0.5S8
, (Average r/SpOr~t?S ::! lOS.,3):,

o

~JheY'~1\i'J ~ rain)
'~ S - sllf1shinet

Fat20 :.0 pl'\"\s~llr~'at 20110Q. '
t4Sat14 .. w;iru:!sfl~ed ~ ]4hOO~
HSat20 ;; ~'J1ndsp@ed at 20hOO.;'
~Hnr ::: ,lllinimum t'emperature~
sr ~. :seaS<fnal "ind'icatoY',
5, ..t)". ,. standurq, cl,eviation.

r.i'

S" 0•."..~ ~'",:"t' _+~(,.'·_'"U_''''."'''_''''' ·~"··~n"""'""""",'''''_~'"'''__ '''''_·_'.''''·__ >o .• ~_ ."" "'."" _",' ,'~ '~'''<' T' "', ~~".. ~, ....... " >'_ .•.•"' ..... __ ,, .~~, .•~_.~._«_.._..........~.."_..;..;.~.,......,,_..~._.~..~..~_.~_.;_.~_...

,o,'

o

o (1
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Individually these factors·'also correlated well with grass in

Pret.P!";a. The cortel at ion coeffi ci ents were 0.64 and 0.63

(App~ndix 2). Consequently the regression analysis selected only
li

one of these two variables~ ie minimum tt;l1)perature.

,
b. lima serfes iU'lfA lysis (Append,j)(6)

Iloth grass potlen and fungal spores showed sfgnificant corretat+eus
"

to ra:i tl and poth maximum and minimum temperatures. The patte.rn of
D' _.;

1a,~'.peri od corre 1at ion .for ma,d mum'and .l1li,yt imum temperatures VIZ'S
lirJ

"identical ~ with similarly matched correlation coeff'lccients.

Ther<:fore~· only one oJ these two, maXiml,Ul1 temperatyre, was

cd'nstdei"ed in this rH1alysis. "
ij

'i;

In 'both Johannesbvrg. and pret9riCl.temperature ~howed no 'lag perio,d
1 n

ccrrelati011 ",. The best cQrrel~tions (0.50 "and O~54 respectively)
. I

\"emtf'iMd at lag 0, which was the time of samp1i~,g* The range of

l1egat1ve conelations at lag periods ~9 to ..23 $'imply 'refh':~~tM
C> co

seasonal temperaturE; patterns~ these 1ags COinciding with thli)
" l'

der months (each 1a9 correspontljng to a ten,,·day tim\ peri'od).
'J r:

o
tags t::ar 1"\411° also showed the seasonal 1rlrluence of dry., cold

\", c

months There" wi,n'~~additionaL pOS"itive rel atlonship~'at lags of
.. 0

t~I.O to three months. In 'Johal1nesburg at lag period ..7 and..,in
.'\ 'c ".. •. "... .. '

Pn~to[ia at lag ..8 the pighest corre'iations \'1ere ,found (O.:1,7and

p.4Q"respectively), so that grass, pollen ~1;>enytipe was coY'related

?i

o

'c\)

o 0
, ·-"',1'" .. '.'.-."~,, , .. ""-~ ......,. ... ",,,.~,{j<.- ""--"~,-~.,,.~,"''''~-'''''''~'''''~''''''.'''-'_''_''~''_''_'' __ •

0,'0
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IIf)

with Y'ainfall ttIJO to three months pteviously.

F'ungal spores

t'1aximuIll temperature again produced a seasonal 'lag pat~1\ 'i;~ but. the
Ij \

,;six lags previously;, ie exactly two mont.~\searU,er. Correlat)on
~ 0

coeffi,cients· were G. 50 f~ P.retoY'i a gyfd. 0;;'$.2 In Johannesburg.!' . I"'· .....,' , v

• c •• 'i \\ '" ,. '.

The lag pattern for rain was m'o}~~om~!;icated~\withf~ir cOY'telation
o

at 1ags ~5 and -11. Coy;ire1atj on '\'?ttffici ant.s Vlerel:Of5l0 and 0.38
~ ,\ "

in Johannesburg ano·O".31 ·~an~>O.•39 'ltlPreto~ia,. 'p

o

4.3.4 ~um!lldr.yof result~J

a. Current a~al'yses".
o

Annual distribution plots ;)

o

o

,fo~ grass ponen the most signifiocant factOrs were maximum and
/) ,

minimum temp(H·~tures. The rela~ionShip$\\'Jere always~positive. d,
(i

For spores the primary f~ctor was windspeed1 with high spore
6()unt'~ corresponding tb}iOW Wl~dspeedS. 9

o

COrt'£: 1at;on ana lysi s p

M!'ndml1rd and m;nimum temperatures once agilin emerged as the only
..»

o

significant fact<)l"s corresponding wttih $jl'flSS pollen, again with Oil
-c
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positive relat1
c
ol1ship. Tner,e was no factor that correlated

sl.\1nificai'ltlywith fungal sp"res.

a.1

stepw'jsa !TIultiple regression analysts

Grass pal len in Johannesburg was influenced positively by rain and

sunshtna, while grass pollen"tn Pretoria was related posit~(vely to "
" " [) ! ,

temperature and negatively to vtindspeed at 14hOO. Spores ,lin
\\

()

Johannesburg were l"el ated negati vel,Y to pressure and wfndspeed at

I)

20hOO, whereas in Pretori a th(n~e was a pos itive re 1at'i.onshi p to
raitt.

o

(/

For both grass poll en:"and fungal spores temper~ature was the most

'!~i9nipicant factor~ but the li;\9 periods differed. Current

temp,erature was most highly cor,rela~ed"~ith current 'gl~ass pollen,
\\ .;;~!

wh;}!e t~mperature t'~JO months. previous:CY, was most highly correlated
':_. 0

with currant"fungal spores. Ra~n tt'/O \tc three mcmtchs previously
\J \;,

shOwed some re)ationshtp to both gY'l,sS pollen and spores, but the
'I c:-

corra 1at lons we~ not hi 9h9

The reslIl'ts of the current .analyses do not show total consisti:lncy,

but certain trends'recur. 0 An thre~ analyses indicated that

ternpera'tut'e was an important factoY' in grass pollen incfdence.,; The

only exception vvas the regressl0n an;dysi s for Johannesburg, \-Jhere
()



i_\

t{;imperat~re f~i1ed to. enter. the fi M 1 mode 1•
\?:)

for fuogal spores there was less consistency among .the analyses .•
\\ . n

Only negative, correspondence t:o wi ndspeed showed any agreement h

All Ci,lTrent' anal\yses showed a noticeable variat10n betwe, m

Johannesburg and pretorj'lri.g'cthe relationship of meteoroldgical

factors to tq~, airspora.

C:;I

\\ 0

C~nverS'ely, the time seri~s analys'ls pr,oduced, c'Clmparable results,
II

J\li" tlfe two cities. The\'le ,~el~eno signif,Jcant 10.9 period correlations
c

\\

b~t\'Jeefi grass pollen "o.no temperattll'e. Once'again the best relat{:on··
,.... .. .. . '. l'1;,Ii

"
~iHp: was found between current Pl"Jl1en and ~emp,epature. Raicn two

. m~n~~s previously was also pos.~tively .corr~~~:t'~~-\i~trt grass ponen~o
-; _'.' ~p '0 ". 'L.,' "

';\:~ .r-, .v;

n but not as strof11]ly as curt~nt temperature. ,t;

o
\,

Fungal spores were positively related to goth tempel"ature and rain
D a

t1llO
e
1J10t~hS previously. A second positi ye COrr{3;QtiQ~ occurred

between spores and rain rou\,,: month's prev;ouslj'{

rh¢ relationship of gnJss pollen to t~mperatr.ure was not demonstr.ated

in ~;m'i1ar ,'stl~dies from the northern, hemt spnere , Windspeed was a
;;~;. "
\ '.,

factQ~ that f~ppeared significant in several studtss , LJungkvist>

et: at (1977) point.eq t)J'~t,hat \'Jin,~$peed could have opposing

eff~~~,~when measurfn~ total atmospheri c po 11en. For e}(amph~i
: -, (

strong wi nds \'IOU1d reduce ",poll sn counts by sweepi09 the air,
\I

c
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>_ .. _"'

s9mu1taneously whirling up grain~, tt'C"' have previously b.een

depos ited on the ,:!li"ound. McDol'l~1d (1980) rep,orted increased po11en

concentrations.following increased windspeed, but this correlation

seemed to he Id onl yin a year of I'dgh po 11en concentrat ion.

Bringfelt et: at, (l982) found'that grass pollen inC)Nt!8sed with",
i) "

windspeed at midday in Stockholm, but pointed out that mechanical'
"

"effects mal' haye been responsible. Wiodspeed 1S probably a

metaof'ologicah'factor thlt is regionally specific. One woulg

expect the \\J'lndspeeds of Stockholm's maritime airmass to beh,ave
"

"dtffer'ent1y tq thase of the conti nensa 1 aiY'mass of the Pt~lJ.
o

R~irifa11 has al sn peen ment":ioned as a c.ontroll'ing facto~ in
c'

northern hemis,phere"atmo.$phet'ic ,pollen. in Galway "Ireland,

McDo~ald(980) reported thl:lt high,rainfall deptess.ed po11en

di,$persal. HoweverJ>1n Ii'eland several days' continuous rain 95

common gnd qui te di fft;'l"f!ht to condit; ens ill the fransvaa 1.~· I n the.
\'}inter·rainfall Cape TOWilr~gion, .•Hawke and Meado~1s {1986f} <detected

~. .. 0
no si9nific~)i~~ relationship' between rain and ~irspora, bfJt foun~

, ~::-Il~'l_ - -.' .~ - - _'.- I!

that troughS" in ail~spora concentrat;!'ons occurred .after IIJ-.:!tspel Is,

elearly the '1"elationsh;lp ~ls compl'~x~ f)Jld varies accord'1ng t6 cl'imate. j)

The 'type pf"rtt1nfall 'in th~ PWVprobably COtnp1i!=!ates the relation~

sht p as \'Je11. Th(~,.p~'JVexperiences a vari ety '~fr.ai n producing
"s~mmer synoptic situations (Tyst:1r1 1986) In ,te,rills of 'pollen

...1i'beratiOfrl' and disper$al, tha~~ systems can be qlvid~d illto two
,< 1.\ II

o ';' ((

1he first is typified by shO;t..nved rainy sp~ns often,occurHnG
dai1y~ especially in 'the aftel"noons. !JrM relstionship to rTol1~n, '

(\
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wi'Fl be positive as showers occur after peak .,p()ll~n emi's\)ion of
n u

early mori'ring"'ant'hesis. in the 'second scenario which is less
c-

freqUi~nt, rainfall is more widespread and l/!).sts for several day~

sO,that flnthesi,,S is retarded. The :relatiol1ship to atmospheric
(i

pollen at such times *,111 be negative.

I),

IIThe sunshine pattern,JollC''fIs a similar one tc that of rainfall.
The soutl'1 Atlantic high pressure cell which is habitually situated

over .;t;he sub~carrtil1ent is 17e,sponsible for extended sunny periods
\

1ll1ro::lh6ut the year.: The general pattern", of sunny d(lYs in the ,PWV~\f'~ ... .."

regardless of $ea$on~ would exc'lude meanln9~ul comparison with

(.J

,
~e9$,OI,al atmo$pheric"pollen.

11:;0':'

o
The greater lil1certa'inty in the analyses of fungal $.p"')re')\41as been

confirmed by studies in other parts of the world, where spore
difference; between sites elose toOeach other have been reported by
• r

several worl<ers. Rubu1is (1983·) attri.but~d such variability in
o

c: Sweden to 'localis'ed condit'ions, In two s)J~tions in south~western
CI . . ~J.. n n

f~ermany 'dai ly averages of C1.ad()~rpot'~umvari ed be~we~n'4 500 and); - . .

.' 14 000· spores m-3 air (Grosse-Brauckmann & Stix 1968). Frirking

('1977). highlighted the influence of rain and radiation on spores,

\ ,:;.& also thencomplex relationship between spores and 1"elat1v.e
c·,

humidHy. However his studies spanned a much smaller time scale
so that the result~, are not comparitl'le to this ·Study .

..These Lincor1sistencies indicate that fut),gal spores .were v.ery

sensitive to. meteo.rological conditions, and that very. high resolution

analysis is r&quire5.f, possible on a-t'ime scafe of hours. This was

i)



confirmed in that observations of the Burkard strips 'in this s~ilay
\1

showed counts to vary considerably, both from day to day and 1/

frequently hour,ly ~ 0 The response of the airspora to the miet'o"

envtrorment was 8.xtremely sensitive. Increasas rin spOre production,

were spcl~adic and explosive, in c(lntr~st to most meteorqlogical

CQ~JditiP!As which tended(~'=to increase linearly. Once atnospher+c

spores were detected, the increase was rapid. These sharp increases
e

were most noticeable q;t the start of the spore season, A simIlar
(J

situation was found wltti grass poll en ~ although "the pattern \'1a~jnot,o

as <;;1ear • "
o

This sudden escalation and decline in pollen and spore productioh

lead to the decision to 'transfm~,m data to the square root form in

the multiple regression analysi's! as exp]ained previously. Th2

fa.ct that,jthe Normal probability plots of the regressipn residuals

ganer-aily fell on a. 'straight .1ne (Appendix 3) confirms the,

approximate Normality ofJhe Y'esidual's !:IOd also supports the

appropr; ateneas of the sqtH:l,re root transformation. An appreci ab 1e
....., .'

deviation ·from a straight line in the Normal plot usually indicates

some outlying value or vaJues., There. was such a slight tendency in

the grass pollen plot fOl" Johannesburg \'JhE!retw0 outliers could be
{j\h.

identifi.ed. These outli er s represented tmusually high pol l e,.

val ues , and were most likely attributable to deve lopmenta 1 or

ph_Y,siological factors mentioned above, The net reSUlt in terms

of forecasts is that the model for .Johannesburg grass po 11en wi 11

tend to under-esntmate atmospheric content if such uncommonly high \

counts occur tn the futuN.
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u'
The sep.~clnal indicator' was included in the TIIult"iple regression

analysis also as a, result of. the sudden stan and close of both
{

po11en and spore seasons. The ; nc1usi on of thp. indicater ina 11

models except that of .grass pollen in Pretoria was to' be expected

as 91"ass pollen was less seasonal in Pretot~i a than Johannesburg,

a; was conii rmed by the pollen cal endars Wigures 3 & 4). Highar

t~n;fl$ratures, extended f\6wering P\~riods and fewer frost days in
,I" ' . l'

Prator; a were fa:~to.rs contrihuti ng to weak!:n"seasonality there. (b

The seaspnal indicator was .of, most importance forfl,.m~l spores in
Q ;1)'

both \lohannesburg (md pretoria.~ in~~cating the strong seasonality

of l'h'ese organisms wh~n a cut..,nff paint of 5000 spores 01-3 is used,
o

A CQ~~:t'Of·, 5000 spo~es m~3 was nigher tli,~n .,the 3000 quoted by"

Sagoi et; at .097]) as the threshold valu~ for .clinical significance. , • . l~' "

of 'Cz.atib,"i]?(j;(liwn. Totar fungal spore count W3S used "in the ~WV~. . ... ,

wh~re ct'Ctdo:,rpoj:''l:;im compr; sed 59.8%. (Figure 7). Thus 5000 seemee
"reas.onable when considering an undiffE;-.f'entiated spo~(r sample •

.;-:,-',\

"\)

As far as pollen is concerned, Driessen et: at (1989) pO'lntecrQut

that.. there was "no consensus as to the st.art of the season, wi th a

variety of methods used to delimit the season, Most of thef~ \tE!r·e
,\ j'

retrospEH::ti va, based on the !anti l'''@ season 1 s output, WhenprQduei ng
'I Ii ')

a pollen forecast, "datq_ fo~ the season ahead are not avaitab'leo In
"l\j." \\'.::

addi ti 011 Str.andhede .and t4i hl n9R1J reported'that physic; (Ins from

the NordQlC countries aclppted a symptorri"'relat:ed scale ,for pollen

bulletins. This scale gave values of 10 grass pol len grains m-3

as the cut ..off between low and modm'ate discomfort for allergy
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sufferers. Therefore, 10 was adopted in tn', s study fa,!:',,del; mit in9
I,'·

the start and end of the grass pIJl1en season.

Whenoforecasting high Y'Jsk days, the R2 values give the percentages
jf
']i,., ',', •

of the ai rspora \lIllich, lJll~re expl il;ned by the ~w'edictors sal ected,
,. I:

,. ,,', ",',', "ilA regress; on ana' ysi s alf til; s nature makes the clssumpti on that the
iI

dependent var-iable, pollJ('lrl or spores, is dependent on the lnd~pel1dent. , , ' '~'l!
vartable~ m~teordlogida)' factors. This is not necessarf ly th~ case

'.' , ", ' 'i
It

as cautioned by Makinenjl (l977). Physiology and phenology of the
\\ '.' . .... . Ii . " .

(.' plant ~lay a major .rOliJlt in the occurrence of the a_irspora.
~ .

IInSearip9 1n mind 'thts calVeat, tIle values were more entburagin9 for
. c . cu

II

forecasting spores t,hanlrP'bllelJ< ..••This ind:cate$i 1lhat spores were

~re closel Y tieo .~o a9~tlSpher,4c nand it;ens t~a~ pOll en, whe~e
other factor'S app~ared !~Ominant. It ,is arso possiMe that a, t;wo~
year data base was not :~uffic;ent/for adequate dentlfication 'Of, Ii
meteorolo~icaT factors.11II

il
There was. a not; ceab 1e hri ati on lJetween the mode1s for both' grass

I

po11en and spores for JI~hanneSbUY'9and Prato}"; a. The correlation
, . .. II ,.

analysis of meteo~olog;l~~al f(tctors at .these cwo cHies (Apt)endix 4)
c il

showed that apart from 1~he three dat ly pressure readi ngs; all

factor-s were S;gni.fican~\ly highly correl ated.!! Stnce pressure only
Ii

entersd into one of thei,\models (at 20hOOfor fangal spores in
1in .. Ii

·Johannesburg)', var';,abi 1i'jty between the two st tes was nc;;t due to
i!

differ~ns:es in meteorol~'igyv The major cause wa~i obabl"y;. the
:~~J"

different climatic regi~~s of the cities" Although they ere located
I
H

'I ':;;

; _c;:':'-!'

H -:~j~~

',.J
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only seventy Id lQnI,~tres"apart, it appears that :the grass taxa

occurring.in the two vegetation zones, Bankenveld and Tropical

Bush and Savanna Type, VJere respond; n9 di fferently ter very si mil ar

meteorological conditions. Variqti<lns in the pollen calendars
(Figures 3' & 4J reintf'cQf;ces this opinion.

"

4.111:12 Time seY'i~$lanaiysis
«:»

T!Jer~ults for grass !;ii!~'l(l:en,wh~~ecurrent temlu~rature ~ofi.lS the onlY
:' _ ',: ,- " ',:- ,,', ,/";//; ,\ " ," p

~~~nificant factor rel~~'e4 to current poTlen s . ~i4 not cu'n.for,rn,with
~"" • <)', - > 'i

,h.orthern hemispher.e s1}ui~!~s. Tn such studies generally positive
:, . ' . . " ., ' '., Ii,. '. "If
"~tU\'tionSh~PS w(;jy'e fOVr,d Yletvil?en spring tei11perai:ures and summar

i' :" .\ ,.", "';"" _" ,.' " " ,('\:, ,,' , " "', , _'.
pol~,~YlJ(Davies. '& Sm'ith 197'~~;Bri-ingr.elt et: at 1982. I<oivikko ei alH9Mt~Irwe.~lt~~~ ~ere s~~w.and '"prl pg temperatures below
n°.e ifl'W;~~e9i11ar:~oc~ur~~~~~~~9annd~ be expected t~ ha\(~ a"parian'i:~Y
in ,;t1~~£hAJi~)<;a. C;;()1dber~get aZ, (,988), working ,c:in Denmark al'so
'" "Ii ,', ',,' "\,

:d . 0

f~~mI a, .<;~resp()ndem>e .between 1ate spri n91 eat"ly summer tempe.rature
if ", It>,; , , " , C

/~l1d,grass ..poll en; They att"r; buted an anomoIcus year to unusual
t, n

o

1/

If

The relatiol'lship'that was seen between rain ,and ,grass pol1.~n was"

not .~~ri,~ing~ but nevertheless a pattern ~as obvious Transl ated

intp flo\>iet'ii1g seasons, this'''rE>lationship'meant that good"spring

rains produced high pollen counts in the early summer and ·tha,t 91)0d ""

(I

summer rainfB~'Bduced high pollen counts"in early autumn.
':.,_:,,'/J

~----- .: .

In rNew Jersey Refss and Kostic (1976) reported a cOt'relati(l)n

between spring rai n aild summer poU en simil ar to ttl'at of the
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~'\
(; ,.I

the comparison i,s not enth~ely valid.

II
II

The time series analysi$ for fungai' sptlres showe,d that high spore

counts in any ten ..day per"jod corresponded bp.st with high temper:J.'ltures

two months earl i(?r, and cortveY'seiy low temperatw'es were fd,J lowod

by low spore counts twa months later'li The l'ai.:ter sc,enario i$, easier

to e)tpl~in, in that 1m"!.ternpet"atuY'es resu'lt in the de.ath and
•. , " 0

Q

9i~adual unavailabiHt,Y of parasitic hosts, so that a two",mont.h
~, ;~

ii

dt':ilay is f,easible. The relat'iort$hip bet:wee~J high rC€1oiYlgs is not

s1ear. The~'e was probably a ,Q,omple;{int~v\~ct'ion betNeen high
!J

ternpet'a~ureSn spores and some othe~ pay'a~leter~ f'Jossibly ro.il1.

Indeed, the' 1MJ period 'in }~a:in occurring fifty days prior to hi"l)h
{l .)

c'

spore counts may have ,had some 51gnifi~ance wh(?'11considered 'in
'. " (':'. :.., '~'. ;'

tandem with the two"'month tomperature lag. "If high temperatures

and. good Y'id ns occurred t()~;1th~r, h,'jgil spore counts ~lere m\~ilsured
v Z;

(I ~pprox'imately two months 1atel. Such conditions \'IIou1d havec!"-

st1ll1uh~tetl host development~ $,0 ~.t'lf.tt the scenario seems Ul<ely"
"

The 'q,fty"day rainfall 1ag vms tt:-'Prefore probably" a~sodated with
" (I

the first flush of piant' ~F~(,)!rJthafter wint~r. The (leU'lith" l"ain 1ag,

occuY"t"'ing"aj:Jprmdl1wt;~ly four mont,hs prior to hi9h SpON~ COUi'lts,

indicated the rel_tltiqnsJrip of sprinq ,rain to pe&k sumrnmer' "p" anto I ...~. :~

abundance. Bot:}l situ~tions v~ourlWhave favoured .fungal growth.
C Q

This pnttel"o occm'ring at both site$. suppot'l;$_ .:this expJ~nation.
,J f...._~\

o

1. rile above analyses im:lieate that cur'r~ent'~.Ji;entperuture was the



I)

Ii
-"

C i:he most. impm'tant" meteoro 1091cs f factor, control 1 iQ,Q, ,currelit
() ;"i l:!(

atOlospher1c grass pollen, ~/ith a posHiv~ relationship.

2. (l , r- 0

Sprdng tain had an impact ·00 summ~%"gt~'a$s pollen, but the

relationship )tHAS not as man,l<ed as that of temj:lerature. This
c

l"\1!lationship was also' posit'iva.

" ({ "
Fungal spores were negt1~1vely relahq, to curr:~mt wind~peeds,

~.;:~. . -,' 0

and positiv~ly eo both temperatur,e ann rain which'~o¢{,HrrEtd

tl'JO monttnr'previous'ly. HliJwever '1 thert1;(,~v:J$ pobrer agreeme~t
\J -,~~~;;_,> t,

bet~\leen analyses of of1Jflgal spores than pnHe.tl. $.potes ;)ppeared
n - D -- "_ '.' - ~

"'\ " vet'Y, sens'it'i\re tt),A1l&teorological conditions in the immediate
o m 'c, ';~'?;0

c;

If. The C1.Irrent ana lyses showed .cunsi clef'an1e vari at ion bet~\leelt'. . .. ~
c

'~\"aS$pglh:n in Johannesburg an~ \p~etqria. HoweVl1l"t such"!:',
(r , ,

variath11:l was riot apparent tn the tfme series ilnalysis:
Since dail,1/ me~eot'ulogi.cal t'actor~s betvJeen the two cities

o

o

ili1SewhCt'eQ ; s. sU9ges~ed that the native ~rasses of the

t\I/O different vegetM.lon r~9ions ~~s~oryded differently to ~}le

"different, lOflg-tG~·m"~limaticconditions 0'6 the "two <::iUes. 0 (;

The fact that the Ultle~$€}t"ies anStlysis d'id noto ,,Show:the SiJrne
,'~

variabi 1hy as the ICtlrt~ent,1analyses sup.pet-,tj) thi s"suSgestiofl,
~ , , ',C)'" ~"

as conditions that occurred e~r1ie\~ ClJnC$1i\labr~ bl!;,!f\$ied \vith th~
\1 ." . ;;.' (),I)

_ (1
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I') Pol1l(;!ff ~$ an D1nd'iCt1t(1!(' nf U~get~tlon" a&1tJ1l~nd';'use
a '

5.1

NlJlIlIal:~OUsstudim. in this' c(Juntry heve offered palaeocilimattc iliter;"""
,? .. ..' .... '~: . r, () r~4

oC'Pre~:ati(}ns based or~,foss'it PQnetr,.assernbla9~s (i:petzee j~87~ Scott
G .' I~ 'b

o

o fi

HO~J~ver, it is not tlear whether pollen di agr~p1s," in fact f'~nect ·tile
.' p '. "\~

have ber:o iA$ed~ i"l:tla~:';n9.son,-deriv~d pollen s~ectt'a 't,Q 'V~getati(),11

(summadsed, in f!'h'ks Gordcn"19B5). Hl'r$ 'chaf}ter compares hoth"
c; .', - . ,,' (.)

~ut~\ace and stlbsurTace ponen to atmospii~\'1~ P9'l1}!ll1 i.h the PW~~'unci
exnm~~esthe.r~latid.lsh1p tif e:Ach t9 veget~~:t(.)lJ end Cli'.llte. "poilen

)' . . .. s;.;< -, . (i-

o

l'

C)

" I-~ '. b n

Chapter 1.8.1 doted Is 'rwepql"ation p~ocedures for',!I pOllan 'u~ed in thiS'
,) II >:)

'. ' " " (\ "anuly.~is. Atmospheric ponen data (l.U from the" ~ni;yit.Y samphu"sll and(I

f(-,

surface OU #and ;;ubsurface ,tc t:: f:ov'el po:l Hm Sill1lP 1es del~i\l'~d frQm
\) Ij

l

soil samples at .~i'lchsite,\~et'e used. V!(;jgei.I~~JQndtita",{.v~ ,,~~rederived" "
(' 0

from the y~getat'[on ~ufldt'at!i e.t each ~itq fChap~er ''l.8.2). cOnly the
" ' ' ' ~
nut ive compon~nts of flO 11en and vegetation wet'e (lOllS idm~ed~ as tfri s

\) .J,'

,-,



u

..1t~

fJ

A pollen diagram was constr,ucted to compare A~ S~ t and V sampl~s<for ef.lch

S'I/te. The 'pollen diagram ~(Fi9ure 9) reflects the 'fotaLPo1hm Compo$it~cm,
~~' c

> 0 " q

whiCh was cornposed .of the Pd'llen Sum~ and pollen derived froll! plants (If"

damp" habititts. Plants 9f damp habitat's welqe e)(cluded from;) the Pollen Slim
c

n ~
for cons'lst~flCY~ as tbey occur'red infrequently only as locaHsed elements

r:-.

in sQi]~amples of ,the ir.arshy sites (4, 1$ 10 ~l1d H).

o

ancl'J;!oo"arboreill polJen (NAP), and Unidentified {tabl~. 91.0 tpr A sampleSc'll
t_?" 0 <'1"

th~ Pollen $tM coo&tituted "ttl'e combined poH~n count 'for 1987 8n,d 1988;
;) ,~," ", - () ~q", ,- c .. ',_" " , ' • ' ,'" i\

t'Jit~f'eaoch tmmn ~xpressed ss it °percentage of that total. SimH ai'1'~Ypollen

'O'tn S. and C ~ample~ at each she ~Je\t~e(.\lso e){pressed as (1percentage of
o , " ' "\

tcrtal ~ollet1 count~ the P9t'len Sum. Fm~ V samples, taxa were presented,

;ndividual1y as percenta~es or the total vegata~,ion at leach Site, as

IJ 0
D Clh~~,t~t~goryoU~idC1n)tUied reTa~red to po1hm i~ \ Sand C SM11}1~~~while

in:V sa!l1ples~Uruidelltifipcl it1~yjdad all' vegetatfo~ present in percentages
'"'D

"l~ss thart Ow001%·,oTtota,l v,~g~t{j.ti'tm.
'ji" !

o
/)

o . .. .'

" The 1Jt~r.ature does not distinguish lllJ.!tween South Afl";'can anemophilous
o

and\,>~mtoll1ophilous t4i'Ul. "However~ Rolli nson .(person~'l communicat ion 1989)
o o

StJ99~st;ed that of the toxtr~isted in rable 9~ only (ieU;ds and Rhuo ~e
c:

o ,,\

extensively wind..pol Hnated.

" r>S\. '. ". ,. o ,
Sites 2 and at 'the llrpan locillities:. were excluded from this analysis as

there were no suitable undisturl)~d nreas fm' s~i 1 samp1ing in the vi ci'nity.
(I

Simp le .,cO\"re$pom:l~nce anal,)!!:; is (eM usi ng 'the pf'og¥'am SINCA

(Greenact'e, 1986) t'las performed on the p,~centuge d(}ta of the

\)



a

Pollen Sum. 0f4'is tiSU~ny applied to raw data but ih t~,i$ case -.

percentages were used .as the data were not equ'iIJ a1ent, ,Thi s wa5'

because tqtn.l pollen varied al1long samples. i;lthough the count ~'1as
o

alwaJts as, close to .250 .grains as possible. All dat~ w~¥"emultiplied

by 1000 so that small'percen~age$ "C(;)I..lld be shown,

v.
gA· deph:tfll' relations ,within a two, ~JaY data m:';lti7i~t~J.n~Q\l1difl9both

nume~~kal and graphical Ct;lmpar~sonS of the rela'~ionships between

the matrices. These t'elatJQ~lShip's are tpulti dimenstona 1.. Hot-lever ~
o

techrrlque data0rp.dtH::t"iol1? so that rthe nmximum
<' .: - 'd.. .. 'to ...

infopi1at"ion flossif:rlcFi'S ,givery~"n a t:ew di.i1'\ei'lsionS'~ The" graphical,.

di$pl'a,y'/ shows 'tho.]"elat'iQns~i'PSj"b~f\~n· tl~ two most 'important ;ii>¢es. Q

I.}

c

h't the interflt'etatii)~ or the graph$ tpe fo 11o\'~'ing I"ulas apply~
Q

o.su6j~ct to confir-matiQ!) by refel~ence to tlj~ numerical output'.
'" I"c:::~\

\",c
o

o

2. The closer a "point l'ies to ,81l mris,

With tt~at axl$ •

.,Points tha't'; lie on !/simHar rad'i'i ftqm the origin are posit·{vel.,y

cQrre9ated; 0 poi githa/lie a!:':'goo to ~ne a~other .ilre

u"c.,orr"l.a~~~~ypOi1~s.t.l.~ll...a....r at lao" to. one ijnllther are '
\legative1)\ eorrell/tedl,t .

I." order to test t~.e...,..fl, •..$i11,A1t{ 0; inferring pa..st y~g.t3tjon from
• ft\:lSi 1 pollen spe!.,}"" ~t. for a possible n~ll model .Iere

. ,t

3.

"



constl"uct~d. I f ithere, had been a good match bett'ieen fit,," S~ C imd IJ
qU. . . " . <'D

s€lmple.s, datd \'JOuld"have s.hown the, same relative attunaance withi{l
1)." .. '-.. .~

I) (l 5~

di$play 'Of ~he original or active points.,r 'RiiWS ,,(~axal and coluglns

Icirt:cgories+ w~re pro.jucted separately t\s sUj9<plemeflt~Y'.Y'ipo·&~ts
o () I)" " .)

(I l\;:-;

" ,\1 , •

To,'.eKanrine ·the'Y'elatjo!1shi,'p bet\'Jeen ponel': and climatic 'factOY;S~
,0 :V\. ~j .." ':.' .' .. ,'.. '/) ,' .. ' .. ," ,\ .. .... ..

( )h~~.oltO\~'tfl9 C9r.lj)f)ri$OYlS t'lere mad€!< C'iv'5t, ;;i\iiwal tefi1pel"atlliftf,t "and
1'1l, .......J d c " .. !)

I~'l .. .. .. ,,'.. ,0 " " .." .. ".. .." > ,,', ", .. ,.. <',' ..', .. ;,;.. .•... .. '.'"rain'fall data for ~ns.amp1ing sites were averaged fot't4;Hi! study
(.~

pef'io4. These avt>ragEls wetve then ~ompareel to the ldrt9~t~rm an~Hl~l
,.0 0' ,

()'Jer~~,e telil~etat!i16~5 ~nd ..rainfall" VOl" .Johan,neSbU, .anQ' Pret.tOria.
c

9 {! ii c,

,SeCOn(l. cO!l)paH s~nof 'fitl~Y' r:$Q.l uti()~ WtlS m~fl{bet~/eel1 'ba1 l1fal1 ~

iWid. gra~s f)'oJht[L at stJmpli.ng sites, C8/:I~tJjat.~p on a monthly "oasiS'.
.." 0 lJ D

TO'e:H:lmine the rbltltionship (~et\'Jeen pollen am! l1i1mi-ust;;,t data fromo

atmo$piJel'\c sfJmplest~~~f"'eused. T~t~(a1ienpollen for 1987,,1988 was

,€mtJrQssed as (1 per~!rnti:lga of ~.~()tal pol1en,.l:It ~HiCh stte,

5;3 Results

5~3.1 Correspondanceanalysis

The '~(J~lta rnatY'5ces give the taRa of Tabh: 9 in rml1s and thl.1

categories A~ S~ C and V in colurtms. Table 10 9i\]~~$ thf! CA for

0,

o/)"



\ .
OJ)

C) o
n

II

{}

site L "Data for· other Jrites are tn ApR~ndiK fl. Data and the CA

fu~ the n~ll mod'~l ar.e sho~mi,5(~.JaMe ilfr>dl'Hf t'i1~ graphs are"

'tti~played "ir! Figures 11a ~nd n h. "i~or~s'~ 1ttl .,a~((:·12b COll1p~re 'the'

ddta'or toe null model to 5i\ 1. ' 0 Q

r>

y samples were M9tl'tively cptrelated with A, S and samples, and

these ~l1ree \~ere ,either VJeakJY r::or~elated, or not cqrrelated ato

a :Ui: _ c

'Ltitn ,one «rt'othe\,. ,The taxa"Rhz.i$~ Ce1.tis and Poaceae made the"
o .,

0, _ __ . _ ", _ _ _ ~- " " " _', • _. _ _ ,_ _,' ",', _ _ ,.:c

gr~atest contr iotrf "ion, to the analyses. Grass was wen cor'related

o
wi th v,eget atol 00.') as
~ '(1 ,lj ,h _ l;\lJ ,', - u

~Jind";PQn'itVlte(.( trees vJ~n"e.nett Ci)\nre 1.,ated wi th vegetat ion~. and
" ". " . ' , ' '. f;P , '

neither c.\"E,'n"~ i\lSect ..pollirHit0.<! non-arboreal' taxa. These" 'last
", . o. .. '" o . c ' ",,' Q

,91"()UP~were generally ·co.rr.t#lat~:tlwith It, ~ampiEs~

two

G~"aphicill outpttt TO).' '·,rita fs d~lsiil.ia'yedoln.Figure 10. ,00th~H"

gr,aph?' arb itt ,AQ,p~ridi[} 9. Thes~ displijjls shovrthai thi!! overall
() , , " "

l;l'imeli$;OnS, iJl most cases (lccmmtthg ft)Y' .at least 10% ;nd in en
fl,

'cases Tor fllQf'.t:' than ao~;01& the \!(\t11atiol1. This nleilnS tha't. fffe plots
'I), "..' 1/ \,,\") ',', ,

~'

o:fCA are ,dlml')~t exact displa.vs of .the profiJes at each s"ite+

()

\7 '0

II

\,
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Clti~~$Ol1. tv.
'9 Diaq, et;;otini f(~Uli

11 DionpYi.·ol}

.]2 l'Jombeya
"1' ..1l~unlIt f()l-ia "

o . . "',iI i13 E:hNlt'm x' 1'f'[,'$( ,a
1i.} Euc; 1,e,~

15 ll'l'{J'bJ~Ct.

16 Hal.iel"z>J. Ll,J.t;UJa
.;', \'

!7 fll?tm~omor!pha "
b·ifo't~~ai.,a

1a llypel'i(~i;lJ11
19. Mayt;(mUH

.' Q,

20 lit?pa' eUf'O[XH1£

21
24 Ptoteaceae
2'-$ Rhanmaceae

'''> 24 'i?hus
25 ?iz,tphus

mudi.f[inata

57 fl1Z't'izOCf,'f'6'$

58 Br,yophyte. spore
(:""'\·59 CypEtraC('lae
~1~:}!1~'ilyd'f'ocotyte

61 lJudwtrJ'u~

34 Convol vu l'uceae
35' Cl~a$$U~a
, '" '7) \"

36 Cr~cifer~e 0
Ii '".0' ""

37 E'l''l~r::tJ, 'D

0" c

038 Eupllorbi acaaa tx

39 <L~bi atae

" 62 Nympheae

'63 PoZygoniflJn

64 Potamogetonaceae
65 Rieaia
66 l'rilet~.spore
'67 TYpha

!i;

40 til iac~ae
41 .'t~aIvacea,~

;:;:,.,,' " l';:

42 Mtl1R)t:1U11rAte
fZo-be t t1:1'0 ~ia,Q.. Q

o

43 lJanothol'tl.

44 [>ka:t'ftxzgo

45 PO'l.VPodiacr.:ae

47 Bel(74jo
';d ~AS S'l-a:0/ . ..

19~,~;p!anac,eae
50 ~2;O(!O~ c"vu.Jda'l'z:e o

51 T"il"C!,xat.!ull't

52 'l'r'UlUZu,a

93 Umbel~ifera~
54 VOl'iumia

C:

55,'Poaceae
56"Unidentifh;ld

I)
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CA of sit~ 1

(all percentage data have been multipljed by 100(\
, eg>in the fh~sti~~,'r;;plumnof the 'last. row,
taxon 55: 53458Y;~ 53.458%).

Input
37 4 0 2

" Output
1 1 1 1 1
Columns
A"S,C,VTl?mplate
1111Graphs
12002· .' 3311
Oata
10 497 560 340
2 0 0 04 000
. 5 0, 0 '0
6 9744 106.40 9510
7 1261 910 '167

o ~ 000
10 38 0 0
1'100 0
12 0 0 0 0
13 0 0 "0
14 0 0 0
16 0 0 0
17 0 0 0
1~ 0 0 " 0
20, ,\===' 1032 980 650,
21~~~ 0 0 ~
22 .: l' 76.. 20 ()
23 " 0 (f 0
24 28009 25960 24840
25 0 0" 0
20 26"1 0 0
30 38 0 0
32 2598 1940 11513
33 12&3', 2500 3226
35 116" . 0 .e
36 0 80 G,
38. .38) 500 0
40 344 250 320
41 76 10.0 0
45 76 n 0
47 76 50d 0
49 76 0 a
50 650 500 0
52 115 0 61063 191 0 ' 0
55 534ti8 54560 58725
Inertias and percentages of inertlE1
1 0.165194 87.70% [[[[[[CUC[[[t [[H[£e tnuu tt [[HEn EE[([U[CC[ rr
2 0.01'3982 7.42% UU3 0.009177 4.81% C[[

0.188353

fJ

212
5
19

147
15
56
10
58
33
44
47
4

26f,8
~~~
12
45

251
37
i
1
2
2
2
1
2
2
o
o
o
2
7

31
o

98862

(}



Tq.ble 10 (;1\ of site 1(lZontinuedL
Row Contributioris

-U-NM~E I OtT MAS INR1" k=l COR eTR 1 k=2 COR erR

o

l' I ·1 I ~41 4 2. f 291 740 2. I 107 101 3
2 I 122 I 999 0 0 1 ~ 1722 988 0, 179 n 0
3' "4 I -899 0 1 I ~1722 988 1 I j 79 n 0
4 I 5 I 999 0 0 J -1722 988 O! 179 11 0
5; I 6 ! 996 75 129 I 566 989 145 I ~48 7 13
6 I 7 I 961 6 24 I 632 521 14 I 594 460 149
7 I 8 I 999 0 2 I -1722 988,s' 3 I 179 11 0
8' 10 ,. i55 0 1 ,. 190 21 0:1' 1111 734 11
9, 11 I 999 0 2 I -1722 988 )Q I 179 lr 0
ic 1 12 I 999 0 1 L .. 1722 988 Teo I 179 11 0
11 I 13 ,999 0 2 I;" 1722 988 2. I 179 11 0
12 I 14 r 999 0 2 I ..1722 988 2! 179 11 0
13 I 16 I 999 0 0 I ~1722 98B 0 I 179 n
14 I 17 I 999 0 1 I ~1722 988 r I 179 11 i,

15 I 19 I 999 0 l·.\"J"-1722 988 1 I 179 11
16 'I 20' 1 S88 7 13 "jLzJ(582 933 14 1 141 55If' 21 r 999 0 1 I -1722. 988 ,l I 179 n
18 I 22 ! 935 0 2. r 413 146 0 I 960 789
19! 23 I 999 0 2. I ..1122 988 2. I 179 11 0 0

201 24 I 977 198 344 I 572 977 392 I ~3 0 0
'21 ;! I 25 I 999 0 1 I -1722 M8 2. [ 179 11 0
22'1 28 1772 1 11 I 684 157 2 I 13{\1 615 88
23 I 30 I .no 0 1 I 631 14~ 0 I 1326 628 ">12
24 I 32 I 990 15 31 I 595 918 3:1 I 166 71 30
25 L 33 I 997 !) 17 46 I 533 565 30 I "'466 431 270
26 I' 35 I 771 0 4 I 65) 148 1 I 1336 6..23 37
·27 I 36 1,126 a 3 I 601 124 0 I ...75 2 0
28 t, 38 1 160, r 18 I 626 160 3 I 24 0 0
29 1 AO?' I· 92] 2 4 I 568 920 If I ~Z] 1 0
30 1 '41 ! G99 0 2 I 6S7 '416 1 I 541 28.2 9
31 I 45 I 733 0 3 I 6~3 rso 1 I 135..6 613 25
32 I 47 I 201 1 16 I 638 !196 4 I 111 6 '1

,', 33 I" 49, I 770 '0 3! 631 l42 0 J 1326 628 25 il

34 I SJ 1946 3 16 I 651 ~~20 7 1 729 627 110
35 I 52 I 618 2 17 I 3'57 ;~J5 t I ...962 544 125
36 I 53 I 773 0 8 J 693, '['60 1 I' 1256 613 63
37 I 55" 11000 664 284 I -,?84 teoo 324 I l' 0 ($"

_,..",.......I..._..._ .....I ;:....1_""""'""'"......._,.,..._..;:;1_. ~ __
('\
'. t. " i'_' , " ,':Cl..~1umn Contri bu;9 ens

e,

231 460····
T 2

475 531
1 8

k=2 COR erR
~- •.• ··1 I

1 I A I 944
2 I $:\. I 734
3 I C I 895
4 I V 11000

'0 I I

250 148 l'
250 ] 19 I
250 83 I
250 651 I

I

282 713
256 733
162 420

....700 999
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Table 11
Input
37 4 0 2
Output
1 'i 1 1Columns
AN SN eN VN
Template 1111
Gr'aphs
12002 1010, 12002 0101,
Data C

1, 12002 0311

eA of the nun

1 2 3 4
"I'N 51\! 0 eN VN ,~

1 IN 308 321 345 325
2 2N 1 1 1 1
3 4N HI 21 20 ,Ii 20
4 fiN 5 5 6 4
5 oN 5863 5863 5897 5987
6 7N 864 873 853 813
,7 BN 49 51 50 47

l '5 ION 38 41 40 39
'llN 61 58 60 59

10 12N 35 33 32 ?f\
1:::1 "'if-

11 13N 44 45 46 42
12 14N 51 47 49 50
13 16N 4 5 3 4

o 14 17N 25 26 28 24 j»Ii
915 19N 18 19 17 18
16 20N 7645 7864 )~986 8054
17 21N 24 22 23 25
18 22N 75 76 '.i 74 79
Hl 23N 44 43 41 47
20 ~4N 16853 17243 6985 17134
21 5N 40 42 39 40
22 zaN 267 255 271 260
23 SON 38 :35 39(( 40
24\ 32N 1985 1897 1957 1987
25 33N 1123 1234 1167 1176
26 35N 115 120 116 121
27 36N 80 75 77 82
28 3aN 467 49B 432 465

(I 29 4,ON 2~~4 254 265 287'~)

30 41N 100 105 79 89
31 45N 75 77 85 80
32 47N 76 82 78 80

t) 33 49N 76 75 86 80
34 SON 456 432 476 453
35 52N 115 120 124 118
36 ~3N 154 153 165 176
37 ti5N 62572 61892 62000 61662
sum 99999 100003 100010 99997

slim

12994 "
80,
20

.::3610
3~03
19-.1
158
238
129177
'197
16

103
72

31549
94304 .

i, ,.175
68215

161
105~
152

7826
4698
472
314

1862
1040
373
317
316
317

1817
477
648

24B126
400009

\\

In~rtias and percentag(ts of inter'ia
0.000088 53.97% nCC[CC[[[[[[([[[[[[[[[[( [([[[[[[[[[([[[([[[[[[[(
0.000055 33.54% [[[[[[[[[c{[[[[[[U['[H[[ ntnr
0.000020 12!49% ([[t[[[[[[{[
0.000164



o

Tab h~ "11 CA of the null model (conti~med).
(J

Row Contributions
--r---r- ,..
IINA~IEI QLT MAS INR I k=l COR eTR 1{=2 COR " eTR
1 i ',;, 1 ' ..... ' ,~.' ... _.. ... . "' _.....,_...._.~-;r 1'"

. .. 01. \n>" . .....,-,..~: I ~~-'l~·"""""'-lIT~
\1

11 1N I 578 ? 33 I 28 479 29 ! 13 99 lU"21 2NI%55158.4~0937.5 0 01 -0 185 Or ~O%5491:1.28515625 01
31 4NI 865 0 2 I 18 249 1 I ~28 616 :3
41 5NI 151 0 6 I ~33 55 1 I 44 95 2
51 6NI 665 59. 27 I 7 628 31 I 2 36 3
61 7NI 650 0 9 38 I ~19 523 36 I -10 127 14
71 aNI' 318 0 :3 I ..11 125 1 I ..13 193 Z
81 10NI S81 0 (. . 11

,. IS9 'I I ..18 422 2I
91· l1MI 9$'3 1 1 I ...10 302 1 I 15 661 3

10·, 12NI 910 0 9 I ...64' 908 15 I ...3 2 0
HI 13NI 61 0 3 ! ..8 61 0 I 0 0 0
121 :I4NI 636 0 ,-(1 I o ..8 79 0 I 22 557 5
13.j j6NI 9,23 0 "a I ~39 50 1 I -165 e73 20
141 17NJ 41 0 5 r' 2. , 0 j 11 40 1r

151 19NI ~36 Q 2 I -9 50 'a J ~37 886 4
H31 20NI ~92 0 79 187 I 20 992 344 I

i)

0
,~ 0 0'

\) 0 171 21NI '~24 0 3 I 10 42 0 I 25 ~82 3
181 22NI 384 1 3 I 13 2(\,9_

1
2 I ...8 \1 95 1

191 .23Nl 75 0 7 I H off' t I ..6 15 0
201. 24MI 1066 171 78 I 5 336 49 I ..7 730 170
21 r: 25NI 1022 0 2' I ...5 30 0 I. ..27 992 IJ 5"22 I 28NI 869 " 9 I ..4 35 1 I 21 834 22.;

2~~I 30NI 848 0 6 I 21 185 2'" 1 40 66~ 11
241 32NI 6J8 20 41 . ~O 0 0 1 ~5 618 76I c,

25l 33N! '933 12 82 I 15 0187 28 I -29 746 181
261 35~1 8~i' 1 3 I 15 450 3 I ..14 437 ., 1)4

0'

?71 36 I 266 .1 6- I 5 18 0 I 17 240 4
"281 38NI 925 5 72- I ...·13 65 9 1 ..47 859 18,3'

" 291 /fONI 956 3 86 I 72 954 152 I S 2' 0
301 41NI 927 1 66 I ~64 3$6 ,,44 I ..82 571 ~~11e
311 45NI 714 1 11 [ 33 494 10 I ?2 220 7
321 47N'1 lOH) 1 4 1 15 299 2 f -24 715 8

" 331 .49NI 795 1 14 I 31 322 ·9 1 37 473 20
341 SONI 899 5 33 I 5 24 1 I 32 876 85
351 52NI :{22 1 5 I, 15 318 3 I 2 4 n
361 !)3NI @55 2 33 I 48 099 43 I 23 155 '151

371 SSNI 965 620 110 I -5 893 '.' 183 ",l 1 72 24
'1 I 1 (/ ,J~.."" , "¥ ..... ~~ ..nI. 'I"M ~ ,,","- ..., ..~ .... , - . ~M~"'"

\_')

Column Contribltti ens
~"""""T!"""'Ion""'~r~~',\.')4--4 H _...,,__H,,_"'!> .. :' [a ~._' ~+,' ..... ''61 ...oi ... - ... ,;.) .....•.. ~~~.-.. .' ,-'"

J 1NAt4E1, QL1" M"',S INR I k=l. '.'COR eTR 1 k~~2 COR eTR
~ '1"._.- f .. __ --_j~'<'~ ..I~.~~H~~;# , . 1 Ji(1 r P K '. 'q~_ .a~ '. '. '-u- ' _-. _, . I_m~~~

11 A I 971 250 3~5 (' ..14 ~ot 593 I' 4 'IQ' 74
2{ S t 965 250 238 1 ~1 9 4 1 -12 955 618
31 C I 678 250 171 I 5 198 63 I 7 480 245
41 V I 784 250 235 I 11 ,;10 340 I 1 41 3
J 1 1 . 1~~"""'" ~ ~.,_,._.,'1"-~~~~~·_·1 --
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t\ve."iAge t~,mwrat(!6resam~rafnf~11 for Jog'illn~e$&llur'9
and "Pretori 3"

II

Pretoria sitesf annual average temperature 198111988

Pretoria Iong ..t·erm annual a.verage temperature

17. loe

17. toe

Johannesburg sites 1 annual average temperatw"e1987/1988
oJohanne$btll~g 1ong ..ter~u,.annua 1 average temperature

Pretot'ia sttas, average total 'rainfall 198711988

. Pretoria long ..tet'lfl .i.mnual total rainfall

. 709 mm

716 rom

Joharm0sburg s1tes ~ average totai" rall1fal1 1981/1988" 197 mm
Johannesburg long,'·term annual total rainfan

) ....," -. . . ",.. (I
811 mm

{'

"\\



t'1onthly rainfall data for sa.mr.»1iUlg sites

{* ~ data unavailable, . .£ ;::average for Johannesburg sites was assumed (61.4 mm),
%N ::::percentage of norma1 rainf a1L~ measurement in mm).

~ .. (~; \ !

TQ\ble 13

Site 1
1987 1988

Site 3
1981 1988

%N %N

Site 4
1987 1988

Site 6
1988

%N 1sN
l~Jal

/

J 103.2 105.8
F 74.2 60.4
M 90.2142.4
A 25 ..6 79 ..9
MO·1.7
J 0 13.tl
J I) 3.0

II A 20.0 o
S 12.9 50.0
o '42.5 76.7
N 132.2 51. 5o 124•.2 64.8..
~ 685 ..0 6,~9.7

J 134~2 126.5 97F 84.3 70.5 74
M 219.2 lEO.l 161
A 9.2 48.0 81
M 0 1.5 e
J 0.1 2'6.3 375
J 0 4.8 80
A 19.2 0.1 2
S 175.0 53.8 207
o 69.5 79.3 110
N 200.2 59.1 52o 107.8 127.8 121

!)~ 1018.7 727 •.8

77.5 '*142.7 *160.2 219
33.6 64ooo .
27.0 473
85.6 "*
35.9 '*

H:fi.8 *
75.4 *

764;7

Site
1981

54.4 41 93.2 79.7
46.4 500 103.0,.90.4
81.0 95. 196.3 139.4
82.8 159 23.1 84.5
0.4 1 0." 1.0
7~O 86 0 8.4
3.3 47 0 2~4
2.2 * 25.8 1~2

49.8 * 91~O 50.0
69.3 .0 * 69.0 95.1
49.9 * 162.9 48..9
121.4 * 82.2 138,,9
5,67.9 847.2 739.9

%N

Sites $) & 10
1988 198t 1988

%N.

H.l8.0 96 142.3 126
52.9 '51 36.5 25

128.9 143 169.5 189
12.8 27 23.7 51
1.5 8 3.418o 10.8 177
0' 2.9 32

13.4 167 1.0 1'2
125.9 567 56.6 254
64.4 101 86.2135

171j6 156 20.5 18
91.4 81" 67.4 60
170.8 620,.8

.o;l

Site 11
1987 1988

%N
()

99.0 67 51.2 34 110~1 175.2
57.6 "80 40.1 37 161.9 38.0

264.8 312 9'1.2 197 131.0. 160.6
5.0 849.787 14.721.4
o 1.0 5 1.0 2.6

..5.0 58 13.9 163 0 11.1o 17.0 230 (}' 3 •7
56.0 888 Q 20.1 1.2
97.2 514 57.2302 "161.1':; 53,,7
69.0 102 65.2 ge 42.6 90.4
168.5 141 79.5 66 136.3 71.1
166.2 146 123.6 109 132.9 141.4
988.2 589.1 917.4 770.4

120.0 97 .B~.O 71
45.5 51 51.5 51
62..7 91 110.(1 126
20. 1 30 6 •~l 16
o 0
o 15.5 242° 2.5 32
14. 4 2B8 2.0 26
159 61246 51.3 253£ £ 152.0 245
181.8 155 63.5 54
72.3 62 42.2 36

675.4 585.6
(11 mths) .
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T<nble 14

o

"

~1onthlygrass ponen exprl~ssed QiSa p,ergentag.e of annual
total, 19Bi ..UJ88"

_... I:io_._, __ ._.... __, .. -.' ~ ...;....,.-- ..,..--- .

Site 1 Site 2
()

1981 1988 1981 198B
Sit~:3

1981 1988
Site if

1987 1988
Site 5"

1981 HISS

o

J 28.8014.5" 31.5 3{h2 34.7 19.6 2111.2 26.0 25.3 29:1
F 20.2.12.8 27.0 12.9 36.1 5.2 2~.O $.5 24.6 4.6
~ ~:~l;:~ g:~2~:; Nn:~ li.':flt..~.'..~:~ti
t4 4~O 4.4 1.1 1.5 5.2 2.6 ~.O 2.2 2.7 4.3
J 0..8 1.3 2.0 0.9 t.4 1:0 fLO 1.7 0.9 1.6
\,1 0,,8 0.4 1.1 0,,3 0.4 0 •.0 b 0.6 0.4 0.7 O~O
A 0.37/:J 0.72.4 0.0" 3.6

/

1",0.31.7 0.2' 3.5
S 04 4· 7. 5 1.t 4 .f: O.2 .2. 6 0" 1 6 •9 '.{).1 ?.7o 7.0 5.3 5.1 8.2 , 1..4 Q 7.2 1.8 4.3 1.3 5.4

~ l~:~~:1..Eg:~ ~~. ~:gJ~:~IH:g1~:~~~:&2~:~
"'-''''/j,''-' .. ,......_........., '-......,_--1/ .....~~,...,.~""_".:.I!"._'"":~_,.:..._ .._~t

-'" _.....................". t"" ~""l~""'" ~"" ' , ••_ ' ••. -

Site 6 Site" Site 8 / Site 9 0 (;3jte·10 Site) 1
1981 '19aS" 19$311988 1981 lSaa 1981.1988 19871988 US7 198$

J 20.6 20.9
F' " 23. 9 . 11<:.9
M 17.0 15.4
A 2.4 9.0
H 3.4 1..9
{ II 0.4 1.0
J 0.9 0.3
A 0 .•3. 1.6
S 0.1 2.9
o 1.1 9.7
N 22.9 23.2
o ,6..9 2.3

32.0 28. '7
22.5 23.9"'O~5 10.7
0.6 b~6
3.1 3.30.7 1.'1
0.4 D.n
0.3 1.8
0.1 1.1"0.8 3.7
18.115.1
20.9 4.0

18f6 36.9
24.1 _a,.s
8.7 1'15.2
':4 5.22.1 3.0
1.6 0.00.7 O~4
0.2 2.2
0.2 6.3
10.3 7.4
16.6 10.7
15.4 3.3

20.3.29.4"
2~·.4~3.5
8.1 8~W
10.4 sd'7:·
2.5 1.4
0.1 1.2
0.3, 0.5
3.6 0.7
0.1 2.4
0.8" 3.417.9 7.2

23.5 5.7

29:.0 44 ..,0
23~8 4.7u.s 19.7
1.2 10.4-
1.4 2.1o .~1 0.0
0.5 0.5
0;;5 3~1
0.1 5.2
0.4 3.1

14.3 3.6
17.6 3.6



Table 15

-87-

Alien pon~n ex~riassed>as a percentage of j:otal
atmospheri'C pollen" averaged foD"study period.

1

2

47.69
51.;'11

38.4-6

38.51
\1". r

o ti "
<) "44.04
35.04 (_I

47.S0

37.84.

7

8

9

10

11

,
,44.08

18.72

C:)

,JJ

iO

d 0

o

o

Q
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Site 1 (Table 10)

The f1 rst two axes contri butad 95.12%, to tota.1 i'nert ia. In termS
~.: ',j

of taxa (rows)., the quaHty:of display in two dimensions (QtT) was
-"i)

~)

,i,h'ig,h io an cases e~cept for .taxa 36 and 38 (Cruciferae and BJ?iaa).
c

The gre,atest contdbtltions to, total. iner-tia (JNRl \'Jere mao~ by
- :)

,-;:

taxa 6, (CeZt:is) 9 24 (Rhus) and 55 (Poac,eae).. Many taxa were ,\
highly correlated with the, first tDCi<t; (tORL HO\ll1t~ver, they appeared

• -' . 0 •

to be ins;ignificant~ as determined by ~b,eir low ~letght~{MAS>.

this Lvasconfirmed by thetr 'low contYl,ibutions ~o the first 'principal

inerti a. (CTIH. Only ta~a 6 JCet.H.s))' ~4 (RhUl~) and 55 {Poaceae)

were metmil1,grul.

Carre latio!1 (COR) with the second" axi s was gOqd i11 sever'al cases,
and some taxa made contributiOtlS abov'~ aver(lge to th~ second

. ... .. ··.b·' . . . -_- . ••. ~

", vrincipal: inerti a ('Cf'R.), ~o that these row points WerE! mearringfu1.;)
.' '" -_ ()

" 0

The taxa concerned weihe ~8' (A,&oeJ 9 35 (t"x'as,t)uia) ~ 50 (Si;Oe}x?),

52 (Tt>ibutus) aHa 53 (Umhelnferaeh

In terms of categorias (columns), ~he,quality of <Nsplay in .two

dimensions (QLT) was very 'gpod~ especially in tJ'H? C~S(;l ,of '1,

wher,p maxlmum display was achieved. Oon$eq.uently~ V contr'lbuted ~:he
.'

greatest proportion to" tot, a1 j nE!rt iil (tNR),. The conttii:H!t';ol1 to
u 0 0

total inertia of A~ S~ C and V" fndivMua'llYt varied cons·iderab'ly.

A~ the two ~xtrernes;)wet:e If~ contribl.lting 65. T%and C~ witl1 (i

contribution of only 8~3%. COl·l~el'ation.with the first axis· {emU
~las hi gh, for thnte of the four categori es, C $howi ng onTy fair

corre 1ation.



q CoJumnCfl(ltribud'ol1s to the second a~{i:s (erR) tllel"e. above av(wage(v., -oc - - - :" - , •• '.-, -', - (' . - _

fbI'" bofJ4"'J( and C~ but "'(lS . the correlations with the second axts (COR)

were noit good, these column, .,pOiJlts were not me.flrlingful.

Site, 1" (F'igure 1.0)

Atmo$pheric and"core s.amples ~'JeY',e tending towards ZeY'.o corr~lation
;:_;

'with each other\, .Surface samples were posi.~i\1elY c~Y'related l;tith
~:, - ,.,-- - '~', - -, -... '. . - ~)?

,)both thes~ samp.les. Vegetation was negf,ltively .carre 1«ted with th#)
, ,' .... :.... .': .." "

oOTh~,re were manY"tl"aes (snOWYI col1et:tively as X at extreme left of
c o .

~' the, first ,axis) that \'Iere ~ighl.Y positively cOfTEflated W1th

vegetation, and \\111::11gras$¥ '1he~'etrc~:; were negatively correlated

" ~/ith the oth,er cate9fJrles~ ~eet1by their almost HlOc ()PPos{~10n to

these categories. Conversel,j( the two. taxa Rlru~., and {,'e~i!;'t~'S,:war,s
, . j. . . ~

n ' ' ., .'" ."" ,"li'(:tgatively corr~lateq with "vegetation and positively with the othr:;r

~ryree cf;1tegor!?es.. Grass" was wen co~'related wtth veg~ti'tion,

but correlation with .'the other thr,ee categories was 11lttgatlve.t', .',. .--,~
~, ~,

A group of taxa (Shc~lVm as Y) was weH cO~,~elated "lith "the at\l1d~pheric

:sample. 'rhis grou~1~all l1on"arborea,l taxe, shqwed fair correlati·an

wit~. the surface. $ample~o zero correJ.jl't·lOh with the 'C()l"~ sample,
U D

,almost/total negative correlation with the vegetation sample,.

Sit~Hl' 3 and 4 \'1ere most s;!fii lar to. site 1 in terms of distri.bution



c-.

. of .points 'in the p101',s. There.after 9t::~'(;(ef of indivinU'al points
y._ -!'

\'IRS ,sljght~,Y mor~ varied, but all sites showed cnns;stency in

thot vegetation contributed largely to ..total inertia» and t.hat

w1ndpoHinated trees domi~ated, as above. This wes J;sp.ecially
d /l._

"obvious in the case of ceZtis af:riaana. Many instances of outl iers

occurred eg at. site 6"Ta:rlWJac:um~ seen at ,the far left ofaxh 1 in
.-;::_- I

'the plot for' this s"ite. HOltJe\fer~thE:"Seoutliers appear 'insignificant,

II
~

, "As the. s ites" moved from· the 'savanna of' Pretori ~~YlOi"th to the "

grasslands further"south, grass moved closer to the O1"'i9'in~wW.}ch
\~, ' .'l'J"/, \ n ;-, ,~

would m:n;mal1y indicate'that grass 'was becoming less impQr'taht~ \)1.

Howe\leY'~"as ll1entioned aboVe..i "'the numeY"icalo data\,ijlust be taken into
:;I'!~ , ....,

';'

" which i!lcr,e;Jsed"1110r~or less conSistently along the same gr'Qdien.t~
~. a .' ..

'" .1j. . '. .An exception occ!.:.wt'ed"at site 111 ;,wlief'e th~ weight" {If grass

dect'eased~

"

"!therelationshlp of categories A, s, G,~,a~ldV for,,$ites 3. 4~ "7, 10
o ,-.~\ ()" 0 :)

and l l \;'Jas app1"owlmate.ly the same 0.$ $.it~,d j,.t) "'l4,Ut(fJ\, Sand C were
" .\ \\.'" "',_} '\

on' the positive $'ide of ~he seCOfld,:~ils"~11;f;I~\__)qtocatll:'l on the

negative side ... The other three'sites 5, 6 gnd~~l;,h:da" less
...; 1'" {""/ C:.l"<:::~;.,__ ~'\

consistent dispersion although ill all but Otret site 5-;' V ~iemained

on the negative side of the second a~ds. It appears that gra$s was

again"responsible for this arrangemel1t~ The lattc:r tlw'-ee sites

had the hiihast weights for grass. while site 5 had the highest
va1ue Of 1.'111. The t'l)rrelat'jonsamong the categor ias a1so fclJ lowed

c

\\\



c
1')

this s~ation of siteS/into two gr'oups" In. the first g,roupt

3, ~, 7i 10 a,nti' 11 t A, samples w,ere invari ilbly not" c(;Irrelated

or poor"y .correl ated witho Sand G sampt~S, (~~i1da11 three of the·se'

negatively correlilted with V. The second gY'Qup,5, 6 and 9,
'\eiid not demonstrate any const st~ncy.

\')

by th~ fir~t two axes ,,(T~,bl~ 1H The .qua'Jity of tHsplay

most taxa" fm(j,alf categorif?s was very good. Th~ ,$ontr,ibutions Qi~
,~ \. :. .' ," \' " . " . . . " ,:~.

~f t\,' C and \[ to total imirtia was fairly s1n1'ilar, with the
~" " ' , 0

" .,

~~trem~s dHfering by facto.t .of about, 2.' ,;All fout"·Gategori es '
, " "'-','dli', , , 0

were "of' equal sfgl'lificance $ although there appeal"'ed.to be no"
':, .,' ,', (\' '-' ,." " : (,~?", ", - ',', _.•,"',,' , ' \\~ " ' '~_.

"POf"r'elation among them~ as caff be SS~ ,in t'h~ dj>~;t~Jbtttion plot
it t~j ," _' ," ..'. "<\:, " >: C". _. • ,'~"";:~~~;.~~~::';~! , l)' r_

(~;igUre l}hL In terms of ,ta'ta, grass W\$t~~rll1Q~t,~'Si9~/ifi<:;.~:,t
'contriouto\" tlJ total inert; '.a ~ foH(j\'leti by Rhu,s ~ O·t+t!a. ~hd,;Col.ti.s. ,~

;~"::j

However, thee grJater contl'l'ibutioh "of some taRa tOi ta'tal imiH"tia"

"$illlpty en artefact pi"odlJced ~l6>~hefact that s,ometaxa overwhelmed o

other': in the pollen slJe€tr~'Um. Figure 11(;1ShOltIS, a random distribution
\ .... ,:-' "',,,

~, " . ,', ,",,' ,,-~
of taxa. The "co..ordiinate scale in FiguN.1S 11ao eng l1b fs ~uc~L.J)

larger than the scale for site 1 (Figure 10)~ $0 that thErdispl'ay (ft'

l1ull dat~1 tends to be ~xaggerated.
'\~'"'f

)!
\\ ,"" , - "-,, ,', , .. "_

Fi~:fure'12a projects the taxa of site 1 onto the hypotheticr.xl data

c 0

apparently random nun data f'IOltl necome clusteeed about the. arigin?

li4hile the real d~l'taare\l.widely scattered. ThisvJas ref"lected in
t~7



the flumeri..cat data of !>ite 1. iNhere there was a nef,.rly B..foid
, ('l

difference in individual contr"ibution qf, A, $, C and V to tot~l,

inertia. Sucp e~~treme differences weY'\talso seen 'in ~ata for ~h(:
c'

~,

5.~~.2 Pollen pn:~duction and climatic factors
o

Tflble .J2 shows that when date. from .an sites is combined, annual
"

average temperatures and ~'"ainfaJ 1 werr:(;eo.nsi st.ent wi th lot'Jl~tev'm 0

for fJt~ijto<ria and Joh,;;m\esbvrgd'C1imate of Sout.h Africa 19a~J.'1

In contrast when.fine resolutton is used~ Table IS show
o
$ tremendous)

(\

bett'Jeen~5ite v(lriabil'i in rainfal '~For' e}~amp.l~"in M~H'dlH}~) ,I

o

$it~ J \IIi,~h 264.~ mmt had mo¥'e "than f,.om' times the rai nor' $'1 te n
with .62.1 mni'*.. Cor,responding to t:b;e~e rainftall anomoHesj' t(Jole 14

I', . .-- .; _~_ : - -(\
11:

ShOltiS trat 9ras~ poll~fl production vari,e<I'iconsiderably~ 'i~yei1
\\ . - ':,(}

t~~~~h $lt~$ \'~re lo<;.t~d .,It.hl" .~ ilnal\,ar;a •.. Nqt 'wr~ris1
thE!1!1-ofor the time period quote(tab'tlve '(l~(~#f;hl~9Q,n~only

P> _ .\' . _ _ .: __... () - ,~- - ., -'. - . -. (!

:;-rlnual grass pollen was recor"ded at site 7 .. drllt; 14.2~; at
- \\

{'

",J

" '/



(I

» pollen bit u11 sites for mnsf:'sample';, was more durable thvri)
(z

1/:0 if I the A

fHthmluh v0getut'i{)1'1 quadn1.ts ~'rla chosen to' t;:;XChH.G uH(m ttlJW,
\ 'i' j) 0

thQSt"?W{:~'(~tIC; 1I 'ifI the (l'tl1'1ostJ~mt"iC Dtf Ien sp.m::t}~url1

01 f('om ~m'y ~li~~n t.rees$ HhoVJl;>du COfH5idm'/:l.;!1e rm}senca
o Ii

\
~i '': 5 • .1). 1 P-ilJ l.;::n um1 vBgctatJon

Tho ~mst s;aHent 'featlw0 of this BMlys'is l:J13S tho ,m{Hlo~dover-

grBss~ EntQmogh11ous

specim~m:,in the lOCitl VtJ~ictatlon~both 'in tel-orris of zs of tim

'illdivicii\.li.ll plant ,fmd tl~rccn'tilge contf'ibtrUOfl" W(H'C (1:{l1~)gerated. In

contrii!\st~ bot.h 9t'Cl'.iSand insect"'pollirHtted trees iH';r;ut<lte~y 0

~'efl ect.od vcgeti;l't ien, lhe net t'f:1::;ua \'JdS that pon en snmpIf:~s~Jm~1S

nut indicati ve of tho sup~oul1d1ng V0get~)tion.



o

()

l1ljS re$l~lt t1flShi9~,Hghted by the COmtlDri$on of the real data

I:fi th the null 1110de1$ whic!l t~sted the q,ssllmpt ion th~t poH~n is
l)

im:l'icDt1ve of veg~t~tion. If ~ho disJ~la'y, of ,the ffan model is

fl:wm'im;)d in lso13thm~ it appl'.:mf~S thtlt th;t~:'is a l~imdoill distribution
L-"

" . ,i

tha!'~ em~~~·gedin thea anal,ysi s of Y'Clol
o /,

sylOws t;f;at grass 'is the only, tmwo thut 'cth4r'ic~~~«fl,Y \1((}irJhts '"J1th ij

~1m' co.r;tr'ibut'ion ~Y't)m ly'hwJ. )', in tm"lMi of CI~i;e9~~~IIQS'i;\H four

m"e squ ivu:'lent ~ so 'that if' ttm nun do~,u it~d! besn i;r~i(,r'ther'ct'lOu!d
, "!I "

c' , "i/ "
huve becl1 no, \!aV'~aM H ty among the d'ifffJl"cnt,i,;t;vpes of samplos I'

" }!,'
/1

t:tiI~ null model1 tIl\;1 nul,l P1Qd(~lbec.onms qt1ost:foneb1c. rho ~lp.pi~t€mf

randomness. of the ,;~ 1 dO.ttl 'Is t:on,trueted 'Into u ver'y small area of

tho (Nsplv)Y~ whHo ~e l'QfJl dotu pO'ints ure widoly scn~iterad. 'r'his

hil~)H41$ ttl~t re£11 dota o~'e much mol"o Vildi1bl~ than 'tha hypothetical, '"
) . ..

C,\

dOi:tl of the ntill"l.1'i(jdel suggosts.

in been ttmt of il fossi1is~~d ~itt~\?t'hm~the assumption Qf

eqUivalence <If sl)mplcs Would haVe been errOheous~

!;;

b(~t~JCt\'ilthe p&1~n ccmteat of atmosphet~h":, stn'fG(!~~and core $9mplcs.
,~

Gf'USS was lmiqtlo in that 'it was th~1 only t'lind"p(llliMted timon

thtlt aq\Quratol,y renected 'the vegetation. Correlation \'J'ith

A, 5 and C categories VJas negut'ivos but in thh case the Giq,lanat'ion
u

"

Iny not with grass 'itself. G~'ass
c

clw'.'olCltod very highly with trH c;af;eom'ies if (mtnorinmi in isolntitlll'i.

II
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()

~!.

tic")

However, in an assembl age such as t~;~s'whi(;hincluded all aspectt.

of the vegetation,. gt'US5 \'185 (i'iwmined ~1()n9side anemophilous tree
o

o ta~((}* TMse appeq_red to 01 stort the ana lys'is due to prodect'fol1 of

jispr(lpcH't ionat.crly 1a\~g~ numbers' of po11'(1),11. To have exc! u(led

j(,er Ohe or tho ,.other' from the .anal.ysis wnuld have been Hlogfca'j,

srsJ'&tlQt these (!aV(;),at5 must be bOf'no 'in mit/d when consideri~q the"
c,» r'

, t){ 0·' t' \}
I ,L~. !

II

\1J!ttw'e~~hevNlight ''Of
J'

/I 9f'lJ!:Hi in "the CA silOl'Jed ill'l' unexpected decrease. l'hls site was

',) rl I)

This distm~tion \,lil~ohighH9hted at site 11~

lQt~att2Q0f1tir'ely w::ith1n th~: Banf;enveld, but near a l,voody ridge.

,', J""BS$ c;onstituted th~f IM,j(Ji" pif\rt of tht~ "e~lQtut:ion') but thl,~cpollel1
'} .. ", . ~; -

I) o

r

i~f"odueti()fl,Hila postt ively wi th the other thr,ee cttteg(Jt'h~$.
'1 o,

o

In COl'tt\'\U$t~tllm'e was a lnr9(~ nUH1b~t' tlf ttees highly ~Qsitiveiy
" (I

G\'U'reluUd lJlith vegnti;ltion. H()I/JeV(H~,"t:hey appGof'Cld iQsigrrlficant r-

~)

o.

due .to th~'h~ low J:Jeights ~ as sepn in the numorical an~lysis 'Or the

CA. Th0se l(Wl ~'1oi!iht~iWE!.re the· resul,t r:rr~t'OW'>'~(il)\pn ibul'lts· 'ffi)"
\', . " _'. <, ,\

'.
/1 c- j\ '.",' c 0 ," ,", '.: " _'_';}',', .'. l

:tt~eselr'ees~ all.,(1,f "wtl1cJ' \'mre.p'nH;~\?tl!!'Rt}!_ l,tl'ttlt~d ,J/;rhe )tact that J"
\! u \ Ci ,t\\. <,_ ,-:,- _, ,:~:t~',) " \)~-. Dt":;~~~"t" . " oo,~

''ehiZ!Y(,w~re pos~tdveJy\)cOr\reJD($d t.Jit,h ,Vogetabilt1'biln~"negatjv~ly c
~ Ii ,,~, ' -: It
~~(lv'l~e~~f;ed wi'th th~ 'OthN~ ,eateg,."Ol"iGS:Qtoul d a" so be ex\ 1t1iNr,,ri by
L (I ~~.{ ,~ i,J' () (\/

tlmir' ento01PphHous n~ltUl"o. This: ,meant tha.t relat~ive to anemophiloUi{' c

,Ott'ees i:he~ were ,und~H"~·repn:senfedin a pol.Ien !Hlmple) but equal1y "
') (\

\' ,.

()
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()

:r'ept'us~rl'tedin an analys'is of vegetation •
.:!/

Dud ley's that appeared hi gil1y cor~€ lated ',"1i th drle or the othef'

"categOj'Y W~1re 'il1vi)Y'iably of 10\'1~~ight. Thely' apparentl.v. ~
,';lMffiOlous po~itiol1s were due tc!UH~ir' lQcaJised prt::s(arlce at sites,

exhHiit any definite trends. Th~y were frequent'!y

tmt<.~that had iI spotty OC~lwl'(mCe, appearing in or.ly one or tt'JO

tho ~f1Hi)ncategorieS O~4 being. present in vegetation but r.o~ in

pol'ten stun!) los.

11

t.mi,t \lol'l.~me1iffered f~onL s'ltt?

in pOn~fh \\Ihne ()thf.<Y'sv'oquired 1ilb3Y'i,oU\1 counting to ..reaCll 250,
o

Q p~eserv.atlf.!:1 Wi.\~ipr~~l~l)ly" hnkm1 ;'t. o\the l'~~nfal.V/~~,im~~"ant{o.. - J \
possibly t:o the~$Q"'C'l11ed l.~et..and~f:Y cyd's (Tyson 1986). ,,1\hes';!

;) t,

cycles of (lp·t)t'oxirnatl\:ly decadal durati,on mean '~)bat the height{) of

'the ~JfAt(;lr')tab Ie is 'lot maintairted~ so that etj~n \ilrshy areas

become deltydY'ated "itwl nJJ"th~Y peri ods $ }~C!$ultj n9 nOll; dati qn pf
"

(j

,.,

in ~io11.;>.Samp.les derived fl"QJlt,milt·f$hes~.. It 1'$ f\~clsi!)le that' e-
\' ,,}I I) '" ' '" ,'" i_"I;o,_,i) ;)(t' -, ~" ,,-;,,_, _, '~_ ~, ,,'::1", 'J .: ,~; "

o~ sh'ifting ,~'JI:1tliti't;,.r(?le WOUJclllot bfbcllmduchre to pollen'/pr~s,9rvat1o~~ "
C) (/ 0 (J c (\ 'q]:' ~1~:J ~ \!: n

o \\f&,SpeacJtijHY~~~f;grai,M).w~J\~~~:S~le~\~VeltyuscePtictj',fe t2J oxi:dati ('Jl«~J.\ Q D'
o __ ~ n \~

~' L,Thc 91,eJ?i:Z'))preservatiOIl' o~ ,:gi"ass "pon en in atmospheric sampleSt\~\)
(r'-' , , \) "

compar:,ed Q the other cate90th~'s,of sarnplet fm'ther supports· this
o 0

((
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Inter"$ite differences were veri noticeable in this stud'y~ even\l
though sites were located \Nithin a small erea, An exp'lanation 1'1hich

appear-s to suffice is that. of unreliability of l"ainfa11! superimposed

on the cyclical decadal pattern. Unreliab'i1fty of rainfall can

be seen in the many instances of anomalous rainfall measurements.
n

For cmample at site 11 $<1ptember rain during 1987 was 1246% that

of normal. A two-year data base is not able to establish 'normal'

"pollen production at a pav·ticular site, so that this study cannot

compere pollen producti'on to abnormal ..rainfall. It v/ould also be
;_,

necesSi)ry to est;lb 1ish absolute poll en .product ion, whien was not
, !i

£lttempted in thi s part of thf: analYSi.I~. Howt.)ver, such abnormally
:1

heavy spf"jng" rains at. the start of th~ growth season can be e}(pected
r>

to contribute SubstiXl1tially to be:tween...sit.e as well as bet\'Je~n..yea,r

{i'i fferences il1 pollen product.i on. This was ccmfi rmed in Chapter 4

(j vJher(),crosa-corrs+auton analysis indicatej a pos.itive t\'Jo..to three ..,.
.(

c

fJ the BUt-k.ard s:amp1ers,

lhe ,area ·of the vegetdtion quadrats may have been a lim'iting factor,
.i\_, ....'c, "", c,

"and fl. ,change\'_l)n size may have a1t,ered results. However~such a

G ~hafl~e may have afff;!ctM Itlind ...poninated trees 'only, if any.
o II 0

t'w"oer 0964·} \fmA~d that Pine pollen ShOWll~ h~gb vj,\lues of'depJSition
(; . '. '>. ,_,' " . . ..'. "

o

only neaP the source, e~{ponent'ially decreas(~ 09 to low vaJues over
o

,,400 m. AndersoJt (1910) showed that pol1@l deposited on a foresto .. u

folour was largely ,~erived f'r'Om tt"e~s within 20..30 lit of t~e s.ampling
9 f"1ii:e. TheSe two studi es in.dicated cond~/t..iens for' ~nemoj)h(ilous

\,;')

crees. A South Afri can study on the flr-ass1and spec; es 'I'}zemeda

t;1'1:a~ul~;aby Robinson a~0 Lowrey (988) concluded "that the majority
"



of .pol1~11j}ra'lns travelled a vey'y short distance from the plant,

with an average of 0.684 n, These ttn'ee 'studles indicate that in

the p·t~Veach quadrat 1sade,9uate_lY $(.lmp1ing the grass component~I\
«

and probably thE¥\'/ind-pollinated trees as well. Further~ it

appears that there was no bac.l<ground pollen {Birks &: Gordon 1985)
~l

for grass, and probably verY,)ittle fOl" tr~es.

s.4t: Pol lsn and l and-use

The abundant presen¢~ of alien pOllen taxa ~n the atmospheric
o • Ii . 1,1

pollen spectv'um (Table 15) fndicated the ext~nt ~Io t'lhic'h alien tsxe
-. ,1 _ , 1\

"have replaced native \1~getation~ and the success of temper'ate tree
o

(~,

taKa., i11terms of anemophily. Thi s was eS'pecia By 01ear at site 11

which was located in nature r~serv£h ~t sone distance from .,any
~\ 0 . ";' .:-.

'\1

o

o c

~l;ien tre~,s.
,!l

the P·~VV.\'Jas colonised, b~ white settlers about one hundred years

a~OI at which time' alien taxa \,H~re introcfu'ced. ,However" pollen of

such taxa was almost entirely absent from both categories of ~oi1
"sam~')les, so that no corrctustcns could' be made abolJt changtt,s over

(r-'';;

time in lanq"'Q,s~. This flyor preservatlipn again highlights the
.... ,_' - ,':, o , If' .. '\', ',0" ,'''~

posslbl~ de~rimil~t~h eff~c0t" of t\!1C;?, (~~infal1(';J:egime.
o· . __ ,) ()

, ()

(/' o,
l' " , ','."i -, /j) " ',I

IndiCj(.'.flOus people who if1h~bited the area pri!or'to settlement
"

o cultiv~ted cet"'ea.ls on &) l:imited scale: " If such early var'ieties
"i ,,,. "" ,. 'J

were ch'ariltte};~sed by pollen grains lar~er tban thoSe~ of the native

grasses, this was n6't apparent in the samples.
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1. Of the anemophi1 ous native taxe occurring in the PWV, ,grass

was most closely correlated with the vegetation. Entonopht lous

tree taxa were also weH correlated with the vegetatiM,
\)

even though their low numbers made them IJ\ppear less significant.

It is possible that this was an artefact of the CA, ard th~t
c

together with g\"(Asses, they were in fact veV'y sensitive
indicators of the vegetation.

li2:. A~emophi1ous tree ~a)\a were seriously over··represented~ due
n .. ~

to the large nurfihersof pollen that were produced by these
o

',i taxa, ral ative to the number of 'trees.

3. Entomophilous non~arboreal taKa were alsoover ..represented~

since the ~mount of pollen pr(lciuced was disproportionate to

the ,-,sma11 s1 ze of these taxe,

4.. These mis~epresentations indicated that pollen \!Jas ~ot

an aCi"ura.te reflection of the vegetation in the pre...
"dominant grass.l ands of the study area, if the pot len

spectrum was considered 'in its anMrety.
, (,

(J 5. In addition, surf~ce and sub$urface pollen samples did not
\, 0

match 'ltmospheric samples. This was coupled to il1ter"site

differe·l1ces in pollen pr.oducti on. It is suggested that

o
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unre1iability of rainfall and possibly a link to the so-called

\vet"'tJ.nd..dry decadal cycles were the major cause of these

d'j screpenc ies •

o

6. There was 3 large presence of alien pollen in al't2Jtmospheric

$alllph~s~ indicating current altered land-use practices.

Such pOI~1en was almost tot ally absent from the soil samples,

so that it was not possibl~ to extrapolate past changes 11"1

land-use4

.JJ

u

C'

p "
I~

1)
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Chapter 6

Summary anti t:.mclusioi1$

"A two··year ana1ysis of tt!~ airspora, composed orr pollen and fungal

spores, was conducted in the Pretoria~Johannesburg-vereeriiging

di St.)"i' ,:~ of. the Transvaal~, #0uth Africa. The study investigated

varigus aspects. of the \"ciJatiopship between pollen and vegetation.

Meteorological and longer ..term "Ctliflatic factors, and their influence
,',

on the a;rspOl"a~ "were examined. Atrrlospheric and sot l-der-tved
Ir

pollen was compar~d to estahHsh the ;eJiabilit;y of palaeoeolJiY'ort1':'
,)

mer.tJ 1 cone1 ustcns, Poll en, as," an indi ca·tQr'Qf. J and-use "patterns,
{ , .".,'._

~,~ J

was ex,aminep. The p'otent;al).11erge!li,~ity o( the airspora" was
invast \.gated.

(1

o
The ve9F!tatiQ,n of the, .study area is predominantly grassland of the

()

Bankenve1d, mergi n9 wi th th~ ~ouY'ish Mixed Bush;Je1d of the Tropi ern

Bush and Savdnna Type 'in ,the northern 1imits of the study area
o

{Acocl<s 1975}. Eleven sampling stations wereJocated within this
o

area.

f)

Alrspora ,,data wer'a COn~cted;'by two methcos , Yhe fi rs t method was

gravitational, w'ith" samplers located at each of the eleven sampling

sites. The second method em~~oyed two Burkard Seven Day Recording
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Volumetric Spore Traps, sited at two of the sites. Soil was
sampled at each s+te, Meteorological data ir.Jere obtained from the

South African Weather Bureau.
G'

Pollen calendars were constructed for Johannesburg and P.retoria.
V,~rious correlation analyses were conducted, comparing meteorl;llogica1

data to the airspora. Corresponde.hca analysis made both interi"Dd}nd

intra-site comparisDns.

J}

The 'answers to the questions posed at the outset of this study are.
c:

summar; sed bel 0\'1, in the 1ight or fi ndi.ngs to date.

t

L ~Jh~t are the qualitative and quantitative relationships

behteen atrnospherit pollen and local and region'al vegetation?

The predominrmt regional grassland .y~getation was strongly reflected
o

in ~he bigh ~iet~centagedf grass pollen in the atmo.sphere.~ This

taxon .compr~se(152% of the regional.po11en total.
lW': .. ,~ -;'

Native tf~es were poorly represented in the pollen sp~ctrum. This

was partly due to the lack of trees in the natural. vegetation and

partly due to the greater entomophily among native tree taxa.

However~ the· few enemopht Ious tv'ee tuxa \hat did occur showed
o

regional quantitatiVe differences in pollen. This reflected

differences between the 'J6getah'on and climate of Joharfnesburg and
o Pretoria.

The quantitative relationships between pollen and vegetation were
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super'imposed on the above qualitati Ve ral attcnshtps, Only grass

pollen and insect-pollinated tree pollen were round to be correlated

with veget?tion. ~1;nd..pol l lneted trees were seriously over-

represented in atmospher iC sarnpl as due to the' 1a\"ge numbers of

pcl l en produced by these taxa, relative. to the number of trees.
(\ ,_. ii,

Insect"pollinated non-arboreal taxa were also over-represented; as

the amount of pollen produced was not equivalent to the small size !)

of these taxa.

2. L~hatare the qualitative and quantitative l·e1.ationshi'ps among

the atmospheri C, surface and subsurface ('subfoss i1) . pe11en

samples~(and h(5\'J do these relate to the local and regional

vegetatio)'lI,?
\~

\\

\\ .)" ..Atmospheric~. $urfac~\and sub,:)urrace samples d'id not reflect the
\ "

sam..l'compQsitton acro,.ss ~I)" poll¢r1 spectrum, Wlt..h. ii.tt.,e co.rre~a~ion
Q. mQn9 thes. sampI.s. a\ mgt sues.. Cons1der.b1. inter-s it. ,I

variability was also r~rci)ed. The cause of this vay'iability
" c,

between both samples and s ites was. prnbab ly ~~eunra 1iabil ity of

the rai~fall. This was seen in botK inter",site differences and in

the tnterM(:lonual rainfall anontolies. .The so ..called ~~et~and,;;dry

decadal }"ainfal1 cycles may also have played a tole in the variability

among samples.

As explained above, the net result of the misrepresentation of
.\

atmospheric pollen meant that there was a pt:Qr ral et ionshtp b-:b/een

such pollen and vegetation, if the entire pollen specti~um was
Jt

considered. If only cert atn selected oategorie~ ,were~~~bn~\idererh the
\\

(!
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re 1ati onshi p became more nl 111 ngfu 1.. Tll~ 1aek or corresponderrce
.;}

between atmoslflleri c and soil samples meant that any postul ated

relationship between,,,1;he latter and vegetation \\fdS even more

t~auous,

3 HQIJJcan the atmosph~ri c. surface and subsurface samp1as be

used to reconstruct palaeoclimates?

Given the above limitations, an analysis of a fossilised ponen
sequence in this regi.or\ would be exceedingly complicated. The

atmospheric pollen did not accurately r·eflect the vegetation$ and

the soil samples were not consistent with the atmospheric samples.
),' t

If the currant flnomolies hl'ld been consistent over t'ime, a fossi.liseti

assemblage would not i:fccu~ately reflf::ct the atmos'p)~eric ,component.

In addition an interpretation ·tif the vegetation would be difficu)t.

Entomophilous ta,~a would have to be treated" cautiously as th"ey VJou1d

reflect "only ex~melY local i"sed vegetation. Anemoph11ous trees

would "be seriou<'.1y over.,represented. The most; favourabl El

""interpr'etation would p(lSSib;t¥ be made by considering only grass

and entomophi1 ous' trees t and by treat ing other taxe ctrcumspect ly.

4. \~hat role eto metorological factors play in conci:!ntration

and distrtblltion of pollen rain~ and what effect does this

have on the interpretati on of poll en rai n?
o

Temperature was the most important meteorological factQr controlltng

both concentration and distrfbution of grass pollen, with a

positive relationship. A positive Y'elatiol1ship was also seen
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between spring rain and summer grass pollen.

t:

Considerable variation was seen between grilSS PQH~n in Johannesburg

am,!Pret~:;l a~ As meteoro 1~F1r.a1 fufors between the two. ci ti as
1/ " ;

cOl~related Idghly it \'10:"~u9gested that \,'\~ mlfiv!~ grasses of the

two' d;fferen~\.~.~~.9.etFf(:,ion reg;hms wete responding dHferentl,Y to the,
~\\ 1"\

differ\?rlt ()~l1gl~~~t'm,,~l'imutic condtttons of cH.i~;S.
- U H

In ~'Hwminingr]the t~ela{.:iot1ship b~tW!i!efl,fuYl~lt!ll spores ilfld me'~ecwologi

factors "it was found that fungal spores respondc7d more fi neIv th~n

stat \ens .il

\IJaS i111~strated b,Ytho {ligh pel'centrlfJe of nlien ttuW 'in the
,}

, o ~ (i

atmosph(~ric ponen $;amplfl~. In the c'ity, al 'ien ponoo" accolmted
" " " . 0 l'l"" (}

foy' 51% of tot.a 1 po H en. rhi;;; pI.H·cei'\~4)ge decr(ftsed &\'1uy'from the

city~ but ~vefl ;0 ~-ural srees alien po,pen acceunted for '~lmbs1
i' J o \1.

19% of totul p(lflel'l. This itftiicaterl the t~)(ten1.to willeh nct~ir
c

;,eget:aticm has ber!)i1replaced oy alien vo:getat'ion. HoweveY\"the
o

above observtlt ions on the ov~~r'N~~epl~esentut'j011 trf flati V{l anel1JPphi 10uS',
'«

ty JO: tal{(l caut+on against over-zeatous interpretution of the hi~h

t1utl'ihc\"or alien pollen, ;1~fe the ,majority of these ta~a were 0.1so

anemoplri 1OUS •
ii

Finally. the al1ergenicity of the airspora was considered. It
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"

""

w€ts concluded t!Hrt thl.r'e wete sev~r.al J)roplem areas. First,
'1

c,)

highly a'l1erg(miC (!Jl"ilSS pollen was the lnrgest component of tht2,

pon~rl spectrulllt comprising 52~bof tht?',Y1egional totaL ihe second

problem was the/tdgh pollen count in the spr>ing$,attr,4b13table to \\"
Ii

the allergen-Ie il!lO(·'thernh(~misphere tsxa.
I

pollpn r.ount;;\.'J~(s nOnM$eil$~nait and pt";'sfmt

o

Thil"d, 58.8% of'1;ht,;; total""

tl'U~oughoLl\t:'th~ year.

Last ly ~ fungal \~pore5' compt"ised 94~; of totq 1 ai rspcra.
(~)

The

ma~joi"ity ()t' thes~ were,also highly allergenic, and rscov'ded
Q

II
t::;., .. ,.

\) :-&'j
thrOll'lnout th,O, year w'lth pets in late stJlillllet' and autumn.
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APpendix Sa negressti~ of g,'ass pollen on· i••teo,.l 09i cal vori.b hs j n Pretei'I a, 1987-1988.

1I~i;~1~ik:ii~~i'.·J--~~::i:~~f.;~;;·nin p,'::~a'-~:~i~;:~~t£
\

0 II
R,.squared: Q,:526;~IO' i) Adjusted: .51257 r,1SE: 4.83206 il d.f.: 69

Variabl~s in Model i,pl'Jeff.. F...Remcve; Variables Not in MOdei p~~orr. F··Erlter
__ ""'~"'I~_""•.~'k'~4i!iIl~"~~"""_~~""""""'~'~~\,"",~~""""~",~_ .•";",,,,,~

\'" co; " , ' " ' ":j,' ' , ./'

8. MPTA.Wndsp14 :~G.•93863 10.4212 2. t~prA.:'r'lt14 .0014 .0001
u. MPTA.~1i,'T 1;0.4105.3 87.1943 3. MPTA.,'at20 .0020 ",.0003

Ii 7. t4PTA¥Hndsp8 .CfJ48 .0148
'1 14. MPTA.Rdnclffs •.0238 .0387

';'1

r.r 5. MPTA•."hilt14 .0271' .0499
I' 6. ~1PTA.·h~,t20 .O~8a .1015

4. r~PTA. "hnt8 .OB39 .4824-
12. t~PTA.~ain .0,876 .5253
1. A:MPTA.f)atS .0893 .5472
10. MPTA.~axT .1062 .7752
9. MPTA.IJndsp20 .1277 1.1267

15. MPTA.Sunhrs .1342 1.2.469
~1odel fitting results felt grass pollen in Pretoria

,~, ..~- ...~ ~~''''''''~''';''''''''''''.'t''''''''''''~~~~i''''.ol' -_Ib'+-.-.ww.~~"",-;n*f~~ fro
Independent variable ',. coefficient std. e\~rot t..value s;.g.lelfel

_,.~ ......, toi~~~_··"_·_'_'_;J_'¢"I'tI_'_"·'·_' '''~_~.!I"'''''_''''''; ~~~~~. ~ _

CONSTANT 2.402838 0.945517 2.5413 0.0133
MPTA.t-Jndsp14 "0.938532 0.290762 -3.2292 0.0019
MP1A,MinT 'i 0.410533 0.050082 8.1972 0.0000

'~~~~""'~~~~~~_'._": ' ~b"" "" .. io· ~ _ _......~ 04 ";'i __'~.f!i~ ~~1f

R"SQ. (ADJ.) ;'l 0.5126 SI:: .~ 2.198195 f4AE::: 1.655042 DurbUtrt::
Prev; QUS ly: 0 . [)l2G 2. 198195 1.655042
7't. obseY'vations fittecl, foree'" ~\)) computed for Q firi~sin~} val. of dep. var ,
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Residual pilot of grass pollen in Pretoria
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Step~se se Iect ion for spores in Pretor'ia
n~,~re seas := seasonal indicatotl

"<,,,,~~~,~~.,_, __ j'_·;;'·_~_~_"'~"·__'i _, ,__",w~ '. ", _',_'" .• ,"'" ,'., ._,' "- ~~_' ....... _.I!~_.f~ __M,_. _"'"OiI_,' ...... li, .. '~~~

"-~
~';,~{lximum steps: 500Step: 2

Ar,ijtlsted: ~55835' '\, ~1SE:"721.916

SelE;{:tion: Forwi,U"d"
Cor.t~'t\!: Automat ic
R~squared: ;'57079

Variables in MQ,del ;,Coe'ff~ F"Remov,~,....... ~,~~" ~, .... I_' __ ' \(_. • ~~ ............... ~
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Regression of spores on meteorological variables in PretoriaJl 1987 ...1988 •
o ,,)

P.(;orr •
12. MPTA.Rain
16. A:INDP.seas fl.45927 9.1037

59.9457 87.5367
.0220
.0441
.0907
~.l104
.11::33
• 1312
.1393
.1632
• 1715

"".1731
.1835
.1891

4~ MPTA.t'het8
6,- MPTA.rh(it20
5. MPTA.rhat14

15. ~1PTA.S.unhrs
9. ~1PTA.Wndsp20
7. t~PTA.Wndspa
14. MPTA.Rdndffs
3. MPIA.Pat20
1. A11~pt'A.P,atS

~ 13. MPTA.Rdnglbl
'2. MPTA.Pat14
11. MPTA.MinT,:\

i~~\,-_(l " Model f'itting results for spores in Preto,,_r,in
\~,~\, ;~ .

~·~·,tr!~,~~-~-·.--··,..,.",...-,·· ............--!~ If ~ ... -- !t

~ly)de.pend~nt va\~iable coefficient

n

a

F..to-ent!).r: 4.00
F...tC)..remo\'e~ 4.00

dJ.! 69
-:i

.0380

.1364.Se37
•a:;!lg
• Sl345

2 1.1~091.~46G
l.M142.0594
2~r)99i "
2.3706 v

210204 a
.:?

----------_..-....."'-"' .....-. --------- ----------------------~-----------.~~~--~-.--6.3106
3.0172
9.3561

CONSTANT
MfiTA-, RainA:!NDP.sens

35.241888
0.459269

59.945699
5.584578
0.152215
6.40715\7

sig,level

c.OQoa
0.0836f).OOOO_______ ~~ -- ~.,_J.~ --._~..~~_~._.~_~__• ~~ ~_~_" _

R';'SQ. (ADJ.) .:::0.5584 SE::: 26.868502 MAE= 20. 468218 Ourbt~at:;:
Previously: 0.4603 5770 011172 4198 060010 II

72 observations fitted, forecast{S) co~puted fell' 0 missfn9 v'hi. -of dep. var. \\
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Residual p10t of spores in Pretoria
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R~{wessi<mof grass pollen on meteorological \liiriabl~s in ,lohann~sburgll 1987..1988"
. . V"

Stepwise select"io/>. for grass po'l1en in Johannesburg. ....._,. --.::~~:~: t:rgy's ;: sea~~a,l i~d~c~~od" .__ ..__ -.-_".... " ,,"\j

Select jon: Forward ~[ Ximusm ste~::l: 500 F~t~'~,3t:..I!\,~nnl'otev~":~:,Oo·'.oO
C!JrItro I: Autoillati c ".l lIil tep!:) IJ '.. '" <+.

R··squared! •4884S AdjUsted:1il\l i46591 MSf: 5.11586 d.f.: 6~"

~~:~'~ii/~del:::::~3-~;~:~!~_....~~~ci~~~;h:::_:_~~~~_~f~~:~;-.-to

15. n~1JS.Sul1blkS 0.66270 10.1 \ 1 ' 1. A~~1JS.Pata " .'bS2t:.'u, .1825
16. A:INOJS.testgrs 3.31751 30.96\\\7 2."MJS.Ptit14 .1O!:1~; .1544

,,~(,-!f 3',\ 1v1dS.Pat~0 .1"396 1.33rl 0
6. f4JS.rbat20 .1425 1.3895 '"

," 7. NJS.Wndsp8, .1705 2.0060
8", MJS.Wl1dsp't4 .1806 2.2585
13. Md~,.Rdnglbl .1'927 2.5830)
10. MJS.MaKT •H3'37 2,6122
14~ MJS.Rdndffs .1970 2.7061
11. MJ!i.~1inT .1978" 2.7289

')' 5. MJS.rnat14 0 .2031 2.8821
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Mode1 fitti n9 rasu 1ts 'fOt' grass poHen in J0hannesb~r9---~~~~~ ~
Independent vari ab1e coeff'ici ant sig.level "std. error~~~"""';"o--"';---"")""',__ -~~~~~~"""II:._"""""_'_' '!;"''!~'''''''__ 'Iio""""",..- __ ~ __ ~_.. """,;~_·.,. .._,"_.~~!toi.~~_~~*~
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R...S(~. (ADJ.) ~c'li 0.46,59 "SE:; 2.:!Q1828 Ml>'E~ 1.572447
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Residuc.;1 plot of gV'ass pollen in "l,hanoesburg
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RegrC:lsSiOl1 'Of spor~s on metet.'n·Ql~~9i_cal vQi'l~tlles in .1ohitilfiesb~lf'n.. 1981··4:)88.

c

St,eptvi se!is~l ect ton fay' SP{)V!~S in ~lohannesbur!J -:
{whel~e sees > "S,G8S0na'I inoice,tcw}

S;;;;tfu~;'''F;,~~;:;;---;'~{-''-''-'r1~'~i~;;1~""':-P's-"':""""-50-0-'--"---~-'~"-~~-~~~:Or)
Control: Automatic I' " Step:, 3 ' 0 J. to''''Y''(:2movl':: 4.(10
~ ~ ,

R..squared: .79578 Adj~lsted: .78671 MSfr: P44l84 d.f.: sa;;
Variables in Model CMff. F~RefiJ()ve Vo.riables Not in Model

~~~;~~~~~~~."'~.1 '~ij~IiI\tI~~.,., •.f~'i"""'~ri~_'P\li:io<_U"*",,,.,31 ..... i~._,,",._,_oI __....._;j_,-I(l~... ~ .. ,t'tr~~~~'"~~~~~~Oy!o;;I!>lIi

3. r4JS.PattO "'1.44140 5.12.15 "l(. Iv1aS.rat8
9. 't>ihJS.\vndsp20 ..3.94610 J2.J463 riO. MJS,~Hnr

1~. JSPS..seas", 42~11?4 170.8619 ,/ 2. M\}$.Pat14
, 13:. J~~JS.f1clnglbl

6. MJS.rhat2Q1,... r,1JS.f4aJ(T
12. MJS.Rain
4. t>1JS.rhat8

15. ~lJS.SUl1hl~S
8. NJS.Hnosp14
5. ~MS.j"hat14
7. 'MJS. L11'ldspS

••0223
.•0325
.0428

;, .3924",,,
•714l~ \\
.81,68,' .~,.9262 \

1.1348 ;/'
1.J 9SG
l' .. 20.\17
1~2099
1 ...6129

t40de1 fitti ng rssul 'cs fat,(j $pntes in Joonxmesburg
~". . ',. ., "~

"-#~~~~~'~~~i\l~~~~~~~~~_'M~.

Inde.pend(mt vuv'ioble . coefficient \ std. error" "t··value" . 5;9 "
~"'~""IUW~~~'tt~~~~"'~~~I~~""_'~~,,.~: "',
CONSTANT 1213.53411 505.72.1.:256 ,/ 2.3~)96 0.0192
~J1JS.Pat2D "1.441:396 O.60479 ...? 3932 O.019!}
MJS.14t1dsp20 ..3.946105 j .132262 ..3 ..48152 0.0009
JS~;§.$cas 42.112373,,3.221715 13.0114 0.0(100

~~~"~- "~~"'~~~~litI'!I""'~itOI..". ... ~~".Jt~~~~~Iiti>o=!t~",~Jllfu~.

'ir< ...SQ. (MJ.l:!: 0.7868 SE;: :0.685619 NAE~ 8 ..826908 '
Previous ly: 0.0000 0.000000. 0.000000n bbsm'vatian't fitted~ forecUst(S) comput(;lQ for 0 missing, val , of clap. var ,
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factors., at ~oi1ij\mn~sbur9and Pretoria,
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~(~fhl1umtempev'ature
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Pressure at ShOO
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0" 19
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"Relative humidity at 14hOO
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r.!t'OSs"c~)"~lati()n analysis of atrspora

and Meteorological factors
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(each lag
c.

t 10 days~ so that I)

lag 0 1::1 present time
Lag 1 ~ 10 days hence
Lag ...J = 10 days ago, etc,

and where Estimate :::cotrelat~n coefficient of the
airspora with meteorological

(~ factor at specified Lag;
o c\

a p]ot Of the numer.ice 1 data is shown below each
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Appendix 6a \\
Grass pollen and maximumtemperature in JohannesouV'!h
1981...1988 ..

Lag EstimateLag Estimate
\r .-- .........
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..23 .. ~06826 ..22 r ; '11251~19 ..,30074 18 ~.32981
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Appefldix 6b Grass pollen and ratn in Johannesburg1!1981-1988.

()

Lag Estimate Lag Estimate
-24 ~.12488
-20 ~.26572
-'16 ".27791
-12 -.10167
~8 .04938
~4 .26174
o . 3707j'
4 •0469~t
8 '.11..9..6.~.\\..12 ... 2148~
16 -.26754)

\ .20 -.24700
~4 ~.03876

Lag Estimate---- ........---- ..........------~""f!..,.....-_.........-'., ..-.;,..-...-,OM- _ ... __.

-23 -.15873 -22 -.12460
-19 -.26662 'i,~18 ~.23942
~15 ....19682 ..14 - •.18464
~11 .00078 -10 .03050
~1 • 3~P15 ,.,6 .174'.13
-3 .31'602 ..a, .21407
J .35008 2' .18069
5 -.04405 6 .13213
9 -.03538 10 ~.03798
13 -.14651 14 -.25152
17 .20323 18 -.22709
21 .18763 22"' .23420

-21 ·12753
-17 18580
..13 11029
-9 .0£,202
...5 .25836
..1 .36233
3 .13084
7 •265HJ
11 -.22061
15 29796
19 22443
23 -.14324

Lag Estimate

~.,_~ .., ~ ............. • ~ ..... r" --,-,, '~ __ .._'__' ... '.._...._~

f""'<'";/"""""1""""l""""'i"""""''"'t''''1; I 'Pt I r"1" r .-1 f T" j. j f!':"f"~n, ~"'1"-11.
t . " . 'ii. ...." " .. " __ .." :. .. .. ;~, ~

•"",,, ••• :•.:,~.." II,,,•• ~••~'.p " '.u ~••~~~ ,~..I. H••••. " i •'.~'J." *if~ " ~•• ". ~_.~.",~,~~.." (, - .\, •.~.~••• , ...
'" -.'-- .. .•.. II .., \'"

~. . ~
'" ",'. .,
.. .. f ;. .... ~

• ,'_'.. \\' If

~ • \', 'i: n: \':~· .· .· .· .· .

i""F."., •.~~ H~~'.'!i··.·"~'•.·" ,J''''- ,.,i"~;'H"""" •• "',~"~"(" " ~ ~' ••• H.~'.

·

., .
.*.:', U"'., ,"', ,.,,: H,,,: H ~".".u'lI'~~"~''''~H '"~.. '.H,·••• ' ; o •••• tU..·;1 ' •• t~~.· .· .

L..: :....... . : :............•·.lr.• : · ·· .. • ·• · · .. • .. • ··:,··
LL-t I! I ,I .•\-!.....J.....Lt...J.1 ! J I ...J-..,~_'!"'.,A;;;...IL....\...,..L..."",,-,
~25 -15 ·j ... 5 5 15 25

Lag (ten...day periods)



Spores and ffl?Ji(lmUm temperature in JoMfme$burg~
1981...1988.

~ ..... ",.,.;.ij

(l Lag "SStj,!nate Lag Estimate Lag Estimate Lag Estimate
~

"'24 ~·.40596 ..2.3 ~.40963 "22 ".35935 -,2" ...~34,972
-20 ~~~13415 ~19 "'.21511 -18 ... 13999 ~17 -.08698
-16 ....04958 -'15 .04110 ~14 .11848 ..;'13 .20480
..12 0,.27311 -11 .35429 "'10 .38203 -9 .41882
-8 .4~160 -7 .551/'$ ~6 .61698 -5 .58601
-4 .,59237 -3 .528@4 ..2 .47813 ~1 .39937
,0 ~,34.l88 1 .27942 2. .'18234 3 .05324
4 ••130l~

t- ...20813 6 -.30425 1 ....38147:>
8 ... 1.1778. 9 ...57831 10 -.62853 ",~ 11 - .61160

12 ....5563 ,13 .. ,50946 14 -.41476 15 ~.32877
16 .... ?,f:j.ll ' 17 ....21985 18 .....13058 '19 -.0278620 ... 00737 21 .08457 22 .11098 23 .21355
24 .27604

" 1
I) .-

.~••....•~...t., .~...... 'f, ~..~., ..~.•"....~h '"!-"'U· .· ,· ., .· .· .· .

. ..9.·..' .~... ,!-' .~~..._.....~.ct"~H••• '.....·~..~•••u.u, .•"...~.~...·,;"••••

'II

25
Lag (terl,...d{lY periods) (J
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Appendi)( Gel

I,? H ::.:__ , ~,,,,,,,W'_, ............, '~... >, ~ .. ~l.

Lag Estimate Lag Estimate Lag Estimate ----~~ ... ...,._ ...__""_._.;M_.u_- __ ·__J"':'_~'Oi--~~

':24 ".26896
..20 ·~.08281
-16 '~19226 .~i

-12 .36542
..8 .22150
..4 .33349
o .17044
4- 24995
8 -.37737
12 ~.33775
16 ". H196020 .J7528
24 .3CH93

-23
-19w15
"''l1..7
~3
1

(, 5
9

13
'17
2.1

-.23795
.00473
.12393
.38382
.27496
.24615
.16473~.36979

... 37964
~.2687~
-.03231
.10997

-21 ".08032
..17 .179$9
-13 .232~
..9 .2099~
·5 .40342\,
..1 .16378 \
3 .-. Hi3l? \
7 ·.36102 \

1
151. -. 373~(6\\ \
. ~.20729
19 .1158°
23 .17637

..22 "~21426
-18 .09428
-14 .J8413
~JO .35063'
"'6 .29810

'-2 .09765
2' .01222

, 6 ... 32317
10 "'.3663814 ...24434
18 .0654322 .18647

1
· .... _..~ _t .. · lit~' .• f~ .............• "~$ ..'_"i!-'·~"~ " ..'t " , .· .

=
,::,\

O.S •• "~.~.",, .. : •• <o '._' .u.,..,·, .•. ~.. ,•...' ....." ... ;,•••iO'f"'~.'..
~0

(I

j) 0

· .• ,," .. ' .. , .... ~•• t •• ",.,,;,~•••.••• , ••• ,. , .h •• " ... ,.~\, .... u,·

~25 15 II 255
Lag (ten ..day peri. ods)
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_.... __ I!' ..,~*~>;#~~#l'""'~~~~~~~~.~""~.

Lag E';timate Lag Estimilt~ Lagl'\ Estimate Laq [stimate
~~~~~~~~~~~''''''~>t~~~~.~
~24 20167 ..23 ~.3l951 w22 \~.3774il ..21 ",.43902
~20 47862 ...t9 .., 51238 -18 ,j;.50427 () -17 ... 47932
.,.15 ~.47252 ",15 -.48078 ..14 ..~37190 ..13 ~.Z6068
~12 ~.1.6150 ~'11 ,•• 0570 I ..10.02469 9 .n,87S
,,13 ..Z;3879 ,·7 02359£) ~6 .3Q7?O ~5 .472.87
..4 942432 :1 .47603 ~2 .49755 -1 .57255
o .63886 {.46756 2 .46507 :3 .44608
4 .31614: 5 .28070 6 .1SOn 1 .0659Q
8 ..• 04217 9 .• 13143 10 - .24147 11~" .26182
12 -~35477 13 ~~44300 14 -~51332 15 -.50961
16 ... 54527 17 54473 18 "'.!lOBS 19 ",*39909
20 ~.29401 21 2~6li5 24 ~.204S6 f~3 ....15r}~n-.04834 ~ 0/}
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"

. ,t, ",'~''t_/.''1te;}11
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·· t'.)

1
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t\llO'":*'~ou." '~~.~' ,'. < ~~ ••• , ."". h un "O.,~·" .1'; •."' ••.• ,. .
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i~

GraSs"polle;n and rain hH"rctori a, 1981...HJ88 ~

Lag Estimate t.il9 Estimate Las Est~matc
L

lag £st'imate

-24 ... 21588 ··23 ~.2:16B ..22 ".18619 ...21
020 0 ... 30658 ..19 -.30148 ~18 ...30892 ..17
-rs ~.25nO ..15 ~.14815 ..14 ~.13591 1"~ ;)

.,,12 ... -06£119 ~ll -.05399 ..10 ' .01371 ..9
.1']3 .39876 ..7 .33595 ...6 .37680 ...5
...4 e 37844 -3 .19110 .. 2; .30602 ..1
P .32182 1 .16146 2 .11714 :3
4 • 13913 5, .15979 6 .06909' 7
a ~.039S7 9 ".14125 10 "'.19628 11
12 -.205fil U ... 26831 14 ... .36273 '.'. 15

I) 16) ... 25141 11 ... Z3Soa 18 .30209 19..
flO -.2223g 21 ~_122f)O 22 •00674 23
24 ~401 no

....25591

... 25219

... 09622
.0::1880
.22380
.23975
.12888.

';",04223'
"'~t344S
... 25639
'·.26932
... 03313l?

1

rr~-y-t-r-:(-~'-r-~~ .
,.....n.·.. ..*~,.·~.4 .. t~H •.• ,. ~,." .., ..~1•..•!.~n..~l"'U'~.O.<I"t1I~.,~,.n,u".""t.,U.'''.~.....u.'~''~

" .

0.5
o '

~1.,~,.··" .... r.~" •••.~•.•'.. ".,>, •• *' ......t\,:~, ••·;,·*~j.."'·., H .... t .. ,~~.<~•.•~ ····"·"'···'" ••••••• ·.u~...~•.••.,, .• ,.•• ,~.~u_

, f;

"'~If~il
; {' : 0 ~

~"""-~......_J,...,..J-l- .•,..,..}~.L,I.,.J-.;..;.J.j~~~_'
'·2~

.,.15 ..5 5 15 25
Lag (t~n..day periQds\
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Lag Estimate C La:l . Estimate
~' """""_""_h_.·' .. ·__.-_~;(;foi<_.n"'_;--,.-_-iUo"'O!I'~:"'''_-i""""~:Jf_.--'7:'- ~~ .........~--.w~

Lag t:;timate L1:I9 Estimflte
w24 ~.44198 "2~ "'.409.48 -22 ~.434i4
",20 ~.3i962 ~19 -.236B3 ..lS -.17~m5
-rs ~.O215.3 ~H;' .04·807 ~14 • 14S29
w 12 •28655 ..11 .33971 -ic .33033
,..8 .43562 ··7 ~49582 -6 .49759
n4 .43'~6 .45129 ~2 .36003
0 .3106:3 1 .22539 2 .?,O~)23
4 .()33Q~ I) ..... 12173 s .. • 19806
8 ".252f)Q 9 ..... "3335, 10 ".47141
12 ... '48257 13 ....407t18 UJ. .••41900
16 ... •3ilO~! H ";'.37322 18 ~.2.8921 c \\'

20 ".04710 21 .Q52H7 2? .02837~-,e;.24 .09279

1
LI

. -

0.5

...45244
~.m)759·
).23012
~j6f38
.43869
.32436
.11580

7 ... 25044
n ".4938S
15 40411
19 17'702

.0032,!f

..21
~1.7
~13
..9

.
....... ,\1 ", .... ioI.·,"~••jo'~.""~."'·''''''''''''~.

..5 5 15
l.i\9 (tell..du~)Jer·iodS)
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Input,
33 4 C 2

o Output
1 0,,1 1 1
ColumnsA,S~C~V
\~~emplate

c- "1111
Gr(loh$
12002 33,11Data

o

C'

o

o

o

Ci

o

lq 0'.08152p
2 0.Q2.6427
3 O.an~H8

68.35%
2~. 115%
~.49)b

a
0.119272
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Site 4.
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a o
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/l Lf·

Inpui'
23 4' o 2
Output
1 1 1 1Co1umns
A~S~Cu\l" I1i~1llte
Granhs
12002 33n
[);';1td
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Outeut 1
1 "f 1
Columrrs
A,S~C~N
Tem~';1ate
1111
~r(lphs

" 12002 3~11
O~rl;a

i

o

Q

o

o

-186-

o

500
, 0
980 c

o
,0,
o
o
o
0"
(}

1870·
1000,

I)
o
o o
() ,~

o
DO 0

o
1760o

o
o

93870

G

14
o

" ()
% 0

o
'ij) 0

0'o
o
S

25
596

o
1

70
5
o

90
16 '?
90
1
o
0099084
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o
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"Row Contributions

o

h' 1 1NAME I~LI ,MAS I~R"~Ir-'·•••--~••-1<-!:1-.-C-O-R--CT-.R-:l,....r~-. ;""((-""2-.-C-.oR"cf;:"
---nn" r...,---,_.·..._..·-"""":Ir--·-------rI'~i- .........,.__..............----

1.'\:)' .•1 920 5 54! ..1118 918 82 'I 4g,\\ 2. 0
2. I ''6 I 996 11 272 I ..1126 993 444 I 95' 3. .2
:3., ... it I 991 '11 92 I \\329 111 17 r 927 880 230
,~;,L..~::~!l I '~96 0 6 I -1726 993 ':9 I 95 3 0
$ r' 14 r 996 0 3 I -1726 993 5 I 95 3 0
6 I 20 I '996 1 31 { -1726 993 50 I 95 J 0
7. I 22 I 996 0 6 I w 1726 993 9 I 95 (I 3 0
8. f 24 I 996 '4 .. 97 I ..1726 993 158" 95 3 ~
9 d" 28 i 996 (; <\; 3 I ~1726 993 5 I 95 .3 0

JO,I 30 I 941 4 1')7] f 43'1 ,;84 11 I ,,1381 863 l8an
o rt I 32 ! 7.&4 . 17 .48 I ..206 124 10! 480 671 9H/
.1·2"I 33 I 96~). 11 1'0 I ~2Hi 443 7 J 234 522.. i4
13 I 35 I 996 0 6. I -1126 993 9, { ,95 3 0
14 I.,~i9 1 952 0 6! G86 "162 r 1 151&0791 12
15 ''I 3~ ! 1)28 5" 67 1 '331 '63 7 1 123,2 865 163
·16 t' 41 I 934 1 .' 9 I 25,1 37 1 I 1232 ,897 c,22
17,<I ,44 ! 950. 1 "i21 I 443 ;;,'.86 l! 1401 863 51
18 i 47 1978 5 '70 I ~.t259 939 108 t ..256 39 8
HI, I !l9 I 57.3 0 1 I II 58S 114 'Dd ~1113 4,58 1
20 r "50 I an 17 53 I ~70 13 1 »1 561 864: 129
21 I '51 I 952 0 6 I J58.6 1'62 1! Hila 791 12

Q ,,22 1 . 5~} I 956 o 6. 1 687 157 1 I 1547" 798. 13
23 1 ',.53 I .996 ,~, 22 J ,,1726. 993 3.6 I 95.·, 3 (j
)~4 I 55 ~ L 995)@g 37:, 46 419 2(; I ~.54 576 61

1.1 ,,; . ,at i
~_~),..,,*,,,~'''''_''''. #'d.~' .....' -- ........ --......._......,._--

!?;i'i)~~~:i
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"Append-lx' 7

Input25 4 0 2
Output "
1 1 1 1 1
ColumnsA,S,C,V
T~mp1ate
111J
~~~~s
Data
'1
5"'

o '" 7
14
20
24
30:';;.:
31 -:
32
33 "
3536
38
4,0
43
44
45 0

4648
4,9
50
51
52 ",053
55

3;'11

823
2789
594
46

tH2
1326
320

1006
3292
1143c

183
'10
91

,,046
o
U
91
o
o

46
2881

o
46

183
84672

0. ,~,

"
70

1150o
o
o

9?:0
o
o

4060
)960- 0

o
oo

" 0o
o

n 0
()
o

1990, 0
980

o
~8S60

'" -18.8-

90
i970o

0'
2083
1130

Q
o

4450
1250

o
83 "500

200
,300
300

o
500
100
100\'

2083
o

650o
84210

Inertias and percentages ~1f"inerti a co?

14o
o
o
o
o
o
0.,

1420
lO6-~o

1
1
1
2
3o
1
'2
6

'1420
2
2o

96064
CJ

Q \.

r 0.032348 45.27%,
2 0.031345" 43.86%3 0.007769 10.87%

Hr tnr tttrut ttt (tH en ccC[[[[en [[CEUEttr ct [[['t
[[ltt unut tCC[[[[[HU HIe[[[[[[E([ trt tt t tut [
[ELHn ([['\1:( I)" "

\_> { rs

0.071462
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Site 6 (continued).

Rm'VContributions
'.) ~r NAMEI QLT~MAS INR1 k=1 ~OR 6"R.l k=2 COR eTR, .. '\,( '"'r I . _..-- ..", -

1, I 1 r 997 2,· 62 I 880 435 60 i ~1000 562 79
2. I 6 I 972 15 101 I 671 925 206 I ~152 47 11
3.J 7 I 990 1 ~2 ,J 1042 362 50 I ..1373" 628 89
4 1 14 I 990 ,0 !>\ I ·1042 362 4 I -1373 628 7
5! 20 I 944 6 166 I 911 438 160, I 980 506 191
Jf I,l' 24 I 813 8 43 I 540 a09 76~'1 ";35 3 0
7 I, 30 I 99,Q 1 34 I 1042 362 27 I -1373 628 48
8 I 31 I 9$~ 3 106 I 1042 362 84 I "1373 628 15.1
QI 32 1616 33 581 232 432 SS I 151 184 '24
YO I 33 1 64 14 13 I ~52 39 '1 I 42 25 1
11' I 35\\ I 990 0,' 19'1 1042 362 15 I -1373 628 27
J2 I 36 I 945 0, 0 7 I 87·9 357 6 I 1129 589 10 ')"
13 If 38 r 945 lJr, 40 I 906 421 38 1_ 1010 523 48 II

14 I 40 1 940 ')0 15 I 906 466 /i'lt; J. 914 475 16
15 J 43 I 956 1 31 I. 871 257 18 I 1435 699 50'

°H5 I 44 I 955 1 31 r ".864· 256 17 I 1430 700 49
17 '1 45 I 99C 0 10 I 1042 362 8 I .. 1373 628 14
18. I 46 I ~57 ] 52 I 881 2t:lO 30 i J 44£ 69.7 B3
19 I 4g I 952 "0 10 I 842 249 6 I 1414 703 16
20 I 49 1".902 0 6!~, 845' 649 a I 530 254 3 (J
2J t 50 .'1,956 21 18 III 211 723 29 J • 12Q 23.3 10
22 I 51 I S9Q. 0 u OJ ...133S" <592 0 1 ~145" 1 0
23.1 '52 1"3~a A? 57 I 23 1 0 1 5'64 329 ~3
24 I '!is ,I 9'90 0 19 I 1('4;( 362 H}, r .1)1373 628 27.-
.2S I 5.5 I 916 885 ,>36 I ~51 904 71 I ,·6 11 1

~"I "'~). --1......,...." -.,;.:1..._... _
\

Co1umf'l Contri buM otis

J r'NAME;1~MA~·.'iNRJ··"-k~1'~;;·-~OR. ··CTRwM

r.~' .. t···f -='1 4.~~.·"-*~"'i"""-_'I--'· ' +";:,~·~~r'__~& ... ~"~~m,'.~_A~'1

1 I A I 998 250 330 I 181 372 271 I ..243 625 47'! ~,
2 IS., I 361 250 112., I ...107 356 S8 I 13 " 5 1
,,3 I C I 989 250 32t I 159 176 196.1 256 n3 522

, ti I v I 861 250 236 I ,' ..240 852 444 'I ..26 10 5_. .1., , 1 I _;;_........_........_.'~_"...,.;;1 o _

()



Appendix 7

\\nput
~5 4 0 2
Output
1 1 1 1 1
Columns
A,S,C,V
Template
1111
Graphs"
12002 ~3311
Data
1 3520
6 5085
7 34330

..20 869
22 43
24 2347
28 391
30 8732 2521
33 1217
i.4 0 f'

35 0
36 0p7 43
38 348
39 ., 0
40 . 174
44 8746 4347 43
49 174
50 1608
52 217
53 435
55 77314

SH.e 1.

-190-

1130
59301920

oo "
1790o

o
1395
930

o
II 0 c-

930
o
o
D2C}O
0,
o
o
o

465
270a

84949
() Inert; as ,and pereentag'es ofd nertia

0.054207 66. 76~~
0.020183 24.86%o.00681'~n,-) 8.39%
_. - . ",,""_ ,J

0.081202'"/

71
o
o
o
'0".o.tl,
0"\

1957
10
a
1o
8
4'

410
5
3
2

28
932
1
296558

o
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Site i (cCintinuedl'~

~J NAME r QLT MAS INRI' (I k=l' COR~' .~TR '11•'-' k::2 c.~#))c.TR1. .J,. II--.~,-, •....or•• !,--".;;,..,_ ...._,-_·_··_, ..·........'-..;.r-...·_· _-- ......--_""'---, ... (I -

1 h 1 f\ 899 q 9 119 i 684 894 160 I 52. 81' 2.
, Z I 6 f 957 40 168 i 477 665 168 I -316 292 i98
,3 I 7 1960 .. 21 103 I 613 932 144 I ..lor 28 12
l! I 20., I 991 2. so I 1289 554 67 I 1145 437 141
5 I 22 I 99,1 0 4 I 1289 554 3 i 1'145 4:7 7
s I 24 I 843 13 74 I 626 854 93 I -29 \' 2 1
7 f 28 1 991 1 36 I 1289 55.1 30 I 1145 437 63
8,1 '30 I 991 a 8 I 1289 554 7 I U{+5 437 r: 14
9 I 32 1 993 '14 73 I 636" 986 108 1 :54 7 2

1,0 I 33 ! 937 12 30 I ..278 371 16 I 344'" 567 67
(/11 I 34 I 996 0 0 1 I -1'509 ,{59 1 I 842 236 1
12 I 35 f 307 41, 46 l 219 17 1 I ..914 290 54
13 I $6 I 867 52' I 68 if 0 I ..1008 86;:; 18(}C
14 I ,.37 I 974 "0 3 I ,,1047 696 3 I 661 ":"zn 3
15 I "38 I 991 1 31 I 1226 532 25 I 1138 u 45St 57
16'1 39 1996 0 0 I -1509 759 0 I 842 236 0
17 I 40 J 519 . 3 6 I' ...199 '294 3 I ....114 eZ6 '5
18 I 44 I SS-l 0 7 I IJ1l37 499 5 I 1129 492 15
19 1 46 I 991 o 4 I 1106 487 3 I "1125 '504 7ao I 47 I 991 0 4 I 1164 510 3 I 1132' 481 7
~1 1 49 I .992 1 13 I .' 901 $97 8 i 1103 595 30
~2 I 50 1 two 10 ',0 1° 225 301 9. I 309 569 47
23! 52 I sas 2 ,. 8 I 451 597 1 I ..364 389 12
24 I 53 I 991 1 40 1 1276 549 33 I 114~"'A41 71
25 I 55 11000 855 70 I ~81 9~'1 '104 I 8'" 9 3

~....;..l .....--,3-.1__' _.,..__ .........._.....J. __ ..........__ ,~l __ --,
~, \',"j'd... ,7

l
/J

(l

",
"Column Contt'ibutiQns
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