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Basldtospore ell"seharge rates by sporophores of !. .@-

nentosue were sÈudled, [n reLatior¡ üo ùhe lnflueneee of llghtr
reJ.atlve humlülüy¡ and. tem¡rerature l.n both the ftel"ú alld, ühe

laboratoryr Ðlseharg;e fates netre reduqed. abruptly ¡vhen reJ.a-

ülv6 hgnlülty !(as r€6uced to approxlnately ?5É uneer üondl*

tlong of, oontÍ.ü¡uous d.arkn+es anð cûnstanü temperatür@* Abovc

?5 tâ 85fr rel.atlve huml.dltyr dlesharse rates $ere not e,ffeeted.

by ehen$es ln relaütve hrr¡cldity' ln darEness anù hlgh reLatlve

humtdlty, d.lseharçe :nateË were hlehly eorrçJ.ateù wlth teup*

esature !n ühe rang;e of 35 tç ?5F. Bhe lntroüuctlon of l'leht

ålsrupted bçth theee relatlc¡rshtps and und.er natural ecnèlttoner

the perlod.lci.ty of; dlecharse ratee was not correJ.ated. wlth ùhe

perlodlo|.Èlee of amy of, llehtr relaËlve huntdlty, of tem¡rer*

ature, but appeered., nevertheleeer to be exog;enouÊ and. nod,lf,led.

by the Xnterastlon of, the above ühree facÈors. Spore d.tseharge

rates ¡ilere nêgatlrely eorrelated wlth llght tnüensltles above

190 f,ü*ot below thls lntenslüy l.lght had no effeet. Ê, þPqen-

loguE elpetrrXaüe4 well on eLouðy ðays when feuperaturêË we?e

moüerate¡ however¡ trts hlgheet raÈes of d[lso;harg€ ooauged

tn the evening houre due to rlslng reiatf.ve humttllty and' d.e=

c3.lnlng lXght lntenslty' Ðteebarge deelXned ln ühe early raornlngl

hours úue to fa3llng ternperatüTêËr å' lgggn$gggg ls consl4ered.

aç chlefly a noetu¡'nal eponrlatorç

i.lrr.,¡:



Ofher faetors sueh as eporophore a7,zet ErowtFr rato¡

and moisture content, and sslL nststi¡re and nuÈrtent eontonf

wefe esara1ned, fn relatlçn to basl.dlospore dlee?rarger Hone of

these facüors were related to ehang;ee 1n gpore d.lsaharge

rates provf"ded thaü all were at a Level for baeld.!.ospore

dlseharge to o6&ü1lr $porophores Tequired at least 180ø $s1É*

ture content Ëo dleahargo epores at optt¡naL ratesr Unee-

plained varlabtllty trn spore dl.eçharge trates ooeurred. Lu

gonlg sporgphosesr

An tn!¡ortant phenonenon observed durlns thls stu4y

rces t,hat the døvelopuontal rate sf the h5rmen$.um wae not tittf*.

forn Ðver tlTe whole surfaoe* Ehle was supported by tnco obser*

vaüloRsl spûreË fro¡a tvEo aåêes of tbe EÉee sporerphors !ü€'re

d.lsoharfged, aÈ dlfferenü ratesr and. æpores frç$ the eame årÊå

of the hymeníun rç6rê d"epoel.ted. ln ülf,ferenf patterne f,ron

hour to trour undàr unlforn eonùJ"t'lons of llghtl tempereüurer

anf, re1atl"ve humldlty,'
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I$gn0ÐÜtTToN

Pçlfpoqqe .Ëgggntgggg Fr. !e a uaJor Ëause of a stand'-

spenlng d!.sçaee ln f,orosts of whlte Ëpr'ucê (ft.qpg €lPupF

{gosnçn} voss} ln sashatehew'an and' I{anl'üoba lwnttney i L9621'-

f8hfs staRü*spentn8 4lËee'ge ls Etrarasterlsed' by paüehee of,

Éead or ôyln$ treee¡ sone of ¡+Ìrlsh hetre þeen wtnd,thrown¡

anð resul.te [n 6.n epsä erea Ln ühe ueua}l.y dense spruçê

stand* fhe f,¡rnggË gfowË ln ühç rçote and^ Þutts of the trees

and^ advænpes slotç}y uBwarðe Oauei.ng a $ever6 whlta-poçket

rct* 9Ìre læportanoe of flr ,lg$qFtogpn a€ e çar¡sel asent ln

the stend*üpen!.ng ålseaße-eoapXes anå the Bathogentefty of

tho orgglttsf,È t¡ae been ühorOu$trïy stud.tred hy Whttneg (Lg6Zt

1g6þr xg6&r and r#6þ1"

P. tonentoe¿.s p¡od'uees annuaL sporophores whlch f,lrst

êppear nÊar dLseaeeù trees ln the stand-openlng area about

the thlrd week of Jul"y st ea$ålg fteke¡ Saska$ehewanr¡ where

the pfe*ÈnË st1¡{!"ea rçere undeftaken* Sporophoree oontlnue to

apFee*: untltr }atæ Septenber or early Oetoberr dependln8; upon

slî.uatLo çoniffi.tloner Ïn the button stage¡ the çÏ¡çrophorÉË ere

tan-so}oreü' þUü hecome ôa3ker as they expend'" A üypl.ca}'

hoal8hy' mäùure epôEöphere has a tonentÕse tiç¡për surf,aee anð

e, wht te hymøn14.1 surfâêËr Whft'ney (196e1 hae suggested' Èhat

ËÌre whlte color sf, the !üåture hyuenlal Burfe'ee f.s probably

d.ue tn the aocumuJ.aËton of basld!.osporee whteh ate whl'Ëe ln
)

äâB#* Otlter *haraÊËerlEü|os of hoalthy eÞonophores [nçluðe
,-::i:.;
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a pÕ?ê surfÊ,s€ ¡qhlch hae unlf'GnaLy sf.aed PÐ"€F' a thlok'r,

whlüe ptlëus &ârginr anü a high spore df.eeharge rate unðËr

sultable envLronmëntaL conditlonsr Hatqne sporophores atr€

nËually sttpttate a¡ld. a?ë al"wey$ etteêhed. by myeellal stra'nd,s

to a d,íseased footl these roots may be np to 3.$ en. belo¡s

the sotrL su?faoer The sporophore süXpe ls nomalLy eenÈralf

alühough lt nay be exoentrlc or lateral ¡rhen the sporophore

srotrs adJaoant to a treer etrrnp or log, Xn ovevunatu,re Époro.i

Þhofes, the hynenlal surfa.oe beeomes brownl thc X¡ores ooaleeoe¡

enù the sBorophore åe usuall,y attaohed by lnsects or other

nlcro-organtsms,r

$poroph*res have heea sbÉerveð Sromlng dtreotly frou

the trunk ûf, a treer or fro!û exBoseö roots, and. they fre*
quently aþpèar ln eof,l wltlsh hae been d.lsÊurbed, ät least oue

yêa,r earller* Dl,eeased roots always oeour nearbyr provldf.ng

a polnü ffom whl"eh the sporophore$ mãy d.etreLolrr Fatüsn and

Sfyren (19?01 ueed str¡orophores Ë.$ boundary lnd.lsatore of, d.!.s-

eased. srées ln thelr etudtes on the develcpnent of, root roü

sausef, by 8. $os,,Fqlo$us Xn pf"ne end. spruee plantatlone 1n

.H!.Éçonstrnr They found, ütrat roo8 tnf,eot3.ons extenðed no f,ur*

ther than three f,eet beyond the Tlnlt of the Xnfeeted area

a* dellneated by the oosurrênce of sperophorêsr

WhLüney (1962) gave Gonvlnolng evldenee ühat root roü

eaused. þy B- ,tg$.En,fiBpg,Ê may' be spread. a$ a consequenae of

roct eörrtacü between heal.thy and. üLseased ttrees. He f,ound,

that the f,ungus does nÈt Brow ln the sot.l and¡ fro¡a thls
loousr tnvade troe rootËr å.tte¡nptf.ng to expla!.n the role of

beså.d.1o*por€Ë l.n ühe epread of the d.l.eeaser he laoeulateê

l:.:r::
I r:,t i:
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baeid.lospóre euspenslons lnto snalX Ëitr&èê roots¡ thereby

$ueceçefull.y eausXng tnfeeüi.on (Ì{hltneyr 1963). Only ¡roundeô

rsots beeane i.nfeotedr The above facts strggest that roots

sust be exposed and wounóed, for basld,lospore lnfeçtlon to
ooouf or that beeld.losÍlores a,re ¡çaæhed thr+ughi:$he soll to
the wouneled, rooüs hy raln. lf,here !"e aleo the poseLblllüy that
sleer squlrrels¡ rabbltß tr other enall snlmals earry basfd.ls*

sporËs anè thus sêrve ee neetors of, g. @ffX&,ÊffiEr fhe growth

habXt of thls organlem- at Ëhe Sround. X,evel would. be cond,uÈitrÊ

to the vartoes methode sf dleeentrnstton oüül.lned.r

$lnce bae!-d.leepores of S* t-Erentosue are oapable of

lntttatlng root trnfectlons fn wounds {ttnttney¡ L963I¡ ühey

nay be a.u lnporÈant feat+r ln ühe sFread, of the dl.seaee¡

stnee Xü would 6eeü that anq 3ôn6*û!.stanee ep:read. of the

fung,us tçoulû requlre the exfstenoe of an al.f*þorne !,nooulu¡n¡

Baa5.dlosps?es of FoneE aqß,&Srtå, (Fr. ) @re' have been showr

to tnXtlate f.nfeetfon of 
'woundeê 

plne rosrùs and, Etuaps (Ê1eh*

bethl T95f¡ Walltsr 1961) and.l vrhlLe f,ers $"nveeti.gatLone have

þeen øerapleted,¡ lü nay be that basfdloslrores a,fe ån lmportent

soürte of lnoËulum tä d.Lseasee cauged. by rooü-#attlng fungl*

thle stud,y we* urrd,erteken prluarfl,y to lnveet!.gate the

lnfLuenoe of relatlve hrr¡nXdltyr temperatürÊ¡ and Ltght on the

rate of Bpo?e ùXdehårete from sBorophores of $r tp,nsiFtqq$s

and,¡ sêæonclartLyr tCI lffiêstlgate those aspeets of sperophOre

åevelopment whlsh na¡r be Fertlnenü to spore ülsehasge* Also¡

the effects of other faot,ore suah ae ral.nfallr eoll. noleüurer

soll nutrlente* as well aç epareplrore sLze, growËhn and nel.s*
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ture Soßtêntr tsëtt€ eXamlned ln nelatlon to spore dl"scher$e'

Llüüle attentXon has beer¡ dlreoted to rel"atlonshlps betueen

sporoplrore d,evelopnent anð 6porê d.lseharge 1,n SasS-dlonyeetes

by oüher" rsofkeïsc $tUd,lee ?fere therefore eondueted' on Sporor

ghore ehara$terlettee ðuch as growth rates, d.evelopnental i'
ata_gssr ånå ofr peeularlttec sf, f.nðlvl.dual eparoBhores ühat

f.nf,luenee spçFe ðls¿hepger Frellslna.ry tnVestlgaÈtrons 1nê1-

tåteê that a *omplex relatlonshlp eãfsted anÕ 1t.'$as ä€êês*

äo,r¡r to eapl.oy þoük¡ fle}d, and, ],abo¡lÊ.tory Xnteetlsatlous to

prúperly lnterpret the lçesÞonse of S* T,?*9Ëtoçlte to lts
*ffifrrr¡Hêfrür There,forÇr FÞþfÇË rcere es1lected, from sporoBhores

matntalned, ündêr a varte.by ôf êttvå1.snüental. oondtülons 1n

both the ff.eÏ.d. anê the laboretcry'

i'.1 ,:.::.
i.i:::-:'1:
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TTfBBASITHE BüPTEW

$tnoe thî,s stud.y ls eonoenred wtth three ¡ua!.n envir*

i1: ':!.-.

oramental facte¡rc¡ XlghÈ, tènperatü?€r a"rrd' relaÊå'çe huntdltyl
snd. thÉlf effeote on spCIre dlsakrarge¡ only those,ref,erenees

pertaldtng to thås aspeøt of spore disehargÞ w[ll þe d.ts*

oussedr åltho¡lgh the repclrt ûeaLs wlttt a Basltllomyeete¡ sonË

1ltsrature ðea]ln$ wlth other grÉîrpg of f,unsf wlLL al.so be

irëtlërçêd. brlefltr einoe ¡nost of the extetlng fnformatLon o¡

the f.nfluence of eytvironmental faetofs 6n ÉIlefê ûleoharga tn

fungl cteatre lcíttr norÌ*8ts8ld.l"omycetegr fhts ?erlêw groups

otasses of ftragf¡ rathet than eûvlrönmental facüerç etnce the

lltenature ûH the Eestðlom¡¡eetes le considereÈ, ln detall',
yEhtle' the llterature f,evlew of tltp non*Ba*ld,Lomyceües le onl.y

ånüenðeå to.glvø +xampï.ee of the rëstr'on*e cf these other fungl

to thelr enaf.ronæentr å eeotlor¡ ts noü ë.evoüed to the FêXar

tlonehlp bçtween aspects of sporophore üeve!.opnent ancl ËptyË

&t,eohargë¡ ås there rûèrê fe¡q referentss to thts toplcr $poro

genaplerg anû sarnp}t.ng have þeen GCIhÊlderoû ln e. seperate eeo*

tl.on for reappnç desorlbed. ln that eeetlçn,

Spore d.lecharee 1n non-Bssld.lonvoeteer

, S¡aong the Phycon¡ireete*¡ ühe fe¡ç eüud.les whloh have bean

reported sh6¡û that the perlodialt!.ee of epore ûloeherge ln
Èhaes fungl årÊ ero6enoïrs and ueuall.y ln reçponse to a Llght
¡Fereafterr relatine hu¡ntülty ¡r1]"l. Þe trefer?ed Ëê es B¡Hr

l_1:.¡: .

l:.' 1:' t':.:
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eÈlsiulua*l Fertodlexüles of spoee dtrsÊherÊle in Eå19þgÃËÊ, EE*

{Eul,lerr 193tFt flovlokar ì Lgtþâ} I åÉËgæÊPgãg tgþ?clna .ûdeÐ

(nttt¡ 19601' .99!$ågÞg1re, eprpqal¡Ls (6ostr ) Srånr & lhtnrs'
snd &gå$.åEÞgIüå rPr¡?rÌp* Eldaa (tallashanr 1969) were Ðâïr*

ðltlsr1eô by lfshtr lar¡rooð (193?) reported tha-t spörÊ d.Xs*

eharge ån ?he d.owny nl.td.ewe was favored by hLgh B,rËr and tü

was ÈÌrle¡ not d,arkneser whleh aceounted. fsr thelr noctprna}

patËe*n ef, 6psrë dl,6oha,rger

Spora dlacharge [n the åseomyoetee hag Þeen Ðstre êxten*

slnelg ç?ud.åeå ùPran spãre d!.eeharge ln t'he Baelðf.omyeeteer

and thts ls Llkely êue ù* the ease wltlr whteh !ûany åeoo¡nyeeües

alay be eul.èureû and,¡ eonÊÈqîrantlyr nanåpulated. $nêer &611.,¡

trolled. c*$d!"Èlone, *lurnal ïJërlodfelties tn respon*e üo. lso*

latecÌ" enxrttrçnuentel faoÈors have often þeen llïuetra.tef, ln

the perltheetal Ascomyeetesr

g,ÈghË hs,e pe'eÈf.vsd. Ëhe Sreaüest attentf.*n ås a EonûLtlon*
:1,n8 faptor ln Èhe perlod.l.øù,ty of, epore dlseharge Ln the Fyren*

omyeetes¿, Fçr examÞler SgsgeggËß tury!#+-? üe Sary åtE*harged.

sT)ût:ee wlth a d.l.urrtal pert odf etüy and htrehçst dt seharge ratôs

ôÉor¡fiFeå rüurf.ns llght pðrtoús {IneoXdr å9ÊEr L933| Pager [93S]r

üor-úarla ftnlesXa {Ë,ohr } ces' & ôe $o{r exhlbJ.tad. a pertodli.

trelËy wlth uaJrl.mum dlechårgê ooottrfing tn the afterta'çn ln

resÍ'onss t'c lle;ht {fngo:.d. end Ðrlngr 195?l lngoXü¡ fgdS}r

and. Ebeersaftons of spore dlsoharse la ååru$#g S,e.Èosê (!fånü* )

Kuntge shswe€ thet a Þerlodletty exlgteû wlth ü€atsltrn d,lE*

rIu eonslderlng thle ancl other Sroups otr funglr En€ fâvxerÍer
ls lnterested-ln the geaeral propeitteE of, LlghÊr 8Ð tlrat
ntudteE d.ça1trr$ solely with L[g]rt qual"tËy sre äst eon*ådçtreelr
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eharge þÊturrlns [n the Xleht perf.ods' However¡ f.n eontln-

ust¡s d.arknece thLe pe¡'lödtÉLty Oeased.¡ i.n&Lcstång¡ ühe ab*

s6neê of an €Rdogenous f,hythn (6at"1aghanr Lg62ìl' f,l.eht a}so

stlsuLated dlesbsrse ln ËEä*#!g naçrPFP?rg AuerÉ?rr (Wallrey

and Ea veyr Lg6?1, 8ålgþglgg ephapqeqpEJryrç Fa!.la. (Ineo}d,,

1965,}¡ enð ln 4so#HÊ¡ug Egr (InsoLå anf, oso¡ 19691.

f,trËht d,oes not always have a stluulatory ef,fect on

6pore dlçoherge Ia the perlühealøl Asooruyoetos and. e¡rotre

d.lseharee ln Daldlnia e,oao,ea!-qåqq (Bolton ex' FF. ) Ces¿ &

ðe l{iit* (Ineoldr f965}n ëgÉSgä,åå feËilåçq}.sFÊ (Jensen} saeç*

anü Hyp.snvlon flreeuu {Fere.) Fr* (IngoLd anå HarshaLlr 19631r

eppeared. tç be suppressed. bg llehË elnoe maxtuun sporÊ d[e*

nlrarge raùes ooeurred at nfshtn EgH&åH*.&g, 9ÊSÊå9S&,9Ë*, Fr.

exhî.b[ted, en endogenous 3hyth& ¡rlüh hlghesË a,sÉoãPoes dfe.

eh*r€rc oeourrlng tn tlre d.arTçneos å.n þoüh f,lefd end l,ebor-4*

üory süuåles (raay end Kranen¡ ï969')Ê F,fÞp,pTlfeP epkrtinésn

Fr" ) FF* aleo showed. a dlurnal, perlçdlatty wl,üh

the darkness (K:rame¡r and Fe&y; X968). Ehe Þ€r!.od.c'

t.cXüy was malnËal.neð ln eonülnuous dErkneger Þut was lees

pronouneed trn oonttrrurous }lghtr Ëeveral- other Ëyrenonuyeeteg

etnd,led by Hadgklse and Hsc'Têy (fp6gl were el.so observed üo

have d"twnal rhythue of Êpore dlsoharge wlth noeturnal Peelre.

Ingold {L9651 su$SeaÈef, that the neeturnaL üÍ,eeharg;c ob-

eef,,veå ln eone Pyrenonyçetee mlght bç due to either a ôXreet

!,nh1þltÍ.on of spßre dtpeharge btr lfght' or tts ettmu'}us þy

Llght wtth a long trnter¡ral between the stfmulug and the max*

l:.+l4rli )
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$ther factors ¡rhtgh have been foUnd. to lnfLuenee spore

ùlschafge by verlüHs Fyrienomyçeüês af€ ra,lnfaLL and BrH. For

exaraple¡ Ingolû (1953, L95?) ettee several. exenples af, d.r:'ought*

tolerant åecougcetes whJ.eh onXy Gondùenee sporê d.Lscharge *vhen

wetüed by ratrn. some of these spêGåes (e.8. Il. ,9gry¡eng¡'4p*1

nnay dleaharge sïttrrçs t"n dry eondltlone uelng Pofsture etoreü

l.n the f?üttinff body' Baínf,altr and htgh Brfir Etlmulated â.soö-

5p0?ç üisohatrËs in Eeefrfrfq e*I,,ïåqen* BrsÊ* l,n the flel*r ênd.

I.abora.tory studles oonflrned. the 'eorrelatlon wlüh H,H, (Iror*

tle anct Kuntsr 1964) r ln ä. ãelles of lrapers by WaXkêyr fiarvey

snü Hof,Ë;Ïrleæ (19684r X$68br an¿ 1969)r ralnfant was ohsçã{r6it

to have the greatesü Xnfluenøe on spüre dt.eehat$e rhythnç

{n some FyrenomyoÈteÉ¡ but tn the!.r gtudlesr BrE, had uo

effeoü on'sporÈ dteeharge undler fiçlû oond'lt1one* Feüuse& 8.9.

stl!Éulaüeå spore ðleeharge ln S. fþfp$X+ {Iuesld' and' HarstralL'

Lg6? lr å f'aot conftiwcil br austtn ç196&a) who found that a

d,rop f.n tlre H*fl. from 95 to 75fi be to an lmnedlatol but tenp-

Ðrary ångreaÊe ln ðtrgcha¡r$ë rate'

t1ùtLe tnfonnatlou l,s avall.aþ,le çn tl¡e eff,eeù of, teunp*

€såturÊ Ën spðre diseherge ln Aseønycetes¡ but Ineslê fX953l

sugigeets ùhat åtrsoharge [e Brobaþly arreeteê la aoet æpeolee

betow S0ç Eowevsr¡ torttre anù K,unts (1963I found Ëhat tenp*

çratuire flu*ÈuaËXr:ns had, no ef,feot ên åscsspo"e dleeltarge tn

g- p*Ilt,'eeng Xn the fteld end BÞo es wef,è releiaseû Èear thê

freealng polntr a}ühougtr 1n Èhe labsraËoryr hlgher teeper*

aturës1 UB tû âÛÇr sttrnulateå epore releeee+ $3rore d,ls6harge

ir.'
i.: r.

Í,; Þl.td-.: ¡
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ln nany Pyr*nomyçeÈes $fi¡Aied by ËoÔgk[ss and ffiarrey (1?69)

?rerê r¡6t â,ffected by tamperatuse flueË¡ratlsns tn fleLd Etudleen

Fem süudles have been underüal{ên Ën Ëhe faotors f,af,tru*

er¡çÈ.ag åseospo?e rçlease tn Ðlsoonyc€üesr Suerlls (}péSl re*

perted ttraü P-eÅÊïPd.eFrfË IçsÊrbçfeti 6rernnen was d.e¡rendent

øn 100ø R*H* for sporo feX.eaee stth $.ßxiuun dlsohar8ê üGGllÍ*

ïln6 a* I?Ër Skt}ting (1969)r süttåylng the säne organl"gu¡

f,qund ttrat rai.nf,a}} !ùhlûh Lagteé fotr sore ühan & hoursr øþ

üempereüu?es f,rop 1? to '25Ç* Sesu[Èeê ln ua,xlmuu êsôôepore

rolease* but gkfl$n6 êåd. not notê the sËrtng rel,atåonshlÞ

!ülth B*Hr that Eoer]"ls repo"teðr

Few sfirdtes *n spore dlaoharga ln Èþre Slrnel TuÞerfeettr"

Ï¡ave ÞÐen ocmpleteüï nosf stud.i.es de*!"Íng rqtth spo36 P¡roélrc*

tlon ln eulturer NeVertheless¡ f!.eld studi.ee have shown that

Ê*H* and ralnfaLt, are f.uportant fpr 6pore d'lsehårge bf so&e

Be&bês6 of thåe 8rÛûp* For exampter FtereðsÈh (x961â) found rr''

the nunnþer of epürës of ##åSh$"qgXEl,.4& Ínfp,Lçe* {$r4' } prtre

ln the aÈuonBhere lEås hl-gher folÏowåsË ¡fetrnfalï¡ Ëfgh n.fi.

auÅ ra[nfaltr were als+ fe.rüÐeble for FItôtre tr*I€Ê.se tn f{f4¡
Sî+If,f;fe. pËã{F+S, taîr (Sarks¿e}e an4 åea$.ç 1961} and- $- F,qtaee

(6*er) $aoo* {$leredåthr $64]¡ tther stuåtes sho¡refl theÈ

l.fght hag ns effeet ÞB Êpore di.saharge ln gr ftP,qFloËE ('Here*

Èlthi r961b)¡ whlle llght was f,avçrable f,or spore dlsoharge

ln .Ê&gSHåË$Hå#. ÊBr (Fad¡rr 1969).
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Snore d.lscharee 1-n Baslêlonysetes.

The experlments repú"teú on 'lry Þul.Ler (1909) we¡re a!06n9

üÏre ft,ret exüenslve etudles of Þael,dlospore dS.seherge, Hqny

öf hls etudtee deelt wlth Fplygop,qå FgÉuåB?BuS l{tohell ê* Far

and he deterulneü the presËv¡ûe of dtaoharged, sporðF ln the

attr around the sponophorê by Ëhe bean sf Ltrght nethod* Êy

thts uothod¡ å oÕnsentrateð beaæ of, l[ght Xraselng througþr a

otsud of, spores rendore them eeaå.Ly rrt eå,þåe* aRd ,ühås erL

abl.ed $u1,Xer Ès estabtlsh severåI retratl.onshþs whf.oh êFß pêrri*

tlment tn, tt¡ts etudy¡ but eone of ¡qhl.sh are hesef"n oontra*

d3.uteå* flls malu premlee ¡ras thaû BT¡çrê åS.aeharge lra.Ë cûÍr-

tå.nuerue ÐÐÉË i"nlttated ø.nd"r provtrdefl the eporolrhore ¡sae suf*

f,lolently uolæt¡ d.lseha:nge oeëurrcd rsgaÌdXeeç of atuoeBhorlc

molsturo oernÈent enct Xlght oond.ltlonsr He observed. thaù åry

atr oeused a æIowør rate of spore fell, but dld not llnk
thl$ wn.th a slor¡otr dÍ.eohargë rs'tör

Bullerr$ esntêntlon that atmos¡ahertc ncLeÈure eønêl*

tlene dei nst af,feot baæf"úlospef,Ë d.leeharge rataa regel.ved

little suÞpprü frCIu traüer ?sefkers* flre nctgture øonüenü of
the aüuos¡rhere hae been shorin Èo be a regulator of, Epore d.le-

+harge raùeg tn otfier çTasgeÉ of funglr &6 weÏ,L ax the Sa*¡.,u

e1d,åo'rny*etes (et$r Boberl.¡ lpdlll r ãowerreß1 1n fg58r Pe,trnas*

tçis çbÊefråt1.ons !,ed htn tn agree wlth SuLler that BrHr

dc¡øe not greatlg effeet spore dts*ha:rge frcm woudy f,ruåt

bc&1es of porold fungl an Låv$.ag ùrees. Tn f,953r InsoLdr

malnl"y on ùhe haels of, Butrlerr s sürêl.eEr pub3.lehed hte &grêe+

1':*l:-\¿-:/-ú*iltiì-:Â1
l.^'¡
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eènt wtütî tÏ¡e faet that d.3'scha¡ge ðoêurs [rreepeetf.ve sf

raln of RrHr provlded. that $he wa?er eapply Ëo the frultlne;

bod.y ie sufftel.êhür Ee streseed that this 1s partLoularly

true anÕn€i the perenntal. Botr.yporee* Hctraeken and foola lL969l

obeer,ved that varlatlonæ Ín sBÐr€ d,i.eoharge by FBl,¿ngf+S

TTISSIÊ1g (BuII* ) Frr dLå nst appear üs be oorrelated with

ohangeg Xn temperature r¡r BrEr

The Stteratrltre eoncernl#b Ë,. ffiËÊg eho¡qs thst there

ûs ålgagÌeêBÈÍrü ae ta the lnf,Luenee of, BrH+ Én 6pore d.ts*

eharge ln th[s speetes* Rlstrbeth {}959} obsersed. thet heavteet

spors åeposttX.ôn oÈcl¡lrreü after Prnlon€;ed' ratrnsr He haü Plrs*

vlousT.y sholurr (Blsþbethr 1951) that spore èlscharge deoseaeeû

d.urlns dry weabherr Ëtnetatr (1963) oþeerffieå e üeflnlte Bss*

sonal patterû of *pör€ produotlon anð d.i.sper*e1-* Þurtrrg ¡n|"d,*

suurstêlrr whea the tempeyatu3le was aü tüe þf,ghesü'r ËpsrË dle*

Þhetrrge ?rå.S }öîsestr Ðnr1ng ühe splP!"n6 and eafl¡r åuffrerr û[s-

eherge l"notreaged wlth Increase ln teuSrefature* A d.turnal pat-

tern ¡çae alss oþeewed. by Slnotratr {1961}l l.n whlah the lo$esü

ratg of depost tXon oeeuged. d.urlng the nlght ønd ùhe htrehest

durln$ the afternoon and. he fc3.ü tt¡ese f,lustuatl+ns w€r€ oÇF*

reJ.ated wtth temperaturo $hå$ElÊs and werg $ot lnf,lueneed' by

B*Hr Hçweverr Stanbaugh ç,L962) r meesnrlns spÖre ûcpoettlon

on freshly euÈ þlnê $üt¡Þpsf observeð that the greategt

s1)ô?e loað was depoetrted at nlgl¡Ë* He felù that EçHc dtd. asË

Ðn spo?ß t¡çLeasËl* J.ew B¡Ec belng noçf fe'rl.orabtrËr altlrsugh ühte

d,oes not a.gre6 ¡rlth hls flndlngË âf a grÞaËer nootlrrne.3. øpore
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ï.oaeL. Boøere (1963) stressêÈ th* Ímportånse of nolsüure ãg

an !.nfluérrðÉ ðn he.sld.Lospotre f,lsçharge and. reported E|¡røl

eporophores of S.gæ4gggg nolstened. by raln read"lly releaseû

basfd.S.ospûrêBr Schntdt and Hssd (f965) r stud.yln8 sporophorês

nâsntalned' ln envlronnental- øha'mberg¡ the greenhouse and !'n

the traboraügryr found max!.num #prlfe release oecurtred und,er

oondltlons of, hlgh BrH. end 'a'nosturnal peek was obcerv'eð

tn the greenhouser tr{ood {1966} öonftrf'Õed' stasbaughf s ftndlrrgo

that maxtrung $Þore dXschergÉ üeÊurred. st mldnleht and the pLn*

lmum at noonr

fhe rel.afåonehlp bet1sean B*E* and. spore dlseharge hes

been stud.teü Xn other Easld.lonyeeÈes. F'or exaspler Ga,rÏ¡en-

ter (19t+9) observed that hleh R.H. favored spore d.lschargle

ån ägÅåå.gglggg fiî.ÏîEgf}Èftsg (Pat.) Eoserer Ðesrsot txgdo!

çbeesre'd fhet basldå.ospÐre èlscharsp ån PÆB$g lsn*flqtqe {t.
es Ff r l trtoltr was poultlvel"y oorrelate4 wlÈ,h $rfi* äo'beri

{1"96tþ} ehowçü that aptl"mura spoaÊ d,ls*harge rates Xn Êgþ$æ-

S.þg$ågS fr, çuourred. und.er eonclltÍ.ons of htsh B,$. aað hç

obearveð the $&.rne behavlour wlÛ,h sporophores of tglvporuet

,furræglåå Pers* ax Fn* Tn the Let?er speeiesr ühe rate of,

Êpot+€ d!^esr¡af,ge f;eÏ]. lmmedf.atel"y when the RrE+ wae changed,

f,som 96 to Y&fi, üoberL (19651 also ehowed ühat sÍ¡âre d.ls*

oharge by the agarto¡ l¡eBlqtq cor-rrad,ll HulJsnan ex Orton¡

$.ncreaeed, ¡råth lnçrease4 R*Ë. avrd the nr¡nbers of spores d'Is*

eharEed bv CroRa.rtlu¡¡ fuslfo:roe Eedge. & Ëunt ex Cunmc Trereæ-
çln1larly rel.ateÈ t* R*Hr {6now a¡aô Froelt"ohl L96B}'
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Many Hasld,Xosycetes exh!.blt a rroeÈurnal patterä of
spore dÍ.seharge whlch mlght lnûlcate a preference for hlgh

RrE, Ganod.erma appJ.anatup (Pere+ êx Wâltrr ) Fat, exhlbl.têd. $aax-

f,num sprre d.Lsoharge rates 4urlne the porÌ.od, f,ron 3,9,A0 to
0!100 hours and. e ralnlrnr¡n rata fro¡o 0800 ts L800 houre (Sreer*

amuLrr¡ X963) and. th!"e d.lurnal perlod,lelttr was only dlsrupteû

by retn weÈttng the f¡r¡ltlng boûy. A noeturnatr perlodletty was

alss obeewed" 1n the rusül Für,s.q4nlgt ¡aqlyRÊea,rrn Berür {earter
and. Banyer¡ L96tþr1 and. Exobasf.dlr¡n yelrans T,lassee (Shar¡mugan-

athån and. .*ru3.prâgäËeenf 1966)* Ifsnns a Htrst Fpsrê*trap¡ ÐeGroot

(X96Sl faund ühat a dlur,na1 cyole wÍ,th nooturnelL peaks $oðTtlr*

rcd amonër tlre f*resü f,ungt he etudled.r træ 63¡s61es studLed by

Ð*Êrootl Fom+ç fo.menËgrLue tÍor ËjE Fnr l Kleksr showed tmo peelrs¡

sne øfter sunset and, ons ea:rly [n Èhe naornlng¡ s eltuaÊlon

sin1Lar to tl¡at reported. þy ËÈLey t1952) for S. furylLartu$,
.Ad*lt$'onal fi¡ngl whlch have reaentl-y been reported. bo

havo nooturnaS. $prrue d"f-e charge patterns e.re r p,olrq.üruE qpÏìwq$g-

å99åå Fr' (¡{oeer¡ 19?0 ) l4g*eE ffÊ,rþ*FtTå, (Ëtt* & Ga}x* ) lron

$ehrenok and. Soauld.tng¡ F. ff esllls Berk. & Vunt. , ÅÐpg
pg¡*åS Fr*¡ and. g* marnprqgw, (Berk. & turt. ) Cçoke (${oGreøken¡

x9?ü! and Êmlråardp *S.*}.gq tVahl ex Fr¡) q,*ár (!{lsrrerta;
tr9?t ) , lfhe pred.o¡nlnsnce pf soeturnal pettenne ls 1n eccord.aneê

wlth alr *pora stud.l.es çf, Htret (195?) and, the æbundanee of

examples elteû l.ead.ä one to suspeot thet hieh Ê¡H* at nlght
hæs a f,evçrnb}"e 1nfLüÊnëë ün spÐrë då.*charge by Þasld.lonyeetesr

l_4;í".Íiì
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Íemperature hae reeeÍ.veå llttle ettenË1on eÊ a fae*

tcr Ínflueneing basS.d.lospore d.fecharge ratee* Bul.ler (19091

found thåt Fepaltfd ÞEt*lå++ (L. ex Fr, ) Fr" ehed. spsreÉ

at S$. Spores were dleehargeâ slo¡rl,y et 296¡ but uat a$

33Ë an* aboçe* Spore d.lscherge !,n Sr þp,ppS$l,ry (froberf¡ 196t+l

oeased. aE 2$ üo â?Cr wtrllo ten¡rera.tütres below 14. SÇ Þre*

vçnted. or reduEed, spore d.tsoharge 1n $r t*qtfgçqe ($no¡r anê

Froe1l¿h¡ 1968)* Btnçlaxr (fp6l) observed a ðlutr$a1 pertodn ::':
l*tüy ls eporc df.sohêr$e ln E* Rnt,rôçPfl wltloh hË fslü wa,g eÕn¡l i,,,,.

[:,..1r,
dltloned by tenpesg.turer

Al.ëhough few studlee hare been nade, lngolå {1953)

fwlt that lltrht exerte4 Xltttre d,treot lnflsenee orl Ëpere

115Epaütron ln the ÊasÍ"ülonycetegr &ç ouËlåned lrt thfs revlew¡
:

$ðn*Bå.É1dlemyoetÊË eäd partsøu1arl.y ..å,øeomyeeüe*r ære htghly

seaç1tLve to llght eondf.tLonlng* BuLleri a studlee of $r
squqþaÊus Led. hlm üo eçneJ.ude that l1ehü dLê not !.nfluonee

s3)one dlesharger $rre1l (Lg?2,1 eþselped. t?¡at the *ponee of

'lFramete s' serfua.ùis Fr¡ a,nô tenaf,tee eaepi.e.rÍ.a Fr. Tùelre d.1s-

oþlarged boüh fn oonttr,tuolrã d.enknese a,$d eontÍ,nuoTr$ L1ghô+

Fpora &lecharge tn f,,* Så^@g*Fgffi, ¡cae ðtüsngl.ãr lnf}n*neeû þy

trieht ¡ui.th uset spe¡res balng d.leehargeù d,tr¡rlne Ëhe nigbt f,r6n

tr80ð houre Èe Ð60ü hoursr whlle a euall,er numbar wétre ðls*

çharsed ln tÍ¡e d.aytl.sner wt.Ëh snffty d.ays flipþ?çselnê! dle,'

sharëe the noet (ûarpenter¡ 19491* tleht haÉ no effeot en

spÐre diecharge rate$ tr¡ gsbestre stndles (196tþl of S+

åo![slrÏ'rÉ,. $Iuflrila anð Ïrtooå (fg6g) observed thet $ÞorÉ dlseharge
ffi

i : .:: :,.'.l l: :.r'a':
l. I ì.-+ì.:.: r.

l::'.,.':.._a::.j
l:j.::J : r.:1
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ln Foruec rtagry,F tBcrko ) flten lsas regulaü,eå bf llghül Ëhe

fungtås exhlb[ttng a d.lurnal perloôf.elty with peake oëOll1..t

rtng 1n the dark hoursr

A notable stud"y ts that of üay, Hutehtnssfi¡ end {eg*

gert (1959) tn whf.ch ühey shoîred that lnherenü rhythns ef,

6l)ôre dlsohårÉíÉ erlst fn Eg*gSgË gtþ.qqqp Fr¡ wlth dençe

spore d.eposlts resurrlng every 30 to 90 mlnuüçs. !. f1le-

EËgggg* al,sø cxhlbåüed an end.ogenous FhyËhm of s¡lol*e d.Í.s*

-ehargte {Ëarpenter* 19t}9)r t[É other exampÏ.ee af Xnherçnü

FerÍoflÍ.ettlee ln the SasÍ,dåonyçetes rsÊre rspÇrte4*

Few eüudfes have been uad.e on spore dlsuharge ln

F* t-prn-en*LqbËi bnrt ShLtne5rl obçarraü that !"ow numbers of
*-ffi'

spoyöË wêttê dtsøha¡rgeè froa oporophores d,urlng; het anå ûry

oonêlt*"ope$ f.r$r üenperatîpëõ f,ron 21 tç 2ft anôHr$r f,ron

Ê0 ts $0É tn the afte?Írööfr* Ðtr*oha:rge rates ?ter6 parüleu"*

].arly low when the tenperature r@asheû â?ü or htgher* ffiFren

(1969) üf,se1.oseü a reveretbÏ.e halü Èñ ba.stÈloepore Êlsoharg¡e

at 30C and a petrmanent €6gsat3.on at 36ür Þnt sporês wor$

casü at eT"l te¡nperaÈure leveLs f,rüB l} tc Ê6G* $frsn alec

obeerved the ansultaþtl.tty of l.çw ÊrH+ for opttm$s¡ sltsre

d!.sshåJlga an4 f,otrnrt thaË Ð and.3âF R.H, $ere å.nsuf,flelçnü

tç uatntaln e long slrorec'Gasttng per!.od.' Ha8çnmueller {19?0)

reporteð a perlod.f"oÍ-üy ln sþore rel.aase of S' lcnepÊafll.F

wlth rsF,xJ.Ee ln the earLy s.fternoon and. Leüe eVenlng hoursr

l:-'-'r:'

l.:'
i;-::i



$tnee â nê$ eanpler Ls deecrlbed heffiù-f¿ and, thte was

6sed. ln tbe present lnveettgatlonsr end. slnce the authcr

l feels Èh6t eenpllng teahntquçe have been ah l¡ûPçrfant tn-

; f;J.uenoç on the conelusåong rêaehsð by nany norketrsr and

has pfûbablãf måsled soãler lt ÊËe!Ës ÞêrtlnËnt to brief,ly

:i rêvåeff sp*re sa¡nÞll.ne and. epore $emplerË, 
_ ,

; þeeuÍte of 'afr #pÞre süud5,ee uay nct be Ind.Xeative of,
:ì'i sporÊ êåsehe:rge rateE¡ atrthough gçlteraltgatlonç çûnësrnlng

I tþe Trerâedi"aåüy of sTlÞrê dlseharge tn partieuLar 6:r8ãrrlsne

i havç þeea ss$eÏ.Tååed froø Ëhe emenlnatlan of etmespherle ËI¡ore
I: ÇonËent*Sè¡reraÏ f,a*tore ¡nueü be eoneldet'ed, ln ghooslngl a

I *å&p1la6 lnetnilmoatr ffËûh facùors Êret the sf.se of, ühe 6por@s¡

i tfiø affl*Í,enoy of, bhe saapLtng insÈrtr¡eest åo trep theEe

#p6fËs¡ the foree wlth whtch the sþorês a,re d!.echaaged¡ and.

r the a,mount of ai.r turbulenuer lngold, t195?¡ suggeæted. Èhaù

the perlaûtalty obeerves rrtth a trap saçh ae tbe Htrst spßf€r

', ü3ap* whLsh lg nsr,uatly oÞerated. et on* meÈer above tha

6tround.x il,ses nøt neses#eflIy refleet e ðerresponÈtng rhyËhm

1n spore l"lhelattr,osr Iseverthelesg¡ a eËud,y 8l.vln6 er¡ld.enee

thaü the sampllne; tachnlque Hay wrt be åæ*portanü shoulå be

nnentåsaed* .An exn¡n3-natåcn of spores of planü pathogens ln
the aÍt bf $roeranulu (f959lr partleul.erly those of $åi:

ÊpþJftfiqtffi¡ slrowså Ëhat the numbor of spor€s oolLeoted during

4fr.:P,'¡saffiFtrl-ug üeehulques wËfe ooßPerebÏe wLth ähoee d.ls*

L6

l':r,'
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oherg;ëd d.!:reetly ftrsm the spotroÞhorer Shås ¡çes the onÏ.y

suoh etuåy r€Fsrtêd.¡

älreÈf s f,L95?l çtBd.les ehswed. t\zat aIJ. groups of,

spones ex?rlbLted, a typlOaL dlUrnal'per3.odlcf,tyr tclth &seo*>

$psreË and, þagldlaeBoree eogp?felng whaü he called the rd'aup

e,frt sptr*r He ffig6eËte4 f¡.9591 that the developmont of, a

ühtsJr ÞounÉary ].ayer of air under oâ,Iffier nlghË snudltf"onn

Le favûrable for the airpÉË,råüee of spflre$ å.n ail**Eamp[1nff'

treps.AË någlitç, the eoupatratfvetry snal"Ir fragXÍ"ø bas1d.Ê.o*

spores atre nst ae eaç!}y transïrorted to ßneat heights nor

ätre they as eubJeot to deeoåeatlsn* thuer the eampllng te'eh-

u!.que æay def,X"nttely 1nf,ï.uçnee thæ nurubeys end t{ln*s of

. spores traSrpod^*
l

: gpðrê sampllng lnËtrr¡nente fatrX" tnta üwo esteffiorfest

i thoee athçse pur.posê l.e to øauple axF' epçrç¡ oontenü sf' alf
f,XorElng through the lnstruuenÈ X,n suçh s. way that spûrss

âre funp*aüed Ðn â sr¿rf,ase whleh 1E uqually søatêd w!,th Mee*

el-lner Ellfeonr or g;Lysa!,ln¡ and. ühose lnEüruuentç used for
*elent!.sE sporê trapptng whare ühø lnvestl.geüor le fnËer*stect

Ln Èhe nurüþefä sf, a epeel.fle klnå of spore¡ or $pors d.fsoharge

raËes f,rom a epeelfle or$an1Éss* fhe latÈer uay depenü on

af.r*tonutts gamp3"lng ör Ðn gfs"nltåtåonr

Ëf the ftrriÊt üype of samplerr Hlrstts (195å1 autonette

vo3"umetf,le spore eampler åþ well*known and, f,requentl,y'useô.

Ste matn d.ravcbaeks arê thaü 1t requires â!t stternal polt€f

eupply and. Íe retrstirrly ñon*portable¡ *re$srtr d.evel*ped a
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portabLÊ vcïr¡wetrla spore trap tn 195¿+* çrlrleh waø not å Õotlþ

tinuous aanBler; Fad.y (L959) üeserlbeð the Pad.y*R1¡tls Ee¡a-

pler ¡slrlch ls a portabl,e¡ oontlnuÕuÉf vclumetsile spere

trapi Ðther lneürusents whleh sample a,lr are eesentlall.y

baeed, on the ae,xÊ6 prlnclpl,e as filrsürs spore trap (e.g,

l,lrin$õtsnr ].96]* ltraaer and Fa*y t L9661 PçweXl and. Horf,r

t96?ç Fathak and Factyr X9651 and" sehenokr lg6l*1"

ïa Èhe sescnd. ça-tegory cf ea¡nplersr stufrlee have ilsu-

ally been maêe .by slæpl"y plaelng eÏ"ldes beneath the sporer

phorer Few sther sanplers for oolLeetln& sForee lurmedlately

upon dteoharge f,rçm the frultine þo*y haçe besn d.eveÏ,oped.+

fngçlú'(1963d L96?l use* a repore êI.oskt ln hls efird.J"es of
dfeeharge fvon organtrems 3n uulture¡ whåIe Hoocl and $ohmlüü

(1966) d.eeorlbed a Fpoüê ürap vrhleh may be pLaeeú öþe oevåt,å.Ç¡

açter b*Iow tþe t$bç laffer of a epçrophore* fh* lattçr l,e

auüomeÈl.g arld sporeg are ÈepoËÍ.fèd ón e, 35 nw* photoeFephle

ft lR Ftrlp ¡ryh1çh ls satl,onl,ens at eaeh semþ3.ång &f,ê&+ $lnee

the bulk of; Ëhfs Snstrt¡ment mtret be beneaÞh the f,ruLtl.ng

hsdyr f,t le nst snltabÍ.e for stueLylng etlpttate sporophores

suçh ae Pr tonentozuEr ïhe Xnstïument ueed. trn t'his etnðy

ls deecrlbed laüer ln thle repotrt*

f:::.Ì:
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HAIEFIåT$ ASÐ N THGÐË

üeserlntlon of the slte

Shls stuåy wes u,nÉertakgn aü tanüle.l"a.ke, SeskatohÊnan

snd Ín ühe Laþoratory of, ühe Wlnr¡Ípeg FederaL Fofestry Ðe*

partment* lR SagkateheÌ{ånr Õrt the ette where flelê experl,*

r¿ent* rsere eonðuctedr ån .?"?,Fpgle"qPg oaußeÐ a whlter"¡loeket

ïût l.n the roots and butt ef whlte Ëppueé (å,* ml$Lgal and

blasb ËT¡ïrreê {å* ffiËåËËÊ, {t{191* } BSPr } ¡ fhç ø1ta was abouü

trryg aûreg !.n a'lpea end ha.s been æge¡*lRed fotr severaS" yeare

beçarass of She anaual. appeåfange of, eporophoree of $. üWE$*

tege$ and the prregenÊ€ of a l.apge stend,*npentnã¡ f$krf.tneyç

X96ãï tFte*l}r fhe vegetmtlon ,oosts{sted natnl,y of a nlnture

of dS ü<¡ S0 year*alü nhåte and black ÐÞruÊê and. the eree ?q&Ë

aü the e4$e of a poBlar eËand (H,fffå1up ÈrgnlTlqldÊe I{tehs} I

roltËsqråentXg t,here nas ËsEþ overlapplns of ähe tlxrss mpeeÍ"eer

l{here thepe epecf.eu fo¡meû dçnse stan4,s¡ sphagnurn ness gren

1lr a eonüi¡luaue layer and. ¡sas the preÈom!.nant grsun* 6ûv€r

aedsçLeted ¡rl,th oseaslonal herbaöeoun eBeofesr

Ia areag where the dle*eËÊ rq€.s partteul.s.rX¡¡ a6r*f€¡

anå ühare wëre d.ead anå faI1€n tfees, uuah eunl!.ght reaehaû

the foresù floçr nrorådtrng etyptoe.l ground eondttLon (Ea¡e*

pareü to thaË êû,oufrtng ln a eloeed spflreê stan&}. In tlreee

ßpen afÊñß the ground, çover çontalned. Legs sphag;num nogs and,

a Ëreafer va?*.êty of herbapeoue speeles and ehrrubs trçFe found

lueluütng wt"ntergfeeu tPf,eçfe ëE'lr burlohberu¡r t.ggruHg g**å*
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Flg. 1, Stand-oPenlng caused- bY
g. tomentq -sus root rot.

Flg" 2. Spore sampl-er ' l/6 nat" slze"
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lS,egqj-g Lu ), Labsed,*r tç*. {I*etræ .#Ëgg$lgå¿gåS}ffi *ed"er} ø lw3.tt*

f lovrer {Ãåpp*ga bggggåC L. } , anil *::enberry {Yegçåå¿pp gtrÐ*

,åffig3tg. L, ) * spcro¡ilreiree mf S" -L*gçn-içpglåg appÊF-'red. to gravr

T;esÈ i"n ehad-e<å areae "¡¡here sphagnuro mÕss **eu-rred- T'hey alss

gre'i'r ln sunny, cLråer surrsund.S.ngse but vrere euseep6i"k¡1e tc
*es3+çe.tlCIn ån sråeh P.tea.$q

The s¿:1"1 had. a Low pHe *ypåea1 *f d.sseasecT areas (van

Grnenep¡*ud.u 3956) ancl alas +f the ûrey*wç*ß** 'Þype" De*ailed

anaS"yses *f the scliJ-s during; thls s'budy sltov;ed" 'çhat, the pH

ûf the huraus L*.yer rasged" frCIm 3. ? Èc 5u 5r th* pit of lk¡* A

Prorlzon frc¡m ).6 tc 5"2, azlrI the pH øf th* ß Ït$rlznn frcm

l+,7 to 5o6" The s+lL texture varS-ed. fron si.Lty sænd to -'rænç11

T.ean' The pereente6e sf orgå¿rile matter l-n thc¡ }ttr:ff¡s Lay*r

rangecl frçr{ 51, te Ê2#u whi,l.e that of the csi"nsral. S"ayers

rængeci. frrrm t,? to ?"ífo, The s*3.L ecnta3"ned" lort ara*unts of

sc¡}u.bLe sa,l,bs typloaL fcr aonlfer*ras st:lls i.n that #.tê&.a

Åe Ëoün as epor*phorÊs i,iere sbserr¡erl pvl 'Ðlte stud.y

#.treå¡$ their 1o+aËlsn wac nar?ieel wit?: 'nro*S.en etalcesu end

thç sla*u €a.te f;iret seerx' a.nú.3-noatlon of eagh sponoplr,:re

were recerúeeI, ft*.3.1y exaal"nat3.r:n eif, the slte ffeveaLetl çerta3-n

gr*upings *f æporoplacres w!:içh r¡ere suåEa,b1e far experS.*

m*ntatlonu These ür¿-:uplng*q v{erç eeJ"eeted" Fç thä'? æ,t leasÈ

fsur sparoi:horeË grew t"¡lthtn Ð"n âreå *f approxåmafiely 3

f*et'b¡r lp fee*" fh3.s þrâË "cc gyls¿r* ÈT:rs.t thece roi*rrLcl tre suf*

ffsJ-ent spr:r*phr:res to al.1*r",' for t?re }*gs *f a'b Least *cle end.

bkr-'t e3.1 sp*rcphores çs*uld 'be enel"o,sed ån Èhe pl"n*t3.c tes?Ës

1;u3l-t f *r experLw,*n1;a-*1oÐo
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Eþe-*:¡-c tlsrt *pf*cprË.Ê-*ç:1å#Ël äg "

'lhe .sl)frv'* san-pl-ers u*e¿L i-n thie *Èur}.y wëTe Êes3-g*erå by

änÐ" 1',1h3-tne":¡ e.nd. bu3-1& by t*G"T{, Þ,*ryø ir br3"ef d.e*erâpt3"cln

f*J-l-osa* e e 3^, $ veat b*,ittery*opereted- transLs'c*c'lsed clc¡elc årclre

a niinute ha.nd 8* ah5"el¡ tres attacheå a waärt,et', taoe eeel: hcurt

lhe Ðs.Ën€t cåwe 5-nto eentaet w3-th a s-*slte?rr cLo,gfng ltu e*rd,

t}'lus çr:nÏ:J.eti-ylg s, etreuS.t p<:r,rered. by t','rer 6*Y$1t ba,tterl.esa TþrÍs

drsuit drove a *rnaJ,J- Lever forisard Ì"neta.nf,3-y6 t+hl"*h r¡¡a* therr

prll}ed baci: hy a sprS,ng when th.* ei.reult avas hrokenu The Lever

fltted. J"nt'o æ. nntch on. a rl"gtå ?*trnch a]-umånue d'å"se wlt5-eh was

attaeherl t* t}'le apparatue by s. naa6net* The c1åæç c'evolved freeLy

and, ünce per hour wa.s pushecl f*rerardr e$ that tt eonpS"eted- a

revel-ut3,crrl ln 2I-l ltours" The apl:aratu$ ríåß el"nnnped to ü' YLng*

süand. an$. pr:s5"b3-onett ,ç'fr *hat tkre e*Se *f the .llst t¡æs úårectly

hen*æ,th tire hyrnenlal surface, å fcll- d.isÊ* f*rlncl nlnst *ultç-þJ-e

hecp-uge lts shape t¡*"s nçt ehangea "l:y meistc,re eondl-t.lovìsg Ì,,;e-s

taped- ü+ the metaL dlse anß tr.ienty*frrur 3.8 ær*r setååFÊ covers3"f-p*

þ"'ere Ëlued s¡,,-en+tråeæ.J.]y to bhe fo3"1 r3"isc (Flg. 2l , Tn tlrlç u¿råffe

?l+ one*hnus spore rleposlts were otyi:alned fro$ eaeh sporophore

each day* f!:e d"rÉÊss T¡rtth t,çversLLp.$s ffiere easl}3r reqeved end.

repl"ered i¿hen TÌëe.ÕssEFgr

.å f*i.3" teinpS-ate nas f l fteÓ tc Èl'l* e¡:r:r*phore sr] thst

only LB squå.rie îÊms *f hymenlaÏ surfaee ?rËre exposed aRcl the

d"lsehargeel rutreÍ.J-a.gånous spûre,ç a¿lhered f1rm1-y ts) the 61ae*

enr¡er,sJ-1zls" The €j.,$tç.rnoe betr,seen the pclre 'su:'f*"ce atrd the

eir3-Leef,l.ng ßi.,Ës wÊ.$ l"*2 rsrm.n u althotngh thls tlistsnce ßÕß1e*'

tårn-*s ln*x'ea.qe* to 5 mm, T>eçaure *f n6he sle.nË*rl s?æture öf
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Ë#iî}e #f 1:k* spúrÕp3ity€#ç

rqLS eri:pÕËerï" fE:3-1" d.åçe,ç i{ere "preeetrvecl J-n herbarj-u-ïå

Ì:*¡ses s.lrd- r¿us,'lrer* *f ßTdlyee *,t*znt;*ú- iLvt the 3-a'b*rnfionyu ffaelt

çüirËrst!-p ?ras elc*sti$#üL und-er plta,*e ê*nttrãst e.t æ, taagnlf,ier:-'c3"*n

*f 3:.ÊX" fhe h,s.si.d,losp*ree *f ff. Ë?-rygntçggå ho"ve no d.3.s*

Èin.r;raf.s?:i-ng cltare-çteris'Siesø bcivrg hya3.in*¡ st&û{}th*'praLLed.e

c*Lnrl-esm æ,nri. ãfteÊ:,sïirl;'1g 3*lþf Þy 5*$f {pi.gr3}' T}re met?rr:d of

c*untlt:¿g r¡ì#-# E{t ,çcan the ecversS"lp* g¡*ær*h fCIr *he d.eneest

å"rræ and" *¿rt¿nt tå:e nramber of spcr"Ës in a 5X5 gr5.d tøi'rlcþr

**v*seql- Ð;r'*.îeå. *f û"tx{. *quarÊ î&ïT1* F*råy e-dci.å*3.çn4"1 are¿es

?åsre eauyrted" at evçn l-nterval-s ar*u*.'å *h:i.s ffrst âr€fi.o Covev*

gLi"ps t¡lltl ç!: ïtaci!. heen ey:s..Tfli-nerlç rrstê ïr,slTlmferreå ïc !re*,rry ts.rd"*

-'T*æ¡¿rt1 çhe*ts a::d. 6glt.:.erl ÐV'ffÐ bl-aek *arb*n peptr i'¡hlc?:l a"ÊJt*

úered 'b?t* $p#re d.ep*sf.Ès eesi-3-y r¡i¡-siT:l"e end a3å*tseå €tE*

pårJ.tr#n t:f riisÉ3re d.epo*$-*1-*n patterilse

r,åp-l-e*ir-agcgåFÉsåå

ln Shc f,i-e1ctrs ,$I]Ërë clilseharüe l.,Is.s r¡hservecl uncterg

#-o nat';r¿:-1" ocnß3-t3-+n*p b. itB.turaL Såght e..nd. temSlereture fluç*
tç-e,t!*n* r,;J"tl*. art:.f3,r:leLLy ng'3"nta:lneú Ïråp;h HnSup êu nsetureJ.

tçrqs+yåtrlre fJ.i¡çüu.*.tiErns uitlt r-1.,:r:süæ-rt'b d.E.gitr¡.*ss and" hi.gh Il,Ïlrs

d.* nelïurer3 'fuer:p*ratutre fluetua'Û3"ons r¡rtth *sns?anB l"36ht and.

h,løÏ: B,¡,1{* u Êund- Ën y:.af,ufs1 temperature flæeluatlons vrith al"*

te¡vnete ll"3"ght*c1a.ek ,eerl*ds azrå l:iglt R"Ë"

åLtTr*ugh l":tght avrd. llolTa "Frere e#"si.:"Y *ontr*l3.eêu pF€*

3"årnlnary tri.*l.s shr¡,rT*d" tha* s. Õön-sfßnt terupera$Gre ?res dlf*
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FlS. 3n 3, LomgqLgsgq Þesg¿iospÕresunder 'phase contrB"sto 600X"

,ô

i!rl

r
t,

Få9. l+, Senå A, Xg6So tn sEhi.elt s3)6res
d.lseheæged under natural fl_uçtuaif.CIns
teæperaturÊ$ &.Hn and. llght*

rìíere
of
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tor ee;uJ.rl rmTy be 3-nt"'eeÈ5-gated s.s 3"8 tïur:hr¡ai:e4 naturaS-lyo

The regrs':n fey {:ir3"s e13-ff!eui-ty 1s that bhe sporaphores mËs&

?:e rn*.ånta1"*e#, ån spe.ees þ;!tlz 3.1ttLe rr ní] aS"y cJ.re.uTa*l-c:n

tf sepreßenfrE-t,i-ve spore d.eposåbs are to be en1-3.eetedu a¡rd"

msst ter*peratug*þregule.ting instrllr*ents d.epenrtr *n a.lr eår*

cul"atåcvrn

fn 1"96S an* L969u eaeh p3.ot (çr te:tt) er;nt*:i-ned. at

Leæst frrur sp*ropltores lnlt,iaJ"l"y* lf; pûss3.hles nÕre î,r#re

3.nsl"ud.ed- cLue t* the r*npred.i"ctahLe rap3.d. e:ehausti*n sf .sûrilte

tpf the e-pr:ra;o?ror€Ë* T*lhen &he eporoi:h*res rrçye <T.lscharg3-ng

sporeË v tË åetærmlned, hy pl-e-e1-n{i a 2,?" b;r gû 'mn, eoversLlp

ireneçtT: tï'ie sp*r-+.ph*re ancl" exa"mJ.rrlng it $isr+se*piea3,1y

J.atere lb:ey !,reræ *ub;fected. Èn s"æ.rå-ou,$ st:t* of envl.rerusentså

*rrnrli'þl*ns ltr gr*upso fn 1969, duei t;o unfs.v*ra?¡J.e frul-ti.ng

Ðond5-tiostss gråu-pË af spcrophote"ç l/üere gc¡vered 'i,råth plasÈ3-e

s1:eetp therehy ereat.S-ng ø.n atmosphere e:f h5"6lr H,.Ho a,nd.

prt:motlng i.n$t5"a1- spore åLsehargeo ln th¡e sä.mð yeË¿ru clue tc:

poÈr cluaLi.ty ancl 3-ots nunber# Õf spon*phoreË, sûTne sporo;phr:res

-Þsere transpLanteci. so thet eaeh grrËp ec¡nsieÈed of fcr.l-r

sporophor€6s

fn L968u four sets of eonåit5.enfi were i.nvestågateclu e,nd.

for eaeh set* æ tent ",'räË buf"Lt aomp}etely around the greup

Õf epr:roph+ree to æatzite.3"m. the d,esLred seÈ çf e¡:nd.3.tlr:ne and.

Ècl el-3-ni.nete aÍr eurrents whieh nJ.eh'b easl.3"y heve cayr5-ed ar.r*"¡r

th* bË.sld,Lersparesa TFre four sets of c*nclitlons 1nl¡esti.gagecT
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f'clL E¡r,+ n

4., W+$Iå;f¿l *qqFËi!-lpqg¡ The tent, vtras et:nstrut:ted of

ele¿,,r p.!.ersti * Eç alLoi,i na.Evv*L ]-tøht fluetu-ati.t:ns" ft tÐä*

s3-sted- *f en lnv:.er ro*fLegs elis¡nbey ê*¡/er*¿I by- a r*3sed

oå.nop3r" Thls ores-terl â, ÉÞä"ce be'Lt"¡ees: the twEr ene]"c*uresE

peræltti"ng aLr exehanges hut all-ol'l1"ng no str*n6 currente

to reaeh tïre æporophores (F16, l+l , Comparisan of hygrç*

thes¡aogra-ph re*ding;e taleen v;181:!n ti're tent sr3-th th"ose ob*

t,s.lned *:utelrlç the tent sh*wecl that thj.s tent çu.çcessf,u3"ly

al"J-or.red. nórrflË.1" t+mperature end. R"I{* e}tæ-nges,

Bn Ð*qtg$S,s.s- Ëng*4åËEsallv-.g}l¡qÈ!¿ctlpë-*æåH' t Tlils tent

fiîås tûnstruçted sf bLack Ë1æ.stie anð 1t was atteml:ted, to

maintain thc s.lcrcphoree i.n cl"arlcness vrhile allov;ing nomral-

t,enperatunc and" R"Tl" fluetuat[onso Ï]ue tc poor aLr el.rcuLe.blont

the treatment iorae ËþslåoçefisfuL çsXth th"e ËnH' rsma.lnlr:8 toll*

tlnu*usLy higT'' renclerln8 the treai;ment slm.ilay tÐ tha.t ln

tent t. 'fhls ient si:.d. 'cþe follar'¡tng t¡t'* te+nts ?terç ttTl*

etr'r.rcÈeß ln the shape of a sqTåares w1ült nc outer Ðântp3¡ð

Cu SilaturalLy fLuctu"atlng ]"laht end hlg?t Ênff."¿ The

tent was r¡arte of eJ"ea"r ptrasl;1"e to al-L*v ne-turæA l.teht fluc*
*uatic¡ns s.nd. lrlgh ÊuHu vrÐs måintç-íned tontåTxtlüus]-y by

rvateri ng the surroun<i:ì-rr,g sell-¿

F. Fq.rKngçg-ggÈ*þ!#,tl-êeg's fhe Èq;nt arn* *nnetru"eted- of

]rJ,a.el:,::l*stjs *.nei higl'r R*T{* tçe.s ælso nalntalned e*nii.nu*us3.y

by r¡ra?eïing tlre *urround.ing saj-l"

AlL tent.ç trrere +¡:nçtrucË*cl *f 6 :îiå1. ,Ðl"aeti.e skreeting
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s-b*.pled- tc t¿oad.en frarnes" p,t Èhe Ê;roUrrd Levelu tlre p]"aetå-e

rireç earefuLS-y taekeel tc the du-ff st the* s-3-r p"nu. raln e*UJ"d"

nüt ent*r, Ln tents where ci.e.rk Srui:r3ð tveatæent.s were app3.3"et?.t

F and fr e"bovec I'r1 ad.d.1"ËÍ-cnal- åark eroc¡ms was bu-i.l-t so that

n$ 15.ght, entereå as the d-r:cr was openeå ta esa¡ilne the

spor*pharee and. tl:e eqr.:.ipnent" A penlågnt f3ashÏ-1glit v+ç-s tlne

sole Light source a.nd thl*q T4r&s råFriÉlLly not $yt for more than

ten mtrnufies" TÍte a\r{rra-Se spaüe sÌ.rrround.5-n€ ,t}re speroS:Fioree

?râs ahout 3 feet wldeu l* feet longu and 3 *o I+ feet hågrt

{Ftg, 5'l u å hygfother:ireiEreph ancl a tensS.or¡eter ?Ëere set be*

sJ-de the eporophar*s lvrs3.de ea.ch tent {F1g, 6} o-nd one lry*

grothercrogreph and one Èensl"orneter a¡ere set outs"i-Ce t!'re terate+

l{ thermS.stçr psychroineter ÞraË us*d, t* eUppÏ-enent and checlt

the hygrotherru.tgre.,ph readlngs,

/{Lühclr¡g}t the $eontr*le Ðent tA} aJ.}nwed nati.rreï ËnTloe

*emperatur€e ancl lÍ"$ïrt fLuetuati.onsr ra-lnfæ.I-l- p¡¿rs el-J"mlnated.n

Thls wae eûnpensatetl for 1:y iia:ll.y ex.+":n3,nat5.on of a raln
guåge snd- a tensi*meÈer outsx-cle the tenÈ r'+hicti l-nclicated.

rshen e.drli"ti"onal moLsture (fro¡n a neerby stream) should he

adC-ecl cl1,rect1.y t* th.e spr:rophares as well" ns 'bhe huniu-su

T-te moåçture content of, sp*ropharess humus r and :sin*

oyål- h*r3,zcns of the scll.L in the te;:lt ?rere determined. evsry

seçonct day. Ëam.ples i{ere oven*årïed e-ncï ms5-sture cnnient çras

measu-reel ås Ë. pereentage of the rlven*úry i'¡eight' A sei::3tle of

soll" frcrm eaeh plot was subjected- to a cåe?ail"eil s-naLys5-s of

Fllp textç.reg ecnduetf-vitye pereentage organi-ç nâtterr a*d.
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Fås. 5u Interíor çf tent Á,s 196S u nhowing
typical s¡:ac3.ng CIf _8. torrientosus sÞofo*
phores anc. lnstruseãts;**-

Flg- 6, Hygro&hermograph and
te¡asi.omcter 'ø1Èhln tent åu l.g68*
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*$\*w.n.*# üf sa3ü'tlT* 8€à3.Ëso 3n the }-ah*ra.tory 1n ;¡f1nr¡lËÐSn

üS}:cy fr*que*t re*crellng* J-ncï'r¡-¿T:e*- 3lglzt teaú-'l-r:g* at

tlt* sp*r*;;:h*::e leveL l,'chi.gh. liTrye raeaçureå 1:iiree t* lou:: tlnee
cL*.i1":¡ r¡1th a T¡Íestr.:n l"tght meäer, æ.s ilT€J-J. as the æeæsurements

of the Í-nryeÉÞ.$e in slge of the p1]-eus of es"eh sp*roÏ¡lr.*re

every t*.*rc t* three elays" å br-t,ef w*ætirer synopdfs ¡,ra"s recor*ed

r3al3.3r,

Tn 396Ëu beeausç e¡f the yesul-ts sbta-iined. 1n ear1J.er

fiel"d. eu:p*rS.nerrts anql leborat*ry stuties ears,i.elcl out åilrlng

196? nnd. 1S6fi, greetes'ø e¡.,JrÏ:a.sås was placecî *n Èþre eff ect

of l.ighto She s1"s*r*ph*re erop rctås pûçr and. *.bn*y'rnaL grr:',ø*h

grea.tl.y affeeteß the çtucllesu $evçn sets of *¿lnr-iå?ir:ns lrere

åi?Þliei3- in 1969p tws sets eaeh heing a"p,eT-ted. in tlrree of

the teertç (B* üs and. ï)i" ileserS"ptl*n of ûl:e f*ur Þ}c:ts

{ln*lud.jin,g the Ëêven eeÈs cf consi.lticns} follcrvru

.Â.n SF,,lggRå_ qond;lågpg-c Tltl$ tent n¡eç eoitstructed e'x*

aetly ae in L96S,

Bo Light a-nd- h.lgh RoH'¡ The tent s;¡¿s o*nstn:r.*ted of,

ÊIe€år plaetle- For the f5.rst haÏf, of tT:e s*repling Ferlr-:rl,

nafure.l- Ltght fluetuatå+:rs prevailed." Tn t}:e se**nrå }:alfu

naÈu*nL 13S?:-c præs suppLementeß r¡slËh contånu*u* 119?iÈ frc'u

fJ-or¡.res*ent tu,bes of approxlmete3.;' 50û ft*#lntenelty at

the .s.Bcrçl:hßre L+rrel,o

tu ÅLt=erne."te ltght*elqrk peråüds ancl þlgþ Rofi" S Th3.s tent

liie'$ ecnstr,;*te'l- ef bl-a,sir pJ-aetie" For the firsÈ hal"f of tSre

llpoot-Cg.ndle S,



30

sp.rnpl"lng î;*r1*d.e 1å€1:t ln"t,eneitÞ' Õf apprarlmø'teLY 5Û0 ft*ê

$"fr the #Frrr{}1}fîÕre l"eveL }í8.6 apT}li,ed. frr::.tr 07tt tç I"çCt hr:urÊs

Tn the secnc].d. hslf u %!t*,5á;ne lntensi.by':f Lighf vras epplXed

tro.t 1"9üÕ Ë* Üf0ü ïrc>ursn

Do ÅIjæsag.3e*-j1åsþç-:Égrk--?e$ogq-Biìå.hås"E F" ¡I" c she *en&

ttø;# eLs$ ciln$truetes of bJ.acic plasÈíe a"*d. the; spûres i{ere

coJ-Leeteå ln c*nÈlnü{ills darltness for t}re flrst h,ç"lf of the

så,rsT)lln$ perS-ûrL, In the eec*nd. halfe llglrt lnteneity of,

epprÕ)r1.ina.freAy 6Ot ft*c å.t the sporoph*re J-erre} was appli.eå

from t?üS to L900 h*ureo

AII f'aetörs $íer€ neasgred. aç 1þ 1968 o €Eo€ilt thË-t llght

reåå1ng-$ iy:. tents A end. B v¡ere taken nr$re fra;quentT^y and' r¡slth

äifferer:È equlpneïxt" PhotoeeLl-* lrete a,tta"s!'led" tti-reeËIy abr¡oÍe

eç.eh spornphore (ff6 " 7'i an{tr sLl phr:toee)-J.s l-ed to a mui-tl*

ehas¡neL åtg1üaL d'ata reeorclero Read.inë;s '¿rere teken enoe per

r*j-nu.te and" the instrr.rrnent wa.s hattergr-operæ"ted.u ïlnfsrtunatel-yt

the ÊpÐre ú5-seþarge rates fiIere Ë* eönslstently I-ote ån te"UÈ.9

A and B thøt the LJ-gtrt read'ings couLd nçt ïre uti118eúu

ln t]:sse tents ¡-¡here arËi-fi-elal Llgh.t pras stiÞplÍ.ef,u

the }1ghti sÕur6e cúnsXsted of È-r,¡a banics sf fl-ucwe*cent' llghts

{eaeh þa,nk eçntalninß fCInår t¡ü*r,.satt çoo'!- r^¡hi"te floureseent

t1rbes) suspendeð e"t a suf-table height ab$Të tite sporophcrss"

Ë,eferenee to l-ohora.tory exper3.nents 3.nd.Í.caÈed. tlrat 1-3"ehÈ $n*

tenslties CIf fro'n bÕ0 to 6OO ft*c tnhlblted s,Pfrre ctrlscharges

airrl tl:r*refare, the heiðht e¡f the llght hs-nks aþose tlze spssÕ*

ns.rf.ect sû lha.t 3-nten,çiÈy ?¡res fi-xed ln the abor¡* räÐ-8ê+ Llght

Ì,ntçnsitl-es vrere :uensureû HXth a l,lestan Llght :ãeter s.t the
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Flg" 7u
Ë.ïï0v# P,

Fhotoeel"l. elamped ånto pos3"Èlon
t$çn!*ffLg" speroph+re o

Flgn 8o GesçLå.ne*spÊpated
attacþed. ¡sårXng and tlme
p3.aståe sh*}t*s*

genesç.tcr wj-Ëh
sr,¡å.fehes und.er
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3.evel- of lhe *p*r*çh"ol"€s, Íhe 1-3"ght' benks T.Ìere p's'.':ereå frorn

æ- g*.so33,ïl€*sîJÉïp,tertr peirta.hle $enerÐ.t,(\r æ.3ìtt tlrne sr'¿irtc}l^res

r¡íere çÕnnesteú tc tiie l|eltt banhs tc effect euÈ*met|ç and.

âeolr,rä-'rËe 1"3-glit ehanges { Fxg, I } "

l,a-boratorv elrÐeriment e u

ta't:orætory experl"snenl;e ?üere eond.¡:,eted- d.uring the t'rl$terS

Õf Lg6?*?&* gult¿abJ-e sp*ro-phoyeË ÞJete seLeeted- frcm tite f:iel"d.u

etore(i für eeverå} rþÕnthgs ø:rñ- sucoessfu"Sly rev3"ved. 1n ttre

Benner åessrLbed by 1-lhltney ånd Boþtåyclruli i1969)- Þr.lrlng ex*

perÍm*ï?tsn the sporophoree were ¡Es.i¡-ntef-necl 1n growth ce.blneÈs

¡nea-surinff Xe by 2 \ty 3. fçet i.rhi,eh ?fÊre d.evoitÍ, $f äny auto*

i:ratfe een'bral- af tr,mperø"ture and. R"Ï{" beea.uge cf th* neeeesl'by

of ma5.nta.ining eâ.}m æ.ir, Å h¡igrotlierm*6ra"ph iuæs used. 'bo meå.*

ÉLttre tenpere-ture and þnH" ål-though. sontro} of 'cemper*.turç

r¡.¡r'¡.s d-3"ffieults R"fif" changes l'¡ere easlLy effeeted. by openS.ng

the cL'lors Ðf lhe ehp.æ1;er å fiTee$ured dåstaneeç Where a partl*

eular l-jL#l:t intensity wa* requlreda li.ght henks *f the sæ,mê

type 't¡sect lyr field" *xperlineÐ.&s rqere p3.ac:ed. ab*ve th* cltanbçrs

aRcl reæ"Éings taken i¡¡1-th æ. ldeçte¡n ]-f"ght mçter* High H*8" 1"$a,fi

rae.i¡:ta-åneè by acldilrg water *.o versl-cuLlÈs: 1,rf13"ch }t*d been

pleeed. ln tlre 'þ*tf,om of the Õhamir*r.

Tn t?re l-ah+ratcryø spûre d3-scharge tf4,8 o'bs*rved ur:.clerg

t,s e$ntlnuoxxß ela.rlçness e.nd fluetuati$g BøTi, s b' eontlnur¡u$

llght atrcl fluC.Ëuating RuH*s Oo ectnÈi-nuc$-s dãrkneÉs encl" high

R"l{"s å, o*ntlnuÕus l1"ght and- ?rtgh EoT{,n êTld- *o hiø}t R"Íl' enel

fl-uetua"ti-n$ Ll#hts



33

RESLTTTS

,$pore dlse?i unåer eantrol-1ed conrti,ti,:ns i-n the f1'e)"t3. a4d'

the_ =leg?;gf orf .

Effests *f Id"H*

In th-c Labr:re-torye t¿aglnußl spere rlleeh*vge ra-tes ffÊre

obbaS.ned, 5.n åari<nesss when HuIl" ?xå""9 ât saÈufat3"On levelg

*,n& E*t.pãrå.tt:r* ÞÍaË eÕnËtâ.nt" Sp+rophare L*12å was sampled

Èn t?rc sidesE A anå Bø e,nd both s!úes rhc¡l-rerl the sâfl1€ 3'ê*

ËpÕnse to H,Ho fLuctu-atinns {Ftg. 91 , After a perloct of

abnr:t t$8 Lrours d-urf.ng r,¡lr-l-oh the sporoph*rê Trlsàs reeÕlrerfng

fsnm the effeet,s of lrelng 3.n stora-geu the sp*rotr'i?.tore Ín*

dLcste€t æ ?r-l-glx,eensttivl"ty to BuHu Tdhen the RrT{o ?íâs v'edueeù

fr.çn sâtur.et},ün t# apËrÐslma.tel-y 5ÛF between 09f]0 ancl 1Õ00

Trcurs Õn llprll 28 the spore cllseharg;e râte r:f sp*rei;citore

L*LZB decrea-sec1 froro. about 35tt Ëp':rr€Ë per mi"*rÇseÕpe field

to abcut 6Õ Ër ?S spùres per atf.erösttpe fiel* åurj-ng the

sÐ¿ße cne hcur lnt,erval, Bet+.¡een II+CO anel 1500 hours on the

sÊ,ße dåy* the R"Hn ?¡ås lnerea.eed. aga!3? t,* P'$fi d.urin6 l-¿hleþ

tLme the spore disei'rarge rete 3'nereaseú rapf'útår f,rnrx the

*jbcve 1oæ rate back up tö e.l:aut ?.5tt s-pores per mierclsëÖps

f,ielå" SlnaLLar lnsËantaneöËs reaetlong of sp*re c1ischarge

y.ate to R'TT" cltangee oceur::ed. on "Apr1L J anci. lnu Tg !s Lmpcr*

e snorophores ãrê refe \J êi) conirs ln the SBres e

pls.se*slnçe the shortness of thc
ffient å'n th* çlîe'Ë;rP'"¡nË*

LatÐ*r r'¡nrcl faelllta"ted



Flg. 9, The relatlonshlp between fluctuatrng B"E[. and
gPore d.ischarge rates by twc sid.es, A and_ Bl of sporophorerz at constant temperature 1n darkness ln the labära*'tory' (tractr po3-nt on aLl gra-phs d.epLctLng spore dlschargerates i-s an avere.ge of the flve reã-d.lngs on each hourlyspore d.epostt ) ,
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tant to note tha.t lowerlng the RuI[. to 70% caused llttle

and. often no change ln the spore d.lscharge rÐ.te (March 3It

Aprll 4, 6, and 7), This 1v111 be dlscussed ln relatlon to

l1Sht lnfluences on spore discharge rates' The Same response

to R.H" was conflrmed in two other experlments lnvolvlng

three ad,d.ltlonal sporophcres ln laboratory studles.

The pore surface of sporophore L-72 was steeply lncllned.

from the outer ed-ge of the plleus to the stlpe ¡ ÌÂIâs cream-

colored-, and conslsted. of pores of unlform slze, The sporophore

was free of lnsects and. other rnlcro-organlsms!

When R,H. and. spore d-lscharge rates were conpared. stat-

lstlca11y, there was a hlgh d.egree of posltive correlatlon

(latte I). The author feels lt ls valld- to compare statlstl-

ca1ly only those values wlthln the hours shorvn slnce, âs w111

be dlscussed-, spore d.lscharge appears to be u-naffected. b¡r êrr-

vlronnental condltlons when it is inltially recoverlng from

storage, In most examples lllustraËed. in this report' spore

d-lscharge rates are shown from the tfune spore dlscha.rge com-

mences to the tlme it ceases and- lt seems Justlfied to 1g-

nore the lnitlal and- terrnlnal lags ln spore d.ischarge rates

when making statlstlcal analyses.

Sporophores 1 and 2, a.1so stud-led- 1n the laboratoryt

d-ld not cì.lscharge spores as rapldly as sporophore L-LZ even

und.er optlmal cond-ltlons and. r,sere aore sensltive to the 1ov¡-

erlng of RoH. to 70/" (nrg, 10)" Both sporophores l4lere rapld.Iy

exhausted after tvro d.ays of d-lscharging spores. Such poor
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f*,bl-e T* Correle"å:loir betr¡reon EsË[. Ð'ïrú sFÕre d.l"se]'iarge by
frpsr ffii:ss#-$h*rð# flf Fu -þ:pg$-LÊåtåp mai-nb*lneå ån åarknçss
et,?sF'i.r:. blre 3ænmral,:rfrffigs. $ anrl 3*ï
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qua,:-gty ff:?f;lfslplxüïÉË FYöh&,Ì]l"Y cLc vl*t e.ci a**1traëcly refLe** &he

E:¡:llcal behe,t¿1r:ur of Èh-'r-s t:rge.ni smo

EffecËs of tei::Peratutreu

3n eonÈl"nuÊus eì.a.rirness ?,t conetan&L¡r hlgh H,oT{o, Èhe

perlocite3"tSr fu; silere d"tsehe"rge rat,*e c¿:lneldeå ç¡ith the Þêr*

j-ad.J-c3.t3r of neturaJ- ter*pera.&ure fLuetue-tlons (fggs. Lå and.

12). Tflæure LZ d.e1:tr.cts b?ie resralts fro1a sp,:rapþ*re$ melrr*

tal¡recl ln tent B ln the ff-eld [n L968u in ¡¡h$"ch |t uas at*

tempted" t* *LL6vr netl¿råJ. R,Hu ehengesr Hclt*evçrro the BnlI,

rarely d^rnï:ped to heïopi EüS and. there le sgffielent eyl-

d"eneæ eLset+here Èyr $hi-ffi reî]ort t* 3-n*5.e4Ëe tþe.t F,ul[n fluc*

tue.ticne e,hove ÐÕ$ eo not prcduee effects çn spüre dS.scl:ai:ge

by the fte.j*rlt}¡ nf spCIrophorÊsø lhree*F*ånt ¡asvlnf$ æ.ver'åSe6

ri?ere ðrp^ptrre$ tcl emplreËtue tvende àn the r€suLts' l¡r figr¡re

LL (tent Uu L968)r the ravr d.ata are efåftwn srhletr emBhasiue

the hlgÏr +*rr*Latisn hetween ternpera*ure anú €$-seharge rates"

'llae trenås 1n sptre d.rscharge retes *f *g:r:rotrthcres

39 end" 1ü2 {Ftgo 11} had. a slgnlfir*nt posLÈ3-ve çorre}at3-on

wiËlr Tenperature ûï'er an L}*d.ey peri"od. (gaUte ll), The tabl"e

onÏ-y tr*ate {epufrr- iånÈil .âu€U.et 3.8 si.nee there i-s an alberatlon

$n eprr* cl-'ischa-rge rates after t?rls dæ"Èe :,rh1eþi ls pral:abLy

d.ue tt: erehsustlcn çf- the sporopho**"1 Th* trend.s in spore

d.i,scharge råtes of sporop}:ores 2f a.nd 3CI {Frg" l-2} i*ere Þos*

åtlvel-y ¿3ÕrrÉlated- 1'¡åth ternpere.'{:use eT3 ¿Èt Least f cu$ of 1?'

¿Exhau.st3"r:n of
cligeussed" mçre

si:ora.p?t*res
fui"]-y \n a.

and çycles $f €xhêü.88i{3vt rrr5.1} tle
]-'nber sect.ì"çT?,



Fåg- l-3, The re3-at:-*neÌt1i¡ hetween netural-L;tr fluetu.attng
ternperrature sncï ËÞ.]r# d"i.scharge ræt*s by spi:rüph{rres 39
and. lô3 i.n d,arlrness at ?rl,,gh Ê.uiïu ln tFr* fie1c1. {þçnt Ð,
i.g6Ð).
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*.a,ys {Table TTI}" ftrte cLatæ- ?,rere exar¡J.ne*. *n ä. cLei-l.y hasls

because a,T"tl'ror.rgl'i th* trencle i,¡ere si-m3"le"r t* bh*se ef sÊ$rÇ*

phares 39 and T&4, the sbsol-i¿te vaLue of thE: sp$]?e d-i"s*

ckrarg* y*.'bes sl:ov¡e,å *ìote irg-ri,ebinn frr:n d.ay t* i-ays p*ssli:try

due tc t:}:e sLi4htly Bres.rter R"E[" f]-uetuatLÕnsu

The snorerphares r¡arlertr ån t}:rej-r re*eti+n ts p. speelfte
tenrper*.8u.re ín tente E au.d. å1" Fçr er*nÞiea on Au6ust,2,?"u Zj,
æ"nd. Zl*¿e the Èernperature reaehed. a maxl"ffinr¡: sf approxlme.tely

60f' on eaeh days whllc bhe ne.xlmu¡q spóre d.Í-eeharge râte Õf

sporephore ?.1 +ra"s cl5"fferent Õn eeeh d.û-y {FÍ9, 12}" Sp*rophare

3Û exhj-bl.ted. the sa-rî1e beha.vi.+ur ås siloroaLrr:re 2? cn tÏleee

three cïays" Tt ie suepecterl. tlr'a,t tln* sporo¡;hnr*s €iÕ thr*rrgh

cyeJ-es r¡f eshar:st3"on v¡hen t?re;. ¿3s subjeelea. tr: fluetuatlong
l.n envirsnren'ba} æor,¡dl-.tåons*

ïhere t.re.e $c evtdenee óf a.n end-t:genor:.r rhytl,rn ln these

int¡estlgat:-r:ns s"nd. ,çilore eîlscha.rge trencl.s r{rere ru*j"nJ-y In re-
spÕnËe t* f,em,nera.tüFÊr "After Augunt 2ß, tfue Ëp':re rlisclrar8e

rete of sporophore 39 *rf,eacti,]-y cteellned a"ni3. E"n* sì)we c)-l.s*

eharge re,Èe of s?rcr{}Trh*re 102 cLropped tc a Le?ier LeveL than

prev3-nu,sLy on thnee eon'seeu.t3-ve days r*rlten the tenperatræe

clronped* Ftr $epÈer::.i:er 2s 'bhe spcrophor€s trere be.dl"y ÇIi€r*

gr{-lT{n and. cl-le*herged spores for cnly 2 ta } rl*ys Langer"

ËÞ+rnph{rrÊÉ 2! a,nð, 3G {FXg- 3.2}, whiLe showlng ¿e oJ.ûÊe

reåationehi'p to teri.fers'cu-ree ex-hlh.'ri;ed. mr¡eh greaber hcu,rly

fli"rctriati*n l-tr sp$rÉ cllseXrr,Lrpçe rates than the s;rnrr:phr:res

1-yr feni T)" $poroB?rr:res 2? anß 30 mleht lrave been sensgt.:Lve

tr: *i;:raLl- lJ"H* *hæ-nges 'beçause cf oth.er moåeturc *:onrlj-ll-ans
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u,,eï"l3"elr ïif:r:r:* *¡jn's*rr#ti.v*3-;y Lr":i* 5-n Ðhå* 'bemt, Ft:T r:*:t:yÊÐ1-e.a the

Ð.r¡*3"É:!l:* d.n"i"l:f nols.b"i"lf.e e,i:i';e¡lij,-rf i;l:e l:ui,lus 5,n t,cnt B l¡p,*

9T"6fl, v'*'tT* vTvr'fi in :ï+nÈ lr il¡s L-55,CtÍ1" i:i*rg4'o*ç;*, tlie r¡ iiæfrity*

c*:¿rten{;f; *.f '¿hr g_çr-ry,tph.cye:s ln tey'rt fr w*:tæ Tts-g;'rzet thsr:r 3-'tz

te:::t su ËÐ tYtt:.t, fac*cr" eçial-ci 31çt þciv# hgnn l":ir:-i,,.t:i,ri4;. .AL*

tli':ugh 3.'b na-s n'3¡ Èl:e 3nÐ.liat.l"an *f, i;l:5-s **ud*¡; *r¡ eli&üjlnê the

1::li,te*.is.te lri-cg"o*li,ra1:* *f tire gFçr*Fh.,:r*se tt, e'.rust -ee a.r|*

må*tsql th*,t ç-r¿eþi 5.nforr,:ati,rrn n3"ght havr; Treen usefuå xn expSaf-n*

fu:rg *i:r*e *f, the nneicÕ*un'bå&J-æ variafr-Ì,*:es *hüozrteri*

Effent* *f l!"3-,glrte

h19-tÏ: th* majürity ûf *p*roirhi:res ¡:turliede sï)sre Li"!$-

*h*.rg* r*.t*B raissç hi-ð?rest under e*::e13.'bl.*n"ç +:f *¡:ntfnrå*T¡s

sl.æ"rkneer rshen È*'np;;tra'tilre *yld" R*ï.I liete Frelnt.å:-ned. a'b sÞ*

t3-¡ium leve'ln ;l"cr s,*Ðye dissharger ?!ti,s i"s 3.Lï'irstrated T:y

flgu,re \j a.riú- FÕrtirrnß *f fl6r::.-:cis gr l":lp å6, ænd }f orrer pÊr*

3.*eIs *f a'b least IlË ?rcurg. ILLur:*;ins.t-'¡-*n r¡;.r.:.med e. cLj-sruät3.on

3-n *h* Tlå.t'bel:'t?åt üf, sÏiü3'e tlsci"inrge çìrse:rvecr j.n d.a'"rj¡.nêsffo

ton'brr¡l"J-lng th* emrtrÕR:âent es ï.ras s'Ui;era'1r'b*li i-n tlrås sÈuû.y,

ms.ql"e 1-* d.:,-tt3-¿:.ul"t È* maintai"n h,*th 1ì,"T'{, *'r;¡. torni:eraÈure p.'b

ç*nËÈån?.; level* lrï:1T-* ::egui-a"t:L*g n+hc lig;¡t'U -{-r:'bei:,sity" T}.re

s:erïr.l"ts lr n s3.x se::aya,t* sï;ui;.les {.Ffgm" J_3 fer 38}+ plus

the res¡-¡.L'h,ç fy*n tir.ree ¡:Eher ¡{Ni¡iij.€'s er,}'il lirçluiÏ-eciu serve tn
¡-11-:::.*'cy,r'i:ç 'che s¡ffec.tg ,-lf l^3-elht *T? spi:ye d,:i.sch.s'r"í.!c" ?hey s.3so

Êh*iui t11* t':..'-::j"*."r:J-l-1t;i¡ s:f .?-ighi; effe*ts sm- ï1ì,,: *.lpcir**h;rrss ¡¡'rlcl

r+*u1l* ¡:f ¿:.11 s3"*"r; exge?,1$ënes åre sh.*rn hc*euse ¡rf g¡.n,ç in



lr[.!14

&6

y***rd fr¡? 3-ntl.1v:ì-d.u.s-l- spÕr*ph$T'€s d-Ë{r t* pr.i:br€ir:s i{å*h

É{Ì??i"Þriì*nt 6

{L'h* dlccltarge r:s.ires Õf srj-¿j.es Â *.i:ð E rst s;p*r**1,:re T,*3t

i'¡hi.t¡h Ì:arå * *SrjLck t+hite me"rg3"n ar**.¡rrr i3t*, pi.leu-s an,å a lrkrj.*e

hy:i:en3.el surfa*e w.t.til ,ålstl.net -t*yeË åre sh.onn i_n figuz.e v3,
SLåe A *f t!:1s speirr:plrore dl.çchÉr.r$scl sF. :f,es e.t e" high ret*
for fL,t+ **nse*u.&åve d.æ,ys und.er e*n,s_åtåilns ,:f cci:tinucus
d"arJtrresss higï: Fi*H", and. Ëerup+:ratu¡:ee +f 6t to ?û.F'. Thj"s

sÐorçph*x"e neiy 1:e *oinpererl t,a r¡:*rr:phore T.*.L?. {w}r.rse cJ.ç*

che.rge ra'bc* es'* sh,:lnn ån f3.gurÉ gi sirì** fl.:r*¡¿ Ileth have

ït5"9?: :ra*ce.s e:f s.pûr€r ¿1j.sch*rg* e_nd are healiÏ:yu an.d Lt l¡*uLcL

"!:* e;r;:e*terå 'l;?rçt *?1,¡ro*þ*re ].*l_t trgULri he Ð.S jl,:rs*i.¡gltj_ve s.g

s1:c::+phor"'* L*:.2 tq n sl3"gh,t d.esresse in BoIl, the i¡.i-É;?r rg:frc.r

of ii5.s*i:lr:.rge1ry sicle A of s¡:r:rr.t¡ri-rcge t*g i+*_* reúu¡ceqî. *rtly
c]-urf"np: elii]ÕÊu-:r* È* 3.1.ght, lf the red.u*iji*n r,rere clrle t,,:, Boff" e

3t l-s u"rrll-ireLy th,+t tL,le clJ-schârgs re.te r.;*uJ.d rÊ:ú$vÊp hefore
Eull* retu-.r'rreii to 5-ts h3-gh LeveL, The secnnd. ea:p,ïËurå.bo Lj.,ght
qu"re3tly :Inhj"bitecl Ërrç-s'e dis*h*.rg* t 'b* 1+ þr+urs *.ft*r the
l"ieht p*rå*r:L aras begþnn

r?t,e d.*ta ûn Ëp$re d-Ls*"harge by er:*rar:h*r*e L*J. (T¡i"g, L4)
iå.vû :.R**r,ilp3-ete c-u.e T;,;: teehnfca"t ci.iff,,r,*ul.ti-e.e" lh appeare tg1a9

3"5"girt +f 12ü ft*c ha-d "Ltttj"e effeet *n Énore dt.sci:,=r6e r*_ten,

ryh5.J-É .L3gh.t J"nte::sLtles of ¿lgo enc p00 ft*ß re';åu:cec- Ëpr:ye

e93"**ha-rge *"nd tÌ:i1-s reduatlon cêrri#d j_nta ïÏ:e e,nsi:.5.n6 per:Iod.s

*f ii;arlrnÊsso Aft,er Ja"nweæyr ].l+, tltc ËT:*r*pl:öîe ce*-sed. *-i**
e?:r*"rging ÉpsïÊsr
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4g

,$p.*x"rpï:*res L*? end L*3 shoerect a s3.mlÏ*.t* res:)Õns* tg

Llght {F3.9* }5} - Hxp*sure to L3.g}r* af ll$fi ft*e i-ntensj"'bf re*

sul"ted in a dg"ûp ln sp*re d.3-seharge rateso FossåbL3¡ låght

ancl" s1ågþrtl¡r z'eüuce* Rull" kre.ve an ad-d"J.ti.ve *f,fee* $.n the

supprf;ssåçn çf spûre tl.lscharge re.tesu but It ås '"rnJ.*"ke1y

the.t titç l"owered. R,Ho alcne sausçd the red-uetii*n ån dl"g*

etrarge ratesu elnce tlxe d.rops ln R'll. trere sli,ght d.urlng

perlo$.s of, L,leht appLleaÈ1on, reee!'rlng 6tF only beåefly on

Ja¡:uary 1?* Ëpor*phorç L*â ç-¡r*s not affeeted by Llght 5.nten*

slty of J-9tft*es hut was affected }:y an 1nÈens3.ty sf I}90 ft*Gs

$porophoye L*3 only resel:ed. tr,rt: peaks of fiptye d"lnohargea

bsth ån darl*nessr end" sheia¡ed. eünststçnti.y Lor.¡ rate.s of d.ås*

eharge e-t c;ther Ëlmeso

Sporophcre 1] was .q heaLÈhy sperophrlre csl"Èh srüaLå

untf*rm pûsÐË and t!:e sï)Õre d.lseharse rs.tes av'e,€hçnn in flg*
ure L6* lhe Cl-sçhareie rnte d.1d nnt seern ts be *.ffeeted. by

a f-i.ght Lnten.såÈy of 1"2ü ft*Ê lrÕr the &eçsr.ûpÉu?y1ï]S R,Ho

chengesu $por+phore 86 another heal"tlry speeårnenu dlcl not

seerlr t* be affec*ed hy lf.ehË lntenslty Ðf 13t fÈ*c untiS

June l-?s when the changos trn B*Hn rvere proba,bl-y resp*ns1b]"e

for the J.sç,rer cl"leuharge rete* Ðro5rs in R*Kr from 9?S te SûÉ

d&d not s,ffeet the Ëpore $iseharge rate tturlng e,¡ntl.nunr¡s

d.arkness on June 3.Iþ end. 15E and theref$re the redu.eed d.3s*

eh*rg;e rates on Jurue 16* 1Ð* snd. L9 $ere pr*bebly nnt se].e1y

due lo EoT{, e}reng**e althaugh R"H* roa}r ha.ve lnfl"uen*eå S}:ç

res'ilÕl?s€, H*3"ti':er sÐily{:pþtnre regaf-neti" lts or3.ginsiJ" h3.g}'t
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Flg" 1,6. fh* relatS"e¡nehåp bettqleen L1e,lrt {fAt ft**} and.
Fpóre cllsehs:e$e rates by sÏr*r+phores S anel 33 $n d.ark*
ness p.nd. sL1ght1-3r fl.uetuati.ng tenperature j"n Èhe 3*.i:or*
atnry"
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rate i:f Ël3s::* {lec}:a.rge a{te::r ç:rprlsurÊ t.* }r:w RuÏ"1u túÜfl\

f cr:: f,:¡nv hcu-r.t u ?uylð- a"ppeaæ*iz þlr¡æt:*s.tte:* to ]:e ¡¿ere sÐã1så*

*3..ve; t,+ 13-ghÈ ånts;:':s3.t¡r *f i-ãt ft*r,"

'5ncfr;l:h*ve L*9 -:,'re.,$ a hea.]-th¡r spa::r,-pltc.,r* r¡r1*ft s fi-rm
i,rrlrit+ 'ni*.rgin rt"wd. æ. st,*ep.l-y åncl-S.ned v¡Itlfe l]*r'€ l-e.yer i"¡:ith

unlfcrnl¡r sp*eed p*rÊs. Exce1ttling 4f; hours fi:r ret,rveï"J¡ from

sbr:reges sp,3tl* clleeha-rge råtes rer...*l:ed. æ ?rJ.gh level und"er

opblmal ccna,itl.r;ns crf da::lcnessp hL6h H.TT"r anrìl, a e*nsÐa"nt

tem-peratime oi 6O b* ?tF (Ft6" l.?¡ " $cth såd.es of sporr:ph*re

l*9 ?reve sen*åtlve to l1gi:t 1n*enslty cf LSfi fE*Eu tdhen 1"5-ght

Xntens:.ty trf Lptft*e a's,s 1r:trt;*.uced afi Sgßt ï:ours on Fe'brue.r3r

?þ, tlre spl:ve iti.se?'rarge rsfr*, *f spûrÕp1t*x'e L*9F rtropped. fv:om

aÌ;'out 9tÕ *:pßres per f!,eLcL to eppro:cineteLlf LÜ to 3.$ spores

per field by 3Ë#t Ïrours! erren th*ugh neL'ch'ar RuHn ner tenip-

eråture h*{:" ehelnËeel* A. sLmS-J.ar' :ledue{:i.on oeer¡rred. øi-th -sÌ}ÕrÕ*

grh*re t*9Å, å reclucticn Ln sprre dlssh.,sre rêSë a.l-so r:+su^rred.

r*f.'çh sporopï:crc L*9Ë l'¿h.en litrht rryas 3.¡rtr*å**etL on i;5a.reh L"

Bhc sTl*ve ûå-sei:ar6ç pate dr*ppeci frms apprnxS.netely L800

sTlcres per ni"erË$;eüile f3-eLd tç *h,:ut serç ¡rer f3.eL<3. before

the R*T{" ítropped" at al,}* B*5u prsbelrl-y hacl ne lnf3uenae ûn

Èþe red.uetåsn ån spor* då.eeharge rå.tss *n T,(ar*h Ir sl¡tce ëhe

FuÐ" ",rå.Ë st1"L1 €r*pp3.ng sl-SghtLy e-t L53O l:slme when the Llghte

?.ïerÐ turnsd- crff;s er¡ld. Èhe sptre dtscharge råtÐ had re'hurvreå

t* lt-s hLgqh l-ç-r¡ei" by thf"s 'time"

Tt J"s 3-nt*v*sti-nË! thet t}'ie sp#re clåechra::ge rate of sid.e

ts *f .*p*::oÞ3:r:rr* T,*9 $Ð,s reducec.i. to the ss-ne l"*"rt I*rreL on eeçh

of 'bhe next tli': ånye aît*'t l{ar*h ã", e\Fc?ì 'bhou¡:-h 1å#ht pia,s



Få9" Ï?" She reSa-tt*nshlp hetr,seen 1"leht (i9üft*ç) e.nd-
,sprlr€ d.:Ischer¿re rates iry t"øo gi.cress Á and- Hu af sprlre*
phore L*$ at *onçtæ.nt temperature æ.nci }:ågh Ru lîn ån *lre
laboratory¿
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not a'pp].Ì-ert' Thås s+as the onJ-¡¡ eæampLe thr*ugh*u* tltts stud.g

of an e.pparer:tly eperðål:Tt:nee1 rh¡rthm r:f s:l$re d.isch+rg€ p€ff*

sl*<tlng bey*nå tlte exlstei:ee eif, th* **nr'i.åtlonång fact*rsu
fhe mei*rity r:f the sp*roplr*res of Fu Ss#Ég,Eq_qff eahlïri.ted,

perlsrliej't'i"es cf Ëp*ve r?.i"seharge s¡h:-cïì wsrr c+:up]"etely ex*

Ég€n$uÉ a.n*. d.ependeyrt on environ:$ents.1 faetorg"
$the Bî)Õre diseharge retes c¡f s3:*r*ph*ees 1l s.nel 3¿1,

BrÊrs re*uced. by J.llumivra.tten by Light. flrf ?6t ft** ån*ensftl,
(ftg' l$lu The ]-l.ght aLsç appeered, Èo rçj;ercl recovery *f
t?:e s¡:*rcph*resÉ sinee th*3, did not resune higt: rat*e *f
s orð <i-3"sehr:rge untåL p.f,ter two tt: ilrree Ìr¡:urs in dsrkn€g$¿

lnÈeractå*ns

The effeets sf ånteract-lng faetÐrs +n sprlre d3-seher6e

rates san be ûë€3r ln fÌ.6rres Lg to 21, sho:wtn6 studfes i'íhj.eh

rv€sË e}l undertalsen [n the fle]"d, rrl 1968s fent c {Flg. 39}

aJ.LpirecÌ. exe.m3-ns.tion of the 1nÈeraotl$ns l¡etween te:nperatu.re

ar:id 1lghË where these f**tars rr¡*Fë uncl,erg*tng; natu.ra3. fluc*
tuatS"onsu *,3.th*ir6h 3_hght qualtty and. j.nüensiËåE w,ere sl1ghÈ].y

aLterec. due to pe.ssage thrr:ugh T:Lastl-e" Roli* q,r*s held" *üTÌ*

t3.nr¿sueJ,y a'b Ë!:re satrrratlon Level,* {Jnså1" AugusÈ Ê8, ells*

eharge r*les ï¡syià p*sttlvel¡ eorrel_a.ted. r.lj"th temperelture ra
onl-y f*rrr d.*3rs anrÌ. n*t th* såttìe four days f*r *ech sir*r*ph$re

isebLe Tç)" Aftev .&ugust ås, the s,ïûre d.tseh*rg-e p*Ètern

'*ras nl-tered. w3"th ï:l6h dS"seharge re'tes oeeurying aÈ low es

v¡eLJ. as hf.glT *er$irerst$reffi* cr:mpari.:sÛn of theee d.p"ta r.ritlr
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\ô\



tf
H 1OO
lm
k)

hso
h,¡

l; 80
lut-
lIl. 70
lcJ

l=
lo. 60lu
lrr

l. so
luJlrb
b40¿
Ë30
E

ö20
(n

l¡

# 10

o
ho

2400 1200 2400
Aug.28

j-9, Continued."F1g.

RELATTVE H Urtr tDtTY (% )

1200 .2400 1200 2400
Aug. 29 Aug. 30

TEM PE RA RE ('F.)

1200 2400 1200
Aug. 31 Sept. 1

CONK

coNK 190

2400 1200 240a Qoo
Sept. 2 Sept.3

\^
-\)



58

Table fV. Correlatlon betr¡een temperature and. spore dlscharge
by sporophores of P. tomentosus 1n tkre flel_d, 1n ârr €n-
closure ãllowtng nãtu;ãl:mlla.tlons of tenperature and.
Ileht' (treatnent C, l-968). (See Flg. 19)

Readlngs
Sporophore From To Ðate df

Comelation
Coeffl cient

32

32

32

32

32

32

59

59

59

59

59

59

0100 hrs.

0100 hrso

0100 hrs,

0100 hrso

0100 hrs.

0100 hrs.

0100 hrs.

0L00 hrs.

0100 hrs.

0100 hrs.

0100 hrs"

0100 hrso

2400 hrs.

2400 hrs.

2400 hrs.

2400 hrsn

2400 hrsn

2400 hrs.

2l+00 hrs 
"

24OO hrs.

24oo hrsn

?400 hrs.

2400 hrs.

2400 hrs.

Ãug.22

Aug,23

Þ'ug,2l*

Aug,2J

Aug,26

Aug.2l

Aug.22

Aug,2J

.Aug. 24

Aug,2J

Aug.26

Aug,2?

0. J31*x

0, 59 5xx

0. 628l$++,

0. 605x*

0.2.0 5

0,460

0,202

0.061

0,467x

0. 567xx

0.69þ'*x

o,697xx

23

23

23

23

22

1t_

23

,2

23

23

17

1L

gnlfica.nt a
Slgnlflcant at the Jft Jevel-"
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#pûre rrl**harge rerfes fr*m sp*rr:ph*res j.n tents F anrì. Ð of
l*ç68 {T*3.gs" 3L and. L:äl , ri}rere csn¿}3.Blr.:ir"s r?&Te **sen'l;ie-1J-y t}:e

sürue except the si:tro;+h*nes 3.lt the l.¿:¡.tter t"'.lrr Èente .rirere Ln

cantinuol3e *-ar.hntË.$s reveaJ-ed gr*ater q¡*-r3.at3*n Í.n perl.ldgcåty

of É"Êûre C3.sel:.arge re.tes ln €he Ll.ght, Í{i night be *oncl-r.¿c1.ed.

1ih*.t t']te lntrc:ch¡.eti-cn of L5-ght *hengr:d Eln* pntbern of ËFore

d3-**harg* svz f:enË 6o rn 3"969* a.*j.nn5-Le.v trr:*¿'çnrent { the first
haLf ef Ð3:e *cLlect.l"cn per3"*d 5n Ðent B) pr*s.uoeeî ths sårge

restelðsu altlrc"ire$la Teve1e +f, ,r.J?üre e.]-leehergË l.r*re l*r,sss'o

ln tent tr çf 1968 {Flgo 1g}, sp*t Låe;ht r€j*_cï3.ftp;s c}n

*3.onrr3r nverenst <La.yu (r,¿hJ-eir lvrcl-u:deq3. ths ent:Ipê d*}rs on år¿*

gust ?Au 2]"*, ]1"n tiepterorher 3e 2s anrt ]t tlre mor.nf"n6s of Át¿*

gust 22n 23n ø.m& ?il-g and the afternorn$ of .åugu_sb 26, Z}u

e.vrc â9) sho-r'ved- tha"* the sr*f:opÏ:ereË T,reve exposed. to 1lght
iv¿te¡tsi-bå-es øf fr*m Lú0 Eø ä5û ft*ûo Ðuri.n6 FÉrlÕd-# $f sü.tx*

líaht* lntenså'b3-es: frøw 2$0 êc 23sü fÈ*e r.rer€ reecyd.ed.n Áïr

*r'ên se.î:e *f rîFore diseharge î,,râ,s ehorãr¡ bp,*p*r*Þh#re jZ Õr1

f3t* 'åa-gs Þrå.th toËel. *3.*ud. fôvsr whi*P: mj-ght Ïra.ve heen d.ue tç
low 3"lghÐ 3ewel* a"'ncl the si.$.gh*e3' b}:an nor*+al flu-etriatJ.ons

ln *empera'brlre* Ar¡6ust 2g a-ncI- 26 weye th* *m.1y entirely sunny

d.m-gs anrï.e sn þo*l'l Ëhese deysE Ëite *perophcree çåro¡'recl" a drop

ån ,tpore cllsehay€ie rn"te t$misleneL:r¿g at, å.pprc¡:fl.¡rrs-tely l"g0$

hourse fçJ-l-sr,¿ed b'y *" '?¡ea"k ån s¡:ore råiseharge l"rhieh lagged.

appr*xlna*e1y four ïrr:urs ï¡ehtnd" the temi:ere,tr;r,re peali" îhe

mcr::rii'rgs *f Áug:lrst ?.68 ZSu a"na" ?p iliere .sulxftffe e¡'rd spçre d.ls*

*harge p*a.}rs 3.aEg*cï behj-ncl ùeraperature pr¿ìks #n Ar:.guet Ê6 an
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28t t¡:hile a åepressl$vt -!"n spore clS.scherge Tiflâ"Ë cheec'rred. aÈ

noÕn sn AuËir¡,gt ?.8 and 2*n tn tlre three d"aye v¡3.th.$ünny after*

nsúns *n]-ys {Augusf: 22, 23, *nC. 24}* a depressi$rì or }ag

1n lhe sp$re ci.3,sehe,r6e reÈe was n$t apparent' Tt sppÊârs

tltat the effeoç cÍ' natu.ra-1" l.16ht acleÈecl t* a n¿rturaL temp*

eratu:i:e regime çsa-s Èc åe3.ay by 4 to 6 hCIurs t}:e raaxlnurÉ spore

d.lsck:arge râ'be rqh5"sh er:3"ncååeç ¡'r:"th *he Ber*pera$ure peak

å^n d.arkri*ßs¿ On eLoud-y eLa-3rs, Lå.ght effeet'e rrverË ne#L1g3"b1e*

'flt* r;pÕre d.ischæ"rge pa'etern of spor*i:Prerre L9ú a¡as 43"*

m*st di"re*t3-y opnoslte t* that pr*d.ueenl" l:y oÈher spnroph*res

in tent t tFig- 19). Sånce È1:u--: ri.rcp Ln ËF,ire rii-e*l:*rge rate

?:e6r.l11 rshorbly before ov a.fter mlå*åay *,nd. c$::.t1nued. intc¡ the

aftervrÕçrtù 1t :'tråglht 'be q:onelud.ed. thet tl:ti$ sBor*irÞiore 1'rãs

i¡e,rt,l.eula.rly senslt:Ì.v* tc l"5.Shtu I& et:nsistent}}¡ exhii:it*d-

this beltæ.vl"ou;' 'ilhr,*ughouù S?:e per5.od. ef *hserrratt.Õne

F1.6ure 2t d.epf-ei;s É:l)ûre eiischarge rates fr*in eporcphones

t,r lElricl'¡ 3.16ht was appl3.ed durlng tlte peri*il ef temperatuire

1rrsv6a.*ë! ü700 to L9Õü hcars' Altliou8tu híell: ituSã. and. 1üerea*

si¿i?€ temp*raÈure 5-ndueecl a h3.gh rate of sgltre d.3"søharge Ln F
prevåaus stuúies in úarknêsep elqpnßure tt: 3.5"9?rt nh,LJ.e sther

eonill'Llclrs l"Í€tr* fav<¡rab3e reeuS.tefl 1n depreseed ßirorÊ ßis*

*lra-rge rate*, l,$ax1mu.'m åischaråie oscurreå 3"* perS.ods of clark*

ne$s ancL ml.nlffiurt d-åseharge 1n t?re Llght perlocle u

$a:rlmum d.3-scharge rates aLsn o*eurreel ån cl.ark perf"cd.e

ån 'uçnt t sf 1969 fron llugust 22 ta 26 {Ff g. ZLI r ln ¡'øh3.oh

i"lght s¡lãË Ð.Fpllerl, Fíh1le the *e::iperatur# s,rE¿E r:is:l-n$ {0?CI0 tç
7
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13û* T'ror.;.rmlu en$. 'rht H"îlu w#-s fs.vorably 1t3-gh, Sg*:'e d-i"s*

*hae¡¿* s"eÈe* tr*Te e*ns1*tent.T.y Lower duz'lng the sås*he;ur

per'3-*c1s of l-1E;}"rt a"ppÏ.1e*.t3-c-ln" A rlse in spûrs d.3-se}:erge

råt€ oecuvretf- i:a;::ed-l,e-te15r ¿gç*r ëhe Tf.Ê;hbe r.¡eye tuz"rred- cpff s

aLt3:ough. the d.3.seherge yate wa.e h3-ghi *nLl¡ hrreÉ3"y, poeslb3"y

årre tei the Lav.r tota3" ¡:otentla} far hlgh $pore rllseliarge rates

i,,rhieh sas üyp3-ee} of ali" eporophoree exæ¡si"necl. i.n 1969, ænd.

possl'tr1y elu.e ts the fal1iylg tereperatüFsc Fyon Âugi.rst 27

oniEard.su d-*.rknesß ?s*-s nå3-rrt'ained d"urång æetural" d"a"yl"1ght

hclurç t#7øü t* L90C h.:ur*)" $porophore 29 d3.seirarge+ Épö"seË

d.ur5-:ng 'cheç:* perl-eds of d"srkRe*e ehowl"ng that revçrsal of,

tlie natureJ- 1"3.9;ht eyele ean reverse Ehe spÐre d"S"ecliarge clrçl-en

$eË rË-gåË s & Êå# s- gRÈ ç s {}c Ë s-r 4--r r ßå"tåes å -

Ftg¡¿re 32 shoro¡s bhe sprye d.lscha"rge re.tes sf sporophor:es

mâinta3.ned. under naEl¡.ra11tr fluetua-tlvzg eöyrclitLons gn 3.968

{Èent Å}, Frsrn Aug;u-st 2ä Eo 2p¡ &Tr even per3.c:dlcity nas

exhlblteå by f*ur sporophorese 5"n wfif.eh maxåmuru Ëpôre d.1s*

eltarge CIeeurrecl f,rom l+ tcl I hours after the temper+:ture had.

rea"*?1ec1 a peak' The R'Tfo had. þeen ri-s:Lng from lts Lovrest polnt

fr;r a s3"milar periad.* .Arr3-val- of naxlmum Éprre dlreharge wÐ€

dele.yeci th* runst on Augu",*E 25, d.urîng; ¡¡h3"ch elear sktes pre*

vetLed., anå on August ?6u Brhieh wa.$ el-ear onl-y ln the morningn

OR åu.6irs"ü ?-7u r,rhl-üh Trâ.s al-s,: a eorn¡:3"ete?y clear åey* the onset

of the peak ?,re.s not æ"s d.ele.yed. as on August ?5u bu* â ss€*

ond.ary peaTr o*çurred. apprcxlme-Sely 6 hours aftcr ÈÌre J.nåtl-al,



F'19. ?,3,, fhe rel"atS.onshåp betqüeçn n¿lttlrs.lJ.}r fïu*buæ.t5-ng
Llghtu tençeraturea *nil. R"ii"ç s afld sf:#re ß5-schar,gç retes
by sporcplt,:res ãi+, 25r 7-6u anrï.88 in the fleLd {tent Áu
1ç6Ë i ,
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pe*L{s üT?.år"egusÈ ää to ã4ra el"*r.rel **T/eF $}FevË"åJ.€ð 3.n Èhe H*ïË3*

$:-a$ æ"n{r. t}re spsr€ *ls*he.rge S:eak wm* m*ä es d"*l-*l¡ed. ssx

these *s5.s ** ü!r tþe su:tngr da.ys* Be$ånnåirff tn *he sfÈera#ûn

üf åægnst eS* tlter* wcìs å ç*ntånr¿nus per3",-td. of ernreves,st ß*.ys

wï:leh enüeel *n $ep&eatber 6* $¡¡rtng *iri.s t1ees thæ pert*å*.e3.ty

øf s3r*re ils.schsrge FïÊ.$ dlerupteåu Llghà Level.s r{ere sÐ J"cçç

ss to be f.nqffee*J."Ere 3.n ånflugfteirlg m*st si:*vc'plir:res *nd.

åenpersture e,-m;p],åÈudes were grea"tl"y te*ueed.u

fhe ËeT e p*rlodicf.Èy that nas exhlblÈeti. b¡r sp*rophares

from Âu$;rst Ëâ to äp *.n 1968 a lÈe.s alsç sbs*rø*cl for spor**

5:hores 1n 1969 fCIr 6 d.aysu fhese spor*ph*reË r"rere stnS-Lar].y

exaTn:.ne* unåev na-tural. eond:1ttrens end. pertûålelÈy occt¡rre*

errÉn t!:or¿gh the $psre dlsc.hangç ra.tee i-n 19Sg were generaS.J.y

mueh 3or¡'r*r' theTl those in 3968"

lp#s"q,!sqË**#-"p€"Èull !å sfffi'
' eer*e.3"$ phenonene $¡ere +bserved i5.u-ring tlie study s,rhS-ch

i{er€ n*t yeLated. to Èeehr¡i.ca}. pr*bLems anel iEhi.*}r T.rere lmpor*

ta::t t* th*: l*ËerpretatJ-an cf el*te, '*n sp{}re dís*harge rates,

$naceçuntsb3e veslatÈons 1n sp*re iïtrs*h*rge rå.tesn

Fåg;nres â] s.nd 2Åt. sho¡ç tçsr: exanÞ}es *f varJ.atlon ivl

spÕr# dtsche.rge raËes whlsh ?ras u$reåated t* any of, the f*.e*

tors esemlnedu Ehe eonstant L*vels of Ltg!:S¡ tercS:ersture* and

Tt"Hu ËhÕHin 5.n flg;ures 2] anit 2& usua33¡r ç1å*3.ted a og>itstant

st3$re d.1-*eh*rge råte fr,:nt the naJority of spor*¡:1'rores stuåled.
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Flg" ?î-t', lIns*ç*un*a'bLe var*.atlciyr
b¡r sp*r*phore L*6 ln rr*"ri:n*ss at
temp*rature 1n th* 3.*.h*ret*ry,

3-n *pore *.i.*ehr*ge ystes
hi"gh ä*H, anet eonstent
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{e*6n p*rttrons cf , fåSures 9, }1, 16û end" 37}" fhe ilhenötnenon

wss nateel" e*:"1y ln the sti.lråy to be eors.pø.ratLvel.]r yz-ye and. tÈ

tQÐ,ü gÕffipensetÉ*" f*r 'by sä.:Épl-j"ng â'b l-ea,çt "n"wa *portrSlhores 1n

eaelt esperJ"ment, and even- tlro sld-ee of {?ne sp*r*Tihore ln gome

e:rperl&entsn

Varlati-ons l-n spore cltscha.rge ratee fronr dlfferent ares,s of

the hymenf.umø

The s*.rru¡:1-5.n9 equt3.:nenð usecì l-n t1'rls eïud.y neeessi"taËed

ehoost-ng a mature &reå- *f tho liyreenl-um iqhioh v¡as dlsehargi.ng

Ëpüre,g* Tlte re*qpon*e +f the âsêâ, çltosen ru*.y not he-ve beeya

repveÊentr¡,t1-ve sf the total, resporåce of the sp*roplroEe and.

this u¡as 3.nrrsg¡itsted by samp^l"lng tnei slcIes of a sin8Le

sporophore. ãxømBles are st¡or,.'n 3.n flgu-res p, 13, L?r and. 2tø

T4e Ëi)Õre dlseharge retes frorn tsio sl4es of a sp*r*phore

T{erÉ generaS-3"y slmiLar (eog, F3.6" 9}" ffioweveru då.fferenoes

r.dere observeåç for exarnple, slde B cf sporophore L*10 eeased.

cl.t.scharglng spirree tw+ d.ays before side A eeasec. {tstgn 1-3}-

TltS-s hehevlou-r ?¡Ë.s a3-sc.r observed Ln sp+r*pTrore L*9 (ftg, L|l
Hhen twei sf-cle* r4xere eom¡:arectrn ûbgervatJ"*ns e¡f the hynen3"al"

surfece Ehsr.red- that 'ps.rts of the 'oot'e Ï"eyeri,{etre 'mature when

cther pa.rts had. nCIt yet m.atr:res oy lrad aLready eeased d3.s*

Êharging spùres" Alsoe soae Þarts *f 'che hymeni"aL surfE¿ce

slroiøer3. &. ïirrre ra"pid- rate cf exhe.råstion tha.n others" Hy:rren5"e.l

rrerLetl-Dn was mÕre evldent 3-n the Lal¡sr*tcry than t}:e fleldø
poes3tr)1:f beçar¿se the, sporophores used ln lebora*ory Ê$1)Êf,*
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l"'*ie¡x'ç# ?'tç;ú- T:*qrt ,tr,li:Je*teil 'b* l"*r:¡ ni,:r:ra¿;* t*npexr:fiirye€ *f

2 -** {.:C* d-v-r5..ng vt1lLeh" titn* SJ"r:-"¡ ?iå¡i,r-¡;n-"r-*} í*V*Lr;pmenÍ was

*3rs*;:v*ri" In thc ryrústiy{}+, 3-nvestlget,î*yts 'HhÉt:* tyzï) o?:iee-

'¡i'çrg xars E* *.y;tt"tzl:"ne the genef*L nesprlnge r¡t ?,he fG*guse lb
t¡ï.r)fr fel-t the.Ë hyr,':en5.al rf*:"f5"e.{;1r)T} T¡tå* üûËrÏ}en-$å"ted. f+r by

gaîåp}ång Large nl.tnil:ers ,:f , spercpho:les {*"*pl.¿Lx3,r**-te ly 3,Ût) "

Ï¡urth*:: **mF*nffiåti'*n wp-e affcrded" bå' þasåirg c*rrsiu-sions on'

d.aÈa *h"at, ?ie*e s*nslstent s"Yer s-t l.ee*t n' ?, üY 3 rIa-y peri*å

f*r riny lrea'b'r:er:t n

SteðeS of ,*þ*re clåstÏiÉrrâjeË x*rtUtrat3"*n.u e:lhaus{:j.*n e"nil. çe#s#'tfOn'

T"reclu.+:n'Ð çhser=rr¡,r'iii.onri .rf' g" Fqgre+ËSro¿S r,'lhr:i'íed T']*e"l:, the

SÞ*ye ä$.si:k:*.rge s#-te $tå# 3?.+{: *ffe*teå i:y en"rrÍ":Cr:nuentaL f,eç*

Ð*r"s :gh3-l"e titt+ si:o-ranhoyÊ ïi*s rra-FueÍ-rig's enit ETte e¿¿i;e å*q:eeased,

,$reo-u.++"13.¡', ?:ut eteadf.Ly* unt3.I'Sl'l<l *p*r'*phi:l* T{ås *n"ep3"e{;eÏ.y

natr:fe" IF,re$ lhen optlnial- ()nvi-r"'cnlíi*;ttt¿11 **n;2"ttï-awr* pf+va-3,3"ed"s

'b1:* *1r'*rcipitt:vel ciL':i n*t cltsr.ha::g+ Ëpürâj$ *''ç ¡:. nnxïr:.::n retg

r3-urlng tltr: per3.r-¡ti *f ¡i:atu.r+,t1t:no l1'¡*' s;:*x'*pir*re -*eqielreel frcm

2 t¿: ll ß¿lJ¡s fr+m the ,:nsç'þ +f $:)iil:* ,:I.isr:harge Ð+ s"+,Ë.gh ElË"ã{*

imu¡n sÞûr*ì d.}s*ï:iarge ïs-tesç

å pei:-ln*. urf utnl;r ] fr* 2 cla.y* 1¡e.* neef¿*ß t* r'eaçh liåa'x*

í:.nu:a s::ii);ir$ d-å**hr'rgÕ reh'e.Ë h;r s1:*r*p?:.'*r*,* stutil*cX l"n" 15he -abar*

a'b*rg, 'fhis ir*.Ë r1íst.Íi:"igni;s]:eå fr+in ti:e ms.tuve^ti<l¿l ;:e:::ioå sh$r'Yr?

hy sp';::*r-¡1:az"*E în Í-n:t f'jre1rå ,s-l.nees tc? .bl::* f*r;ler¡ 'h'h*: sjlort*

¡:htrr:*< i'.ete ;,'lrei:,d.y i:;s'tij.::Ê içh#n çg::*rJ-:;i*ntc,'i;i*Í? :ri*s he4trr:"

Th{rref',:}:e¿ tk* 3-n1tie1 3s.6 i:r¿ spûve ri.j"**larg# Tfr't*fr in sp+ro*
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Ilh$3"s6 ln -bh.e 1a"þoretary ?rä.Ë not {ue ti: a d"eve)-o¡¡rnenbaL

ste,ge t ?re'r' ratlrer þç an a.ci juetment perl*d. "bo ner'¡ enrri-rûnråeïT*

tæ1, cnnäì ti*iaen

-& eeccnii. ¡:hencme¡nCIn observqß C.r:"r3"ng spâre d3"sc?:a,rge

sfu-,{.les r¡as the eyeT-le peri.*cIç of exhaustt,:n ezhi-'lrl,tsc1 b¡r

most healthy sp<¡rcllh*::ÐÊt Arr J,n-d.lv3.duer- spærophcre d.i.d- naå

al"erays Br*d.€ee spore* at thc Fæ;ïe rate irnd.er the Ê&íile ngrtl.*

m¿r]" eûT?Èåti+ns fcr spcx'e dås+h*Tg€+ Tize frl_fferent rates
gt:*Lú be rlue È* teæpr:re,ry erha'r;st3-cn r:f tli* ei:o-snphore, li3.f*

fere:nee,s 3"n å5sehÉlg"ge ra.tes by sporcaph*res ln tei:rt Be Lg6ðd

trere r¡hserv*ct lflg, A21ø wl:çre the Ìråe;hesi; rete of $l]¡re d.ls*

charge ci:ængec fs+m d-*,y t,* d.e"y unrx.er i"dent"+"e*l +n"{3-y.ons,ental.

ecnd.l-Èi*i1i.sr lt a.ppe*.red tlret sf'ber n da"3r *r t¡rs of repÍc1

spûrt ci.f *e"'rarge, thii epnr*p}Tc:T.€ î¡rßs une.l:l.e t* reepond ag

wel"L c¡r.r. the thi-rcl ,::r fCIr.lril-t d.ay, a.y:.cl tË may þot reocver r¡,nt1Ì.

æ, Say Ðr tî{r-, 3-atero ffhe phenomenc}n r¿tg;ht *.J.sn partiæL1ff ex-*

pLef"n why sp*raph*:'e* in the J"ab*ratory clíd nçt dlsehargSe

sT)fires f*r as l-ong p*r3-ads nw bhnsç 3"n Ëh¡:'fleld, $poropleores

L,rr the J.abr:ratsry ?iÊre expn,*ed È* constairt conct-iitlrilso s.nd.

-r^ihen 'bh*se csmC.5.tå.ans ïr*re ol:ti.raaJ- fcr high Ël| t.rÐ díeeharge

faÈççu the sp*rophnre r:ri-g,h'Í: hiæve nr,rd.u.çerl spflrëË at a hf"gh

raËe fnr seve::*l c1ãys *q:ntlnucr:s1y leacl3.ng ta a ra-pici. and.

poselbly p*rr.:*n*nt cessati.*n sf spCIire cli-rohe.r6e* spcr<ii:h*res

ån the fiel"rl irsre ex,p':sed to e-t least one natureLly fl-r¡-etu*

a'c:.ng f*c'bor an*I the¡r p+sË5-b3.3r dj.tl n*t exheusf, rapicl1y be*

sau.se the fJ.uc?r:,atång f,e"eä*l:{s} mean* thæ"t at leå.st nart of
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trçr:!n-g *Ïteee peråode *f 3e,ge sr.:r-f.-ïsl¡-l-e entrj-tr.rnney:.'ep,l- *i:ncii*

tirrn.x s 't|r* sp*r*-¡:hr:re någ;ht e regi s 
"

3n tlie rsvere"r"httre sl*.&e (u*ua3ly lag'einß l" trt 2 clayc)

i,ahleh 1e.sd.s tr: Ëntal eeeeat:3"o:: cf ty**TÊ 1-:-tr:hø.xç5e, tlre C.ås*

*Ïtnr6e våte t"¡ae g$øLn ur¿lnfhlenr:æù ïty tÌ:e *ngl-r.*nxenù as !n
the per3.oc1. .sf r,¡a:l-ttratisn t:f Èite si)çr$ilkrÕsed Tgtp.å *eesatJ,on

c'¡as eB"s1l";¡ ¿åist-'t.n6;ui-*lted. frora tenp*r*.ry exÞ:r;.u*9Í-rnu sl-ne* Ln

the f*rmer gaËsø t'hç hyrite*r:'ia3 surfe*e l¡ççnrne r3ari:i 'br*r¡¡n. 
s-r-¿d.

the pGÍ"å.$ ec:aLemoectr. i¡iíth$'n ?.LV t* t+8 it'*ure u t]l:,Ç: *î:crn;nh*re

?rË.8 lnfest*¿i h¡r lnsects a:: :.¡:vsicleß hy H:?sr'r¡*6s"gnnlsnsg re-pj-ci

<}.e*a:¡ f*i}*v¿ed.n

Eprr* c?ep**lt5-{i:n påtteryLs e

tver one hlenc.yeC car*T."noard. sl:eebe wÍ-th efll1xecl e:qÞ*eerï.

coversliÊÉ g;rçtre Ërûp¡¡*reå *zs eh*ltlr f.lr flgu¡:+x 2J enú 26e end

mÉäny esr*.rn'Þle* r:f a changS."ng gpilr'€ de'pn,s1t-'Lrll: pattern -w*ere

obsee't¡edn TÈ å.ippe.â.rs th,af *he Lfr riua¡ Ê#¡ir.åfe hy¡nenleL pøeütOn

?:elnff sampl.ed. ín flgnre âg enntaålteri a çey:'{;ral ebÏf.q.ue strj".p

fr+m r+hích. $pÕre rLåsehsrge iíâ,Ë eepecia3"3"åt lneav"¡¡ u$der op*ån:a$

*snc11t3"*nã üveÍ: Ë:;3 to &.cley i:e:"i*d., The *hæ.ngee J-n tÏ:s dep*

osLtS-oil p*ttern*q üxfer: h*urTy intervele er:ul,d n*t i:* cc:::re3e."bec1

i^¡i.È?r +nv3.r{i:?ry¡ent*"3^ lnfluenee,*¡ ni}y nÐ-s cÌ're pr;ttr:ræ e*-rlË:i-qten'b

frn'x ds.¡¡ to ú,r:y e.f tÌ:* s#,1¡-ç T.núursu

The Sger,'?-r"t*J- ;:hl^ft l-n s.ïûr* rtep**it5.r.:n petterns suggeute

tha'h s"år Ðurresrts resul tån# f,s'ry¡r ¿ìnts etl-rj.r*nmerlte't *itangç
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Flg. 25, The changlng spore d.eposltlon pattern of sporophore 39 from
August 24 to August Jl ln d-arkness at hlgh R.TI. and naturally fluc-
tuatlng temperature (treatrnent Dr 1968) " Spore dlscharge rates are
shoune in FLg. 14" Each coversllp represents one houro s deposlt and.
follows ln ord.er from left to rlght ln each rovr and. from top to bottom"
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Flg" 26. The changlng spore d"eposltlon pattern of sporophore IOZ fron
August 25 to September I at hleh B.I[. and natu"rally fluctuating temp-
erät,tre (treatnãnt D, 1968). Spore d.i-scharge rates are shown ln Flg. 14"
Each coversllp represents one hour0 s d.eposit and follows ln order from
left to ri-ght ln each row and. from top to bottom'
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?rêr* nr+.] th,: eåuËÉ, s-1-ne* the:rr w*u3c ye#t],L'h. :,n mve:rr ffiür*

abrupt e?rairges thet we¡u3$- n*t Ì:e unif*rr¿ fr*n hour t* hçtr*r¿

$i"f"g}'rt 43.:r sn*¡¡eeleytts nay ?:eve' been present ln s,:ffie ¿:f th*
*n*I*suresi råue t* netural- fl"uetr¿atir:n 3,n ëel:pe;ra-bure s.nd.

R,Ï1" However, lii t;âs plLg"p*eely atte'¡-*¡:ted t,* eltrr,3.n*ûe aj.r

fiÌn]\reTþenb i:y hrniLd,lng er'raL1 eir*flght enaLasilseËn The chan6es

l-n sptre d.epo*3-tlsy¡ pe,tÈerns -srere nnt ¿crreLs.ted rrlth Fêr*
i.cirls ash*it there w*uLd- "¡re alr t1reil.l-s,tL*n d.ue tr) rusveTgents

by the investÍige-terr återi-nã d.af.3.y exa¡e3-ne-t1*ns wltieia celåen¡

J.as*e*d. n*:vù tltsim ten ¡a3-nr¿tes nnr ?Eere tPrey esrreLe,te¡d iv3"th

the ia*verqent af th* eoJ.Leeûj-ng dlsc of, the sij*rë sø-mpt sp.

Í{ei.ther *:f the spornphores s'¡hcse Epor€; cleporltlon patrerns

ã"rË shcrr:"¡ tn fåguræs 2$ e.nc â{¡ hs.d bee$ pl"aeect undey" artj.f:i,-,

Õiål LlËht entl therefr:ve kreaÈ es.fesi*n f,rou 3-ustnimen'be {uæe

n<¡t a Liìrel-y reuse c¡f the v*r1a"t3,:n"

Crther evJ.úence supporting a d.evel"i:pnez:-laL ehange 3"n

the !:yncnlsl layer as the ee-use af the varJ-ati.çn ls tlre d.if*
ferense ln spore *.tseharge rat,es ?:y tuo sl-des r¡f tlle så,jr:e

eporÖphr":ve úurj"ng t}:e se"me tlme lnterr¡a1 and the phasee of
spürê d,j-ncherge tt.te due to She d.eveLgpi:rentel Ëtagq ç¡ the

npnrnplr+ye âs Cepcrj.lred. Ln the prcviorås secticn*

Spore d.1.scÏ: l"n relatio ta $olsture $ontent û

p,hpre .ea*:åhç.sslL"

,gÞûïË <1"1n*harg:e rates hy

1'n the f ield T¡rere s3-ëtrrif:.oant3-}r

Sprlrr;ph*r* eoÍs{:u,re c,"rntent iça.s

sporophnres of

htsher ån 1"96$

*vlåently noÍ

P. totlic:ntcsil.s

Èhnn tn l-g69"

the reason for
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&h3-s cl:,1.f.'fere¡r*eu sj-i:*e there i:r*fi nü si"6n3.flce,*Y ð.3.tfeyrenee

Lw *'** s,p*rc_oh*:re mnåstu:'e cc:ntents 3-n L96* an*" 196g {Tebi"e V} "
ÂTtirr:uglt 'cheræ -1råt greate:l vp-rå e.fr|an lr-rt the sp*r*nli*::e maås*

tu-re sCIyrtent l"yy L969 beti,"reen pl*ts, the sp{¡re dS.seherge rats
r¿æ.8 i;he ëareÊ 1n e.lL plots u furt!:er enlcLeyree blrr*b tPl* Epûr.o*

ph'rre rnc:l.stsre e.rntent dces noÈ deùerr¿jl"ne spÕre d"i"sehrerge

r*.t"øs,

ln fifft¿res 2? *,n& 28u su*rrliphctre r*oirstære scnt¡¡nt a.nd-

grad"ed #pû"te d"1"se!:*-rg*¡ ra8ee sre p3-ctted on å. scp"ttee' d.,î_a-græmn

fhe 6r*-eled. s¡)ntsç ûl scharge val-ues r+ere 4eterrc3,ned fron the

&veys,ge ht:urly $prre dtr"seharge rates per el"e.y* end. the rela*
t3oneh"q-n 1.s sE fr:J"lovrsg

#raúe

L

3
¿¡.

5
6
7
a(J

I
Lø

Ave::*.ge hourly $uffihÊ*: ilf s;?çr'eË per
m3.*rssqope field. Ber d.ay

L*jt
5L*1ût

Ltl,*Êü0
7frL*50t
sCI1*1"8 üCI0

Ls001*2*0Õt
â ¡ 0erT.*Je CICtS

3s 0tL*fr.e Õ0$
IA, ü0:.*5u ûfit

5€ 000+

frc L96S ancS- 1969È B. spürophere m.aS,sture e,:ntenl of J.ess

than L9*fr T{xss r}"s'rslrttabLe f*r a hi-gh rate *f sp*rç d3-ø*h*.rge

(grad.e ] *r hetter)* A]:cr¡e L8Clg molçtr,.lre cçnte*rts sur.rr€ d.J"e*

ch*,rge re.terq rçer* n*t ç¡:rs'elaterl p¡5-th s;lnrçÞhrlre nt:Leture

t.ontr*nt,

The vãnßÊ 1"n vaLues of s*l-J- nrotstr:::e *anBentç ir-E shöwn

fçr e*.ç.h "p1-*t J"n 1968 e.nd f96g ln ffaþ1.* I"rT" Scp-tter d"iegre-ns
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'fâ!bl'g V ø t'!?Ê
Ën b*rnent*st:.s

ârrelîåg* i.ta1]-y
3)er pl-Õt ån

sÞilpotrhore e1ûistir-re *{}nfent of
1ç6Íi anel 1969"

Yea:l Flot
.åverege

$porophcre
l{slsture Gontent

a968

1968

3,968

196fi

Average

L969

1"p69

L969

].969

.åvera€;e

3?.Lè2,

Lt'lP, 
"Lç

jiBt 
' I

381*S

438" B'x+++:'

l.ãs, l"

Lt+6Ø.6

1137,3

565,?

W

h

B

c

fr

A

J3

Ç

$

'$åÁ'Ë'r+ fhe av€re-&es are nob sleìnifleantLy d-1ffçrent {5S }ewel}
usl,n$ "t?x* sÈu.dentÈ* S*test {df=6}'
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GRADED SPORE DISCHARGE RATE

Flg" 27 " The
rate per d.ay
tent.Ln the

average hourly grad.ed. spore dlscharge
versus the sporophore molsture con-

same day, 1968"
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Flg, ?8, The average hourly grad.ed- spore
d.lscharge rate per d.ay versus the sporo-
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feble lrTu Tlte average
mlneral. seill" 1:oyLzons

ðail¡r moi.str:.re csvlte¡it of huaus ç.nd.
1n eash plot 5"n 1968 ancL \969,

T*ar Pl"et
Avere.Ee

I{u,nus
S'it:i-sture tontenÈ
å }r¿:y3.aan B h*rj"xon

1968

1ç6ü

1968

1968

Average

1969
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aç6ç

rþ69

Åverege
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yevep"LÊd n* 
"el-ã,tl+nshri-* 

hetr,';een #Þ{ir* cliee.hargÊ vdr.t+s ånd

s-+3-L ff.*isËt¡re eontents* lR l-968s Fl*t i-:, ha,å the 3*wesÈ hu**rg

m*istråre e*n'úent *rce tn Lac,'lr of 'r;aÈ*rI-ng ån r+.n attenirt Ë*

lorqer the R"T{u iltreveytheleses thre ev*râSe hour}¡r spore d.ie*

*h*.r6e rates stJ.Ll. c*npareå fr;varab3.y "i,rlth otlrer pJ,*{;s* T}rere

wë-s nu slgnf fS-eant d.lffeyenee l"n the noi-sture conÈe'*.t of bhe

l-¡.unr,¿s ar .hhe ¡l horiøan ån L96¿ an*- Lg69o Tlter<+ wa,E t, .eltrnåfJ"*

f,*¿nt dtr-'fferelvree !n the ¡aoistuT"e eo¡rte*t of th¡.e F hori.son lcl

1968 a¿yld- ïç69p 3969 havS.ng a higher €.ver$.gç raeS"st'rxre **ntent"

This nay }:ave bcen rlue to nine d.eys nf f,neez3.ng temper.ttnres

ín June and. 'hhe J"ow average mS"nimun teä.'iperæture,s ín June end

Ju13'* Thi-s m16,"!rt h*vö ceiäsed bhe LCIwer mlr:erel h*r"Ì"zr.>n to

ti'raï; l"eee rep:-{tl,y r*nd r*'bai¡ pr:Lstllre 1*nggcrn

äp q le$l,gp Tgä¿:;l *+ . içi=e ! :*æ "¿t" p pt#.p p*gg r- s-i-r--,9*g-4È p;irtrt . 
"* fftg"

ñp*::e dS"eeharge rates i'rere eignJ.f.l,es"nt3y d.ifferen* Ín

196s and. Lç696 $prr.*phror*e fn 1969 d.lsehar6-',-ng *pr:res aÈ s.

*ons3"s'contlår lov,ver rate (g'al¡:"e \¡II)* The ffna"t averã$e Ëpor#*

ph+re *ise per ptrot was n*Ë e5.6nf.f3"eent1y d.i.fferent fn 3.96Û

and 1.969s yrr)l- tt'&,s there 8" sJ-gnåflae.nt d.ïfferenÕe between

tlrege J¡e¿àrs l.;Ï:en the t*bal" grr:,r",.rth :'a.tee anel gr*vth rat*e
clur3.ng ecll"estinn onl-¡r tu:ere carrpæ.recl (TabLe f.iTI), The ¿tri:wtï:

râte C-u-ringg c*l"l"eat1ûn T.,iåÉ eonsistenttry J"*:ser t}:an the 'b,ç¡ta3

6r*r.;th rate åndlentlng ths-t the spor*pht-:re cl*es nr:t ex.pand,

fapi.ill¡' rlr:re -'rt hæ-s inætured, *,n*. Is Cieelr*,rg1nl4 sÏ){ryes- Âppag*

ently h*ç.rerrere the ßiffsrencÊË ln gpûre d"f-s*he-rgs* retes be*
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lable VIT" The size,
ar¡d the graded spore
in 1968 na 1969 "

grol-bh rate, grorl-th rate during colleetion,.
discharge rate of sporophcrres. of P,. to¡neniosus

ïea¡ Plot Sporophore

Ifatr¡re Average
Size Gror.rbh
Dianr. F,ate
("r. ) (nm-)/¡eay

frowth- Rater
D^rring
CoI[estton.
(rw".)/aay

Average:
Graded
Spor:e
DiScharge
Eabe/d,ay

t968

1968

t968

1968

.Average

]-969

D

-19óB

l{

lo"2
6"9
6"8
6.o
7"L

B.o
10"2

B"T
B "l+
8"6
B;6

7"1

ã8
l+.6
l+" I
6"6

13"0
b.6
8.6

5.6
5"o
9"!

3"8
B.o
9"3

b.,

r.6
1.r
1"3
0"8
ñÕ

1*B
1,9

L,7
2"!
1..8
2.2

¡É

ß,

1¿L
1"0
1.9

3-B
1.2
T.g

o;J+
o..8'
o"J+
T.,7
o".06

ï..9
!.,2,

LJ
T.,7
L5
ctÀ

rrct

õ:3

o..06
o".o
o.J'

l+"2
)+.2
5t"B
2"6:
f,b
o;,f
6;5

6¿6'
?: o:)-. t.

T"A
f¡a'

6;L

9'.Ãl:n

L0-
L2
LO'

l' o.

3..r
¿. 'l

Llr
LO:
L0

f.c}-
ï.o
L6,

ïr

t969

]-:969

t969

Average -1969

2l+
25
26
Bó
BB

27
3o

32
6o
5e

190

39

5-",2
o".0
1., t

Qr,í
o..l
0"I

o;CI
Zr,O
o.B

^o

f .i-t
L"2
2,O

o.g
2,5
l_.L

fr

]-.66
73

t67

76
l-07

16

29
3o

7

t9
117

28

x'tSignificant at i.lne 17" leveJ (usj:lg the stu-dentTs-t;testl
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tr¡,'çen .-yee.yÊ ?¡ere n*È rlu.e ts e_{_i}.rer

*r næ-t;uye øn,iz'*ph*re slueu

-?rnürft.Ëhûre í:;ralcth f¿¿tes

-l{qå*þ_qrs {¡f spi:2"r.:p}:+res 3"n '? {:c Zq6 e.nd. reJ"eticyl t* tesl

çgeftrre e=ncl yelnfel_l_"

lnfr.¡r¡r¿tj-*n r:n tlae numj:esE of *pær+ph,*rÉs å.ppeá?ring

1n the su¡-ri:;rer$ *f lg(ü r,c Lg66 .*re.s supplr.ett. by p..i), T..rilrltney"

,Sp*roph*r€jË ?rer* abeerv*d ön aïJprn:r3-¡ap-tej_y Ju-Ly L5 ai the
eã"r"Liest evúry Ëeåff*tf a.nci epproxLrolatelg üetsb*r L et¡ the
Letest' Fei,r seareheg r¡i€r€ roae1e r¿fter thig ¿:l^s.teu alth*u6h
,sporsirÌ':cres ¿al).peereci 3,n SU.C?: Lor¡ numheye d,i;lrång Septenberu
'bhat it ney h* assuniecl that the ntu::irers Tlyêsent*qt ad.ec¡uatel.y

represenÈ t?:e t**4,1 ërÕp Ln the ãreâ str¿d,1eeL. üeta {,n r"&.1}r-

fn'ïJ* e-nd- ternperêÞ*ture s+ere abt*.:tneii frrr¡ the rncntkrLy ree*rcls
r¡f the Heteorelogf-eal Era.nc'rr. *f the ileirar*nen.b c:f frenepnrt
&nú- the reneltvlg$ l{ere tsleen aË Frj-nce Á3ber?u sa.*kaÈchel,ra.ne

tshieh ls e3.rprerxS-rir*rtely S0 *r3]-es southeresÈ of the stud.y F.3,e8o

The S.æta d,,eseribed. above åre shçwn ån Ta_tü.æ irlll and TXo

T!:e number tlf, epcropheres rãppeerj^n# eaeh ye&r å6]Þeårs

tc be pa,rtf,al-3-y de3:en,c.ent en tlre a.mount t:f yainfalL h<:th

rlur3.$g azld. preeed-tng tï:e peråcd whei: *he *pnrcph,rt,e.s åre clg*

ve3-*pingç {ffaT:}e 1¡lTTi, A3.theug}t ],7t}9 prod-',ieed *, lø-rge number

of rporo*h+reËo the qua-3.3-ty of these sporoBh.otres wa-s pÕsyû

anil th5"s reas prohæ.bLf part3"aLLy d.ue to Èhe l_ow Èotal amount

r¡f rslvtfel,Lq fhe number of d-æys of, frcezS.ng a]_so åpïreers

tn he"r¡* an lnfJ,uenee #¡? the nunber of eT]*r+nhû:y.*s vtal*b.
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Table VïïL
tomentosus

L963-1969, Total- number of sporophores of p"
per year and monthly ralnfa1ln

Noo of
Year Sp.orophores Mar" Aprl1 May June July Augo lotaL
L963

t96t+

r-965

r-966

L96?

tg68

tg69

363

56

2?0

lt+g

L00

353

2t+5

0. 30

0.19

1.05

0"70

0, 55

0 "28

0"16

3 "22

4"37

r,02

r"77

0 "73

12 "70

4" 38

L0"05

L2"45

6. 1g

13"7t+

6.30

0"77 !,211, 0.78 1t..45 3,95 I" 5A

0" LL 0.5?

0" 38 1.13

0.38 o" 16

o,36 o.10

o,68 3.66

0.38 0,64

r, 55 2.69

2.0I 3.I2

3.46 3"03

2 "77 I.23

3,64 3,1+l+

3"40 0,8?
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Table fX. Tota1 number of
average daily ¡naximrm and

s.noronhores of P, tomentosrr_s per year and
minirnrm tenperaTr:rFffiTj f -ig6g ,.

Year No" of I{ARCH
Sporo- I.lin, Ì.fax.
phores

Á}RTT
Min, I'fa:c* Days

belos
3E

l,{ÂY'
Mix"" Max;. D.ays

belbw
32r

J.lays
below
32tt

1963 363 7.3

t96b 56 -9.3

1965 2To -6.7

1966 3lr9 5,9

1967 100 -3"1+

t96B 353 1'5.9

t969 2ìr5 -!.6

29 "7 3r

17.1 31

]:9.9 31

29"2 30

32.7 31

36"5 3o

26.2 3t

25 "T bg,l+

2.6.11 Ía,z

26"L )+l -O

22.O 3g.B

Tr "\ 3B.t

25"8 l+9,T

28"O fl+"2

il,6 6ù+ 13:

l+z.r ZL.r T'

É.3 6Lh. tl-
Tf.I 6T.ï. 10

1+*rJ 62;1 1ß,

ß.J+ 63;1 12'

J-6.,3 62"T: B'

2T

z6

22

2B

2q

n
2i.

ïear lJo" of
Sporo- lufin.
phores

.IU}TE

I'iax. Days
belov¡

32r-

JU[r
I,Iin" Max, Days

belo¡¡
32I'

AUGÜST
i4in. l,lax;. Days_

belo¡¡
32F-

1963 363 37 "9

t96ù 56 l+2"7

La65 270 :.fl.S

t966 3b9 b5"B

1967 loo l+z"g

1968 353 l¡l+.7

1969 2lr5 3B"l

'L.z 
76.9

5)+"6 Tg.l+

5i-,5 T6"g

5r"6 fl+.)+

50.6 76.g'

l+8"3 73.2

hT.T zl+-l+

o Ét-,o

0 l+6.5

o l+V.,T

o l+6..'8-

o l+9:.I

o l+1,Ë

o l¡9.r

76.11 0.

6g,8' 2.

TI.ç. 0-

T2"B' o

TT.ü o,

67.6 o

TT,,ï 0-

69.2

7l+.1

70.,1+

68.lr

69"5

70"5

69"8

0

1

1

¿

3

1

o
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d-erreJ-*p {Ta'l-r3e TX} " Tt '*a-e be*n *?:served. tn *it* feål thpt
freq.uent daSis *f, freeuf.ng te:rip*ræ-tüyes Leæ-.d- tn fas.bçr d-ei:er*

i¿:rc.ü1*n ef the sp*rcpli*rÊse Tple genpereture er:n&3.þj-ç>irl.s ãre
'prtt'n*.]nLy nn,st impcrt*-r:t l"n Junee Jury and" Åugus** ïn Lg6Çp

a }feer of .n:nusr¡*.}ly Tleôr #porú rli-q*i"¿årge Ê?en th,rug¡. a Large

spore:plt,:re crÕp i+ø,s pr,rd.u.eed.u there ïÆ*rÉ ¡rine ,-Lay* of freeø3-ng

teni:enahu-re.g ln June end" the ¿.v*rage minLnum temperature 3"n

June r¿vid. Ju-l-y rirere the lcweet recorced. f*r any pËå.ro The

ücourrenre çf a great anc.¡u.nt {3,trl, fnshes} i:f raJ_n 1n S.uguetu

wlrlch i.n cther y€ars had. heen aËsoc:iâted. "r,¡ith a Large õpÇrft*
phorø' çrope eÍå,$ prr:bai:T5r the reason þ]y,ab so mÐn¡¡ spofophr:re*
e-T3p*É"rüd rzt Lçúg,

rt ls sraepee'bed Èhat ar-t?rou,Eh 1.e:n teri:petraÈures d.åd n*t
5-nh3-b1È the nuryihers of sBorophores prod.i¿c*cl ln July and August
Ln L9ú9u they reen ::eLp.tecl to i;hç ßa;uËe for *.bcut rlnÊ Èh}.rå

of the *ptiroph*re tr$p hs?ving s?:r:.sr$aÏ !r¡r:e*ni"e*.!- ls-yer,n $h1eh
prr:d-uced fet* sp*res" $ome unclersr¿rfs.e+s af sÞcrgp¡cres {å1C

nct evçn deveS"ogr a pofÐ LaSrer e_nd. remalned- the sâil:ü e+l_r:f

encl textu"re es tlie uppen eurf*çe, Thls ph*namenüsr was not oÌr-

serveci. 3"Ë 196? on Lg6$e a]-tlroug?: I"lht.bney]. repcrts åts üÊoìtt*

venee L* *avl Ler yeårÊu ïn 1p6lt,, ån whieh fS:e ponreet Ëp$troe

p}tore Çvû1) r"ra* proclucecls tsça daye *f freesi-ng t*r:irperaûuyes

?rer€ veec¡rrted ln .august" Low te,nperatures mlshÈ heve d^estroyed

ssme of t}:e exi"et3.n¡g sporophnyes anct l_nhlbl_Èed others Í'r*m
d.eveLnp3-ngin

ers*n_e.1" s_ðî*nun.l eat f onl
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JL r. rlre i9-eta5.1e,å våew *f the rj"a.t* nf, ap-peare"nee of,

sü{irr¡Fhofe$ *yrd 'rf ra-1-nfaLl- l-s shcsn ln fi,gures 29 anci 3t*

Tn- f igure 29 n a]-tlir:ugh nuvn'l.:eys of E,p(ryûî]y1n1'es E]-rÉ siic'¿;-:r ûn3y

fnr every seç*nd. clayu s$mÐ ef tÏ're s¡rnr*p!:*tse"s Ka.E hs.vc }:cen

Lcleater.l ñyt the i:revlnus d.ayn See¿rches were n*t np-d"e eïeyy

åey whleh aeeounts fnr Ëhe 3"*rge vr¡.lues sh*'¡çn in Lg6ç rn

"Augu*t 6, 22, a,nd. Septe:ciber 1. fhe vaLue si:r¡i"¡n *n eeeï: c|ate

f*r e. partLer:.1e"r ¡reer repre*er:Bs Èire la6eS- nrusher Õf sporo*

phores Looet.çd s3.nçe the last d,at,e cln t+hleh a vaJ-t¡e l"e sh*v¡n

a¡¡.d. the *por+¡:hore* dld, nc:t nesessarl"l-y aJ-3" ã.îrpeã.r' c¡n ÈT'le

sår.-:ìe cì.43". lþie l-ov¿ l-eveL ¡rf rninfsLJ" tn LÇ(tY g.Þpeår.s t<i ì:e

aesoeis.*ed. ?î3"th ïqw -{L1x:flï:'Êrs ûf spornphcrÉso
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U)
l¡J
É.o-ÈoÉoÈ(n
ll-o
oz

te6? | tloa 
'geg Ø

Flg" 29" The date of aPPearance of
;¡"!. lo*è{ttoPt " in JulYu Ausust'
Septemloer tn Ñ? , l961-e and' 1969'

sporoPhores
and- part of
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u't
l¡J-(J
z.

j
J

LL
z.
a
É.

515
AUG.

w6? | uoe

Fig" 30" Ralnfall on the stud.y slte
Ju1y, Augustu and patt of September
196?, tg6ï, and t969,

Øt969

1n
1n
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F f #üì";"f SI üi{ .Àl'lD tíiï'9tri,îJ*.*lü$S

ffi,ry*raBhnres *f $, .tgrygåffi*$, ',i:Í"th p*i-,stu.re et-ntenÈ#

n,1:nve L,,tf- å-Lse,h*.rged" "irasld.íos¡r*res æ-t h3.gt're,+t ratep u,nd"er

erlndJ-tir"¡ns *f 1t"1.gÏ:. H"FL (85 to Lttfil when temperaÈure r'{ã.s

Froi-ß a'b e f*.vr:rnb3-e canstl*.nt leve3 {60 t* 70f} i¡t dax.knsËs¿

Bedl¡.ct3,cns i"n ä."T1¡ fscm saturatiûn tÕ füi., or 1*i,¡er u.nd.eg

tl.re *Ð,Tx.e eçnd.:ì.ti-*ne of eons&æ,nl tr:in¡::*ratrlre and. cla.rkne$Ê

reËul-tÉ{1 3n lnmedla.te abrui:t reeluçt.3-ong ln cIS.sehâ.rge rates

wlxi.eli again L¡rcreaseÈ içhen FoH* i{srs rest*sed" t,: ss.buraÐtor:n

l?ed.ue.t3-*ns t¿i 8ü# H*I{" reaul,ted in no ds*::ea,se 1n sp*re

il5-neha,rg* eritd th* $?:reshoLrl f*r 6.n effe*Èi.r¡e reclu*Ëi.on l-n

sp*r'e d"lselic.r6e ra"tes appeared to be'lreta"een ft and 80f" B,Hn

a'b censtç:nt. temper*.tu,re ir: år.rrknêFss Host stlrer rn"enbers of,

th* Sen$,s Fr¡åtråqflåå r'rþ5"ch" ?tsve been et',lri1ed. preåuaeå spßres

3n" grr*a'Ì;es'e; nuln?:erfi st n1i,ç!:t {sshleh *ug4;eete Èha.t high RoI{u

l*q fp"vclr*"ï¡]e) sr u.nsåer eond-1Ë-1-*ns of hågh Eol[" (e*g" ãober1,

A96*,6 ïrî*eere 1"ç?0 g a-nd Ï{ceraolcens 19?0 } , ût}rer stud-les of

the F*ïy1l*raeçãÌ.e v¡l':tch have þeeyl ctiscusçed- åle the Lj-teratr¡re

r*v*.*rr r*veaLed that hi"g;h fr.ffi" ?rÊË fe"vsrai:l-e fcr spcre dis*

ehargeo Heet"l}"t¡s çf tltese Etuål-ee ånel"u-d.J"ng the presen'c ön€

sla nüt *g;T** øit?r Br¿lLerÊs {1çt9} th*ory *}rat RnIå* hs.s nÕ

*ff**l *n s$t:r* dlsr,harge in Lee.theã;r g¿*irål*n:y*etes ßs

3"e¡ng as the epr:rr:phare nolgture contcyrt ås }:igh"

.*a':r*plt*ree cf S" "lqgÊgåg$g,Ê reEul:recï- aÈ Seast L*Afr

merå.stv.re c,r:y.Y*ytb f,* d-3,s*herge #FÐr#s F"t å k;Xghr rÐ,þ*, ê.bove
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ïTr+ ti-i::eshcJ.& nf L*t%ú theve ?tâ-s ?1* sr:::::eLæ'clrcs: hellçeert

frprl:t{rp?\ric'e mn:Lstu"re c+nÈents e,nrl sp'=*:e åi".se!r*rge ratesp Ës

tltçnt, 3-t 3-s unl-:-l';e1"y thæ.t R"H" fluetç.ztio:rs .s*tì.1-d ha"¡¡e r;ffee*ed

:)*?'È ,"ti-strzT:e.r&e ra';es Ìry chamqlrig the nr¡i.sÈure *:s*ten'¿ r:f tÏ'le

spilyåghûreô ãh3"er ar:C- th* fá+t that the Bresent st';d3.eE åi?*

vr:J-vecl sh*rt perS-oå-q of 1*+: hriraidr.lty f.n e*ntr*i.Lett experå*

m*ntsr lea* *n* E* c*¡r*l"ud"e 'that Ëh.e ehianges ln sp*:le il-l,s*

eirr*rg;e re.te w*::c inclescl d.ue tc 13,"1{; oh*lttg** vaíT¡*r the,n BÞ*3o*

plrcrc mc5-stu-r:e er:nÈent, ãobe::1 {fç6+) ,sugðesh*a th*.'b sbi:¿líes

r:f TT"ljo fli:cti¡at3.ens sh¿:uLr,r T¡e +f *}:,rrt úurr*'b3.on s* tfu.e.E

hlrrc v:,':tigtur* e*ntelnt cf the sper:I'ci:?ia::'* is u.v:affectg;i" I'lyrera

¡- - /- r -tLqø*i oì:sr,rve'3. tlr,¡¡.t b¿i.n5.ii.L{}¡:pûr:eÊ ôf å, Ë.í:"ltÊ#ful$Uå Iîes'e

*3.sehn-:.go,,å fr:v ?3" hcrr.y-'*.¡ a* tlf n"H*u en,ll. he *uggestea 'cl:¡ç"t

this Ì.ír,,,s 13g"çl;leh3-:'f t]rle tiine req.u-j"re,å, trnrle:: tegt **nåi-i;iones

tn l*rier the vncåsture l"eve3. nf f,}¡æ *p*z'rs'çhr.s.-re l:eli:v* thst
r,vhieh æ¡¿s neecïeß tr: ttTS-,¡v¡ sTr*r* proclu.eiir-*n s.nr-l. l-3-'oevs-t1on"

üztci"çr flel-d. e*nd1t5CIv:.s r+ltÍ"e}l a,J"J.s:ÞieC. natr.¡c'*.-!- fLu*Èu*

a*irclns r:¡f tç¡l¡p*:.rr,rtïitÊ¡ si)-*J".; rÌls*T:*.rge 3"n S" åm4"hmgg
r¿tåË ili,ree*1y rel¡rtçrl- t* tempera-'bure in f;he rå.n&+ of &5 *o

l$F vt::et: sïiÐr+Þhcres ?rere iirr¿3.ntaicleit jrn *a::k:rees H:-th É*ä*

ålnu*usåy hi6Pr Ë,"Ii" i,'ihttyi*yl end. ffiyren il"ç69) ¡z*teå the"t

ÐenpcretrlÍ'fljs *,?:'ive 2l 'r* 30t *p.usecl a T'l*i-t 3.t: sp*x'e cì5"s*

*hiarg* 3-tt å, -Ë*ngqågÆþeE þT* år:ve**lgatå*ns af sp*c3.f;ie

*pmpeyaÈur*s Fn*?'e e.tteaptefi 3r: th-'is; stud.y, lenpe:'e.Èuree

e.bCIve ?8F eceu::ye* inf:'equently a,rrå r¡¡er* *f ghr:i:T <lu-rat3-trR

åTJnpr¿îrlf,sberi. *"s"te of Bøilr ldhå*yleya
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3"yt "çhit fi.eliLu â,rF:tI'bhey ¿li$.d- n** 8{t"p*sv tr:3-nh1?:i-.b sp,3ye ßf.e*

*h*.r,Ête* l.I;rren tyr¡úü) *bser"rred. a pen-lan.err"* ee,*ßåÈi.rln c¡f si?*re

L*n¿; 'i;fr* *p*--r*photr'er. r+usË be me5nta,l¡:ed. *.'i; thås ter;:pera*u.re

far peer:n*¡le:lë *essatísn tc rÕÉür, bu-b it 3-s unlii.keLy that i.b

v;r:r:.1'å *t{3u.f uneLar astu::æ.1- ccnd"lt-'i*ns ur:.1e*s thesgj teniprire"turçs

WeTe rs¿si-ntAÍ.necl for seVe::a.l- i"l*rUfs úT' I'eç¡,]r¿rg'ed- *y"i .Seyer:¿1,3 cLay*

3.n suecessl.Õttu #ther exæ-uples çi.teå In tks J"f.te;rature rev-'!-ez,r

gh*;s nçh*'t 5,nereæ.sång; telnFcyatur+ epþeä.y# to be a fE-y*yÉxhle

ínflu-eneff å14üT19. athcx' 3-*af:he::.y fung3. p-ç lrell" {rË R" _t_s-gSnågs-l¡Ë"u

untj"l- .1fr senehe-ç ã-n upf*r lti¡it rshey"ee-füer the el.lseliarg;e

g"ate i"e L*ïreif*d, and. .na;tr o€ås€r

I1¡,'ren (196ç) reT:*rterl" llhai ,spüreß ï¡tere cris*,h.ri::¡gecl^ i"n

El" 1;r:"een'e**up at tSre lor,r teftTr*ratu.¡:e r:f^' Lrt di-r.rtn$, te$t iÞeg'Í*gs

*f 4& !ì*u:ls, i,;.lråtu.ey *nei &eih¿:y*huir {1Sdç} sË:ore,:} spor*p}:'rres

et 3Üs *.i: rï'þ¿ich teæpera'bure Èhey cà5.ci nr"rt proûuce sT)*res r,¡hen

tsested tçrc: gr"êek# afËer störsge. $lzreg n* te*ts ?Te::e mad_e

Í¡nneålate3y af,&t;r sÈorage, spûres rilay ?rave been prod-'ueecl ug¿*

ûete*t*d $"n lr:r¡r numl:ers fr,:r tl-r* t+ Ut¿ree rlays un.i:3-1 the

eporophr:re eeesed. ql3.sehs"r¿$ånË; spôTÕ.ç altc,îether. f* _.is ,s1.1Ë*

p*e.Ëec?" 'bh*t l.lyrerts s spor*i:h*res i,.,r*ul.d, .ra*t ï'r*¡re **n'bånu*å tc>

r$.iso1'l*r"6e ËI1*3:fiß inueh be¡rE¡n¡r 48 honrs r¿t 4.t* Senpere.Ðures

å*t¡;zt t* 1t 3-n fiel-cl stu.rL3.*s preeenteçtr f.:: tir-5-s rep+rÈ d.ld. net

*eus* *esg&.f:r*n rlf *i)ûr"ç .ì:i.scfiei:ge, Terrrperatrz-f(:rË ?:e].c.n; freertng
l"err*J-g ðLllpËff¿Ffirl- fr: *p.¡.ge Þh5'g1*n,- år":lag;e "c* "bh* s'p,lrop!:*t'ee

frrrn r¡il;"-'ioh "rhe::¡ d.i.c. ncj: a"J.r"lnys ïêgsrrç*Fç i:i-r¡vrev*-;:e l*irr temp*
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eratirres Ju"st ebave t?-le fv*enLng, :*oånt irn ,r1.r*#Irst a.nå $epten:*

ber 'øoukl. prc-r'T:a'bly- onÏ";r Õa.t1se a temp*ra.ry 'l-*r,¡e:i:f.ng tf the

spûrü) ii.isckrar'ge rate*

tåglit of t*w 1nÈens5-ty a-bc:ve Lgt f'Ë-e træ"s fc;u-nd tc in*

hlbi.t s.pl:T* cllsch*.rge 3"n -P,å"'4q]1t_Ê.Spg" $ëudl"e* e*nclu¿ted.

wíth artifielal llght 1n the lah*re'u*ry end. "s¡lth 'clath er*

tiflele"l snd" natural liehÈ ln the f-leld sh*v;ed. clefi-nite re*

ff*e, Sp*re d.3"scharge rates aSso eppeareil to be d:Lreetly re*

Lateð to ]-i.ght S.nbenstfy s.lnse 91,¿Õ ft-e ånhl-hÍ.ted spovó C"5-**

çhar{;.q n{}re t,he.n lFt ft*c, Alt}:ou8h Lleht effects ?{ere dlffL*
ctrLt to separate froin th* effeets of E"H, d.ue t* slmulta,n*

eçlf,s reclucti-CIn"9 i"n the I ætÈ*r factçr v¡hen" l3ght was appl3-ed.,

the fî,1\ fn ËuHc Tdr&s Juú65*d. ( on tFre'haele r:f resul-ts ln Èo*

tal dp"rìrnesa) t* *e lnsuff3ælent 'íc; !ra-v* es.r¿sed ïhe reduc*

tl*n 1n spcre e3-Í.sehar¡çe rates, Fi-elcl stu.clies eondueted. u.nder

c*nsta.ntl"y high Bo3,Tu rn p3-aetl"e enelaËËres çhr:r,recï that the

appl"f.caticn af Lfght. d.urlng teuai:erature 3"ncre.n.se resulüeå

Ln redused- d.f.sci':a-rge ta.ves when these rntes weu.T.rl, have 1.3?*

*reåsed rlrrrJ-n8 temperntr.,lr'e LncrCIases ln daglcnçtrËu Þú¡,th nâ-Ë*

rÃyltï 13ght e*nditlons, spsre dlscharge peakç oceurued þ Ëo

I h*ure afte:: t?ie:*eel¡; f-n CaiLy teruperatlåts€s :.¡!r3-Le 1.n $*rhness

t,he peairs coi.neided " T}'¡eee reeç.lùs lndlçatË the"t l-lgltt f nhl*

bi.ûs $Þ,3r# disrlhartre 1n S, *r¡¡enåËËl'$"

lngnl.å {L95?.} statec¿ ths.t lnghÈ e:rerts 1l-ttLe '3J.reet

lnfi"uen*.e sn sT)ûTe d"lscharge 1n Eas3.å$"owyçe*esq bt¿t thi-s
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Ëts'teffitnt h*rd1y ,ç*errs va.LiÕ slnee unLi-lse r¿{}'{L* Fasi-dL*my*

eetesu Ëas5-d.3*myeetes hp"se nst been extizitsi,vely etr-¿d1ed.

f*r t, i:osslt,le r"e\'¿"çL*m T:etr:.;'ee]?t spÕr-e ,$-isehr.rrge æ.nd- l-tght,
l.lev*v"fï:el-ess, 15.9?:t me.y have only an i-nclj.sect ånfluense on

s]róre diseh*rge rateg by mer.riber* *f the palypr:r*-teeee sfnce

the p*res ef fhi,s fa.r:nlLy â.r"e d:.reeted. d.$vrn",¡carcl.s end. ære Gn

flie undersurfaee of the spor.ophcre s*: ÈÌrB.t ma3.n3.y reflect*iL
lleht t'r*Ë}¿I res.$!'ì åtle hynen5"al layer snd dlrect Låght would,

çn13r reæ.*h tl¡e n3]per su:rfc*e cf ï,he sp*r*ph'lreu ln the Þre*
sent sfur.l-3.e,çu the sampLi-ng¡ equS"pment invaLved. a fr¡$_L pLate

osr thc ecl-l-ectlng cì.f.so beneath the sÞnr{rnhere, whj-e}.i -¿¡ouLo

þsve eauged great*r l-tAht refl"eetlon than irai]Ë1d sÕeur net*
tiral]-y* ïn the flleld, depenilS-ng upnir the tocati-rin ç:f the

'tporanh*rÊs6 d.i-rect sunLS-ght r¡íÕnl"d be need"ed. fr::: Èhe S.ntenslty

req,uf.rer:I to inhil:j.t ËFÕr"e ,åischa.rë;e, tlght may also aeÈ ås

a heatlng infh"rence rori'r:.oh r,rculd lçi"**rer the iloËlu ln t!:e poy'es

so tha.t ]-lght anc. Rrlln r',rcu.Lil Ïrave;:n ad.dltj.ve effeet 1n re*
dueSng spüre rllscharge" To inveeti-gate thisu åt r.¡suJ.<j. be de*

slrs-hle tr: ellminate lleht frcm the undersu,rfs-çe of tire spÕ36*

phore e"nd. t* rrrep.eure HqH. ehanges ?rÍ-lhtn Èhe tubes, Ir¡ thLe

stuc.yu th.rlre r.iere eeÉes cf Loç;ex"ed ci.S"eeharge r..etes oceurrS.ng

ç-rl:çn Llttl.e refl"e*ted ll"ght rea.ched tl,ie und"ersnrfø,ee c>f E]ne

si:sr4:ilhcre and strang 13"9;l'rt v¡as d.lreeÈerl sn3-y to the upper

surfËeÈ, T?:1s eu66eæts th* pcss1b1.1_3.ty elf *, pkrotoreeepÈnr

as3.thå'n the p3.l"eus r¡hteh 3-nfJ"uenees the Slberatran *f 6i;üresõ

Tn"gol-d"8s vl"ery {196?-} ls that the photoreeeptnr in }ight*de*



96

Flend,enb'!)3.ûe*$seÉr ln ft:.n95. !s * çar':ten€ ûr.? fl-av3-n r+hie?r

rnay be ¿"ssoei e.l*ú- :EiËh a proteån" egirS1Le l"LV65) revi,ew*d. t}:e

l"lteyatuye on 'çh:e ,rh*tcbtc3r;,çiy r:f f.u-ng1 *n.*. fnun¿1 Èhat eL*

thougl: seçr:rc¿l tkreoyJ-es f,o exp3,æ-in ÈIte ål¡93'it*sensLtivåty ûf
furrgi have been su6gestedu there 3.s llttL* *uppatti"r"rg evå*

elenee fr:r a-ny of the th.eo:rj.es* so tï:at f,he,nr*ì:J.en is l*.pgç*

ly unsolved.,

lflre:: tr¡o or $ûre enwir,¡n¡iental f*stcns i";s3:e ello¡,red

to f3-u.etllate nature}lyr ti'le charr8es In spÕl:e el-S.schsrge rates

ln å, 3-t*S-ntçegg d.3.c1 nct colfi.elde lt'i.th the chenges 3"n an;r

öne Ef ths fat't*rs of Llght, temper¿afi":r-res *F Ë,nT{" T,'nr exnnpseu

l,¡]:lle d.Lsch.+-rge rEÐ"s dlreetll¡ relatetl- 'b* ûer.ptiretur:e et hj-efr

R"H* ån eontS"nËûuË d*.rlçneeg, the rel-e.*f cnsÏtip rras d.5"srupÐed

çhen RoT:In end 1jiAht ver3.ec?. açe+rd.lng ït-r nptural circetii-an

eyeleso lllhe ln"bera*t3-nn *f all- 'bhree fa"etorç F¿þpeers tç he

l*ûst 3.np+rtni:iÈ trn the detersi-net3-on- of 'b?r* p,:riaeliei.ty of
sp{)ï# cll--sch8.rge :îabes rlnd Èrend-s 3.n eam"rri-nati*n* of l_lflhtu

Ëenperetu.re üy R"H" ehc.nges see.*i to 'ne ?ncrÊ fu*por'ùr+nt then

the alrsslt¿te r¡alue cf, e- slngle faet*1 la a perÈ-+-eular ti"rne

ånt,ervs¡"J"" Und.*r yra.&ura,L cirnrlltianse ÐÏ'l* pee,}r of trporr+ ¿1i.s*

chnr$e occurred, ån the la'ce af,ternoon rr *a"r)-y svei'l:Ly:Ss Ey

ei:ns:iilera-tlon of the 5.nf,l"uenees of l-3"91:tø te:n'perature s ûî

H,Iiu s1nglyu a.w7 of the *E:rn'hinati"*n of tçii¡ *r tl:ree r:f these

f,q¿ctars* tlte ft:ïla'i,;ång pattern of sp+re d.lseì:r+.rge ra'çes l"n

ë)_* -Èj:genç_qçgq p:i.ght he formul"ateci fr.rr e el¿:u¿lLess day"

Ð,s $pgf.p _gågqilf.gAE ¿g_,"1"-pgeËå at app:"*xlnat*: l.y Lä0ü
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hei¡.rs wh.c::. Lhr:ve ts *tr*nE sri.nLLgh'b, t,rt* Il,3{, 3.s d"ecre*-sj.nse

e-nd- th* ter:rperat,ure -'r-n lnereasing,

l:" åKqeJj+Eph?äßç*åqqãge*tç_Ë tll frhe aff,ernr:syr or rerly
evenSng whe¡:¿ '¿he tenperatnre ree*?:es æ" Þ&r-jx" fl:e RnIã" ås f.n*

cye*.sLnð ancl Èh* L1æht j-ntensltSr Ss "$lLghtly åecren#ii*"l,g"

fi n #:pqfe, jll_çg_þP"fgq_lp-* r-i'Sç.*ji :¡e*H "r,,hen Llght 3.r:ter:rsity

1ø 3.oerr the S.H, 1* htgh, ayrcl ternperatr_:.ræ 1s fs"v:rrsbJ-y l.låghø

althrug;h d.eerea"çlng,

d" Épgeq,jååsci,lgqge $Sçry*,åeq f.rt thc nornrng n,*tnly in
l"css$nse 'r:a tenperatu"re be3.ng að 3-'bs 1oç¡est es r,reLL as the
&.ppç,âr'ã.nse cf sunL1gkit¿ eïeT? thouglr RnÊIn ts hi.gh,

There çças er¡icLenße that clcurl ecvÊr anrl- raS.nfal"l- clis*
::irÊted. "bh* BaÈÐern c'rf sÐsrê d.i.se;h¿¿r$es sl::ee {}n Èþlese cl*.ys

nelther tenperaÈnre nsr R"Hu fl-uetua"tecl e.s nn eLeatr days enct

tltc çl"r:rzcå c*vÊ11 pret*uted r:uch natural 15,ght f'l-ueÈr-l¡¡.tì-cnF"

Thr* sT)Õre dj"seh*rge rate i.n g".Lq-çgtpEgÉ uncler nntu::æL

çtryrd:it1*n* ',çss :Infl.r¡eneed. h;' t}:e lnterectJ.on of l-lgP:tu te:ïä*
erå,ti¿r-e *.nd E*Hn E ana exh¿3-bltecl ø perÍ-odl*j"ty whlch cl.ftl not
eof"nc3-ele wrtPr tite nntural p*rl*d3"ej-tles af any of th.e three

fsrct*rs* Tlte mejcr3-ty of stuetles consi.d.erecï i.n the Lltera.Èu.re

re'ri-ew lndrce.teú that Ba-si-d.tr omyeetes ?ræ.ve a noeturnaL ha.bit

of æp*re ti.l-sel.r¡lrgeu BasS.ctlosï]üres of p" l,qgenËFsÆ T,rere dis*
*hårg*.d a'b higheçt rates in t,he eveni.irg h,:r¡rs ænef- the rete
usne"]-3"y fel"l" in th¿* early ¡¡rr:rnLng heure" These fecÐe içoul"d.

pLe.ee P* -tttggålp,gue ln the ee.te.SnrB of nçe,tr:"xnsl spu-rul-atcrs o

Th* pn:ricd.isi"ty 3-n spcre d S.scharge y¿te-E ln fiu åffiffi]åg
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B.ndeï ?1âgljrå1, ÐÕnili.tiÕns ?.re.*q perha-ür, TB*st *"¡_:riTa.y' t* the

Ðe:f,3"trtir:3"ïy ef thc 1ågh'6 't*6:tm* in Elnr.t fo"i.q:henfl rateç *f
C.is*iie:rge *ceu.r"pet"- v¿lnen 1"igþt 5-nteni:iriy '¡¡ss L*v¡ p-nd l"rxçes1:

re.t<:s tçeurr*ú whe¡: 3-tght J"nt+*çrtS ti*.* â.1 lts peal4n ff :ïs

T:el-f-e'o¡ed thaf tlils nriffht be the tåse fflth nr:åtrp other Bae3.d.f.-

onyce*es 3-f i:he meth+c1s rsf ecll"eetåsn B"nrL lltËerpre'beb3.on ef
'bhç data ?reye rec*nsJ-ciere<i as dlsr:ugsett 3,n tï:e LJ.tr-'rnture,

3f this ie t!æ ee.Bes 1t is ßurpr3-sànff the.t sr: few stu{T.ies

*f íhe 3.nf,'1.u.*nee af l"ígÌ:t sn Cr-3"s*iræ"rge by tÏ:e fiæsi"dl-omycetes,

and. panti"eul-arI-y the Poï"yponaëeeee harre hæerr ci:æ¡:J-eterl"

The htgh re.te of Épür"Ê C-S"scllarge in .Ë." .!.jm-eg¿.&sgq-g- ob*

sevved l.n tlie e*rly mornlng ïr*urs i.¡es n+t paintelneel thr*r-lgh*

ouf the ni,gh'b as tn..r d.es:reaetvrg teiaperati.ere eseeyted lts 1n*

fïuen*ç pn tlre aT)ûre útr"seharg€ yâ'bÊo TÏ:e 3.n*eraeticn cf the

three f¿:rctors rne.lç.es 3.t råi"ffi"eu1t to a*sigm. åT? *rd.er c,f p:rj"*

+rÍ"ty ttr any nTle fe.ctsr* The mnlstu.re rel"aËi-oi:sh3-psp lnel_u*

cri-ng RoI{'u r*-å.n"feL]-, and. apcrophore molgture c*ntent are

praÌ:.t.bly mosf lmpr:rte.nt for th* d.evelopment of e rsaÈu"re

spr:rcipllc:re øhi.eh ellschærgee spüres p.E ã" ?riEh ra.te ur:d"er aîrpro-

pri*.te c*ncLiûlonee trhereåfter i-nteraetl.rn *f $hr; three fe.ctq¡r.ç¡

Light' i:*mpera'bi.r.ree a::d" Bu3ã¿ ls rnaçt åinp*rtarrt Í"tr cletestrlrling

tFi* Ðær3üú:ie:1-ty of the $:pûye dis*i:arge liste,

ln *turli*s ¡:f P" ttn¡çnt_q€]¡'g, *nLy Õyt* exenÞÏe af arr

aïrlrarentl-y enci*6€3lous Ðerl-odieity ¡.yhleh perslsterl i,ahen the

*oncif-tii*wl:ng f*.et':fe'!.'{ere femrved r"ias o1¡serr¡edu Ace,:rd.lng

t,o .Aus&3-n {fç6*n} bhts **as nc¡t an endogen.or¿s rh}'thm be*



99

!r:&-ielty tï: cu*st:!-rirå ffas +-bses-ved. u T.zz eîL +thr-;r stri.€f-*re E1çe

'perir-"d.3-cL&:¡ ivl spryre clis*h*:rge sates !n l" å*gË*åg**å r,idrs d-ð*

Pendeirt on ev¡v5-x'*nr¡entel fl-uetueti-rT3$ exeepf rlur:Irrg devel+p*

ments'l- i:?ra-se,* ofl the sp*ro,:ïr,:re€, sueli s.s :¡atre::at,i-'rn ewi¡..

#$m;Ðeneemevit af sBl:re ,å5.soharge, anel seËsÊ"tl_r:it CIf slrore ilj"s*

efua.rg,e* The l.s-cli of ayl end.,-:gencuo rhythm Ln S, qttrycsrSä?Feå

âgre*s ç3-th bhe flnrÌ.iLng of fern: such r!'lpthme ín irrs.sid-icrrr¡*

cetes genern3.l3r"

The inte:'n:*ete¿t1e¡n *f flFûre rllscharge 't:r*nd.s ln E"Sg^-

ëgp,!-ûggF- deiaand*d irn*nT.ed"ge of eertc.å.n 3:Ïrenr:menæ nh:T-ch *;er#

çhsær¡¡*4 du:rl.nfs the st'nrïy a.nß rEhj-eh t+ere noE due .bn teohnl*
esl dåff-1-+u1'8.lesu Ëome suær*çh,*nes ûf å" ålgg$gg*îåC shosved.

narla't:3.Ï-1t¡,r ån *hej_r sfi#re ci_is*h*rge rates wytj_çlt þríj.s 8.13Êsff*

ÐnÍ:1¡ unrel-atect tc nny slthr¡r fact*r,* e:{sml"rierå, Tkrj,e pFtÊno*

fien'311 '*ecurrerl r,=:t-th * ie3-ntri.ti. *f s-pÕliQpþ$resÍ h*¡çeve1:u :iÈ

wã$ lmport*nt tr¡ rÊe{f,gyrrãe 'bhr,r j.nheren'b r¡.arj.,=hil-tf;y in sp*re
d.lscliarge ræ"Èes af.sp3-ayeil by eer';ain, spnr,:pi:ri:res s,nd tc; me.lce

e"pprcpråe-te slcT,Justments fcr thåe ûö*LrîF€Ï?r)Êç pcsribS.y thl,s
?¡as etr.ç ** envLrçnnenta]. infll-uenees cLur-*,,Eg .Lhe devel+pmen.b

çf i;!t* spÕr*lrhr:re ilr 3-t naSr i:e å" prope::i;y cf eert*.1n streåne
*f the fungu-s+, IvtsufficJ.ent r:Ì:serv¿'bir:ir.s x{er.* ¡te-d.e t* expla-3n

thi.s hehavf.*urn

-å- second mr}tr'e 1n3:ortent p!:enonenoyr aff,ectlng ï3re i.nter*
pr€fÊtl-ûn of ËÍ)rrre clf-seharge trend-s 1n ã,. -LcFs.ç&Ê€gå î,¡e,s the



L00

of tlre hpnenlaJ- 1"æyer and eÕ$imerlaenent sf spüre S.leeharge,

end- Curine; the olrernetu.rr-: st*,6e of t'he snorop!:nre lead lng

t* petwtnent Õeçsat3,an sf Ëpilre diseh.argea ili.rrin_g the s;pßc.€

di-sehe.rge peri.**. ,:f the rr:nf-s3"ç *Tr*roÞh,tre, eyeles of eshe.us*

tlon eau.sed furthey irregul,*rlttes 1n sp*re t-t-senar$t: rateso

Thl,e ph*ncrruenon and ihe faet tha-t e"L\ a,y*r:"s sf the hy*eniurn

d 1d. not rï.eve-Ì.*6r un5"f orn:¿l-y mây expl-*.in Ëhe Õceuruence <¡f s:tn$r

pea.ke *f spûre d.5.scha.rge retes l.¡h3-ch oceurred- every ] to &

holrrs ,=nrl p¡ere eviclent 3.n aLl- lnvestS"gaf:;i.an-s ln ttrr3.s ltêtlo3.tø

ileGr+nt (fg6f:i noted th.f.É oÊetlrrenc€ 'såÐh F" åHeågqåt¿g and

eugEestect that it representecì. var5-at3.orus ån meehanJ.cal f&,rl*

t+rs lnvolved ln sjlore rel,ease" T{e åLËû noted. that all sl}r3:o*

ph*res hsd Trr3-ef per3"od.s of lnactivlt¡r"
Basre$.3"enT:ôres of Po lgEç_nåpgug fr-am diff*ren'b ÊsleÉ¿,$ of'

the sä.:åe hym.en3"e-l surfa.cç l¡iere d"3-se}:rarged. at cltffe:yent ræ.teg

suggesling Èhat d.evel"npmei:'b of the hyrnertS.um ts noÈ unlf,orm oïer
she whol-e sper*phoreu lþlis phenomenÐn wås suppcrtecl ?:y tlq'o ob-

nerveti-ons" ln the fl"::st oãsee spfiye eol"l"eçtl-uns from ti¡o s1d,æs

of the så.r*e sporophore sþlorçed that ttre tsso sld,es êåd not aL*

wr*ys clj-.*charge spores at the s&me ya"te" The eeeond *bserve¿*

tLon we-s t!'ie ehangS.ng ÉpÐre rleposf.tlon pattern trhi.çh couLd. noÈ

be rel-¿nted. t,a env:ironlrental *r *ther faetors, Ga.y, lïuteh3-nson,

ln their etud3.e,s of ffeEç.teå gi.k:þoEa o They firsb attempted.

tc expl-ai.n this trot¡rrens€ on the basls of the clerrel*pmentaL

cl:a.ng;*s ån the hymenj.e,l" 3-ayen e.nd sarefu"lly lnves*
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ti.gs.ted **]rer pcss:.ì:l-e Øa.ttse"L {aet**r* sr-:.ch ãË Ê.n Í"rregu3arLty

3.n 'chr: enl"l"ectårxåï åppåratu_e ç fLw-tb'¿aêi.ng p,1.r eurryents s $T a

physl**-l- **vr*-lt-+'on *f tlte e,pFe,rn.tus" Tdane cf the la'ster fae*

tors ',¡íûre feLt tcr he c:pera"ti-i:g Et, L*ç: t3"rre s.i:cl ti:ey e*nc}ucred-

tha-t the patterns of, depcslt!*n ?rere tlne result af rl.r:¡thntc

varis:.t3"on i.n the ræ.te <tf epcre r13-sr:he.r6e fyara cl-ifferent pe"rts

of *he 3:¡r*¡1sÏ:ii.u.n* T.æ"teru Tæ-E6artE Ï{utc}tirxs,'rn, ø-n& Sl,tj"n'beyrk

{196&} d.ecicLed. Ln em actlencluru t* thefr pî'ÈvJ-..,u,s stndy, the;t

the pattern *¡s"s ef,ter e.J-X rel"ated tr: the *perai:l_on çf the

þiecite;r 1s, the lneuhetci: in v¡h!eï: *xperf-nents werc ca.:'rLec. sut,

The ev3.'len*e fyr¡n th:i,s sberï;g eïi?)rerË fir: sup¡r*r'* the former

thecr;r cf GaSr gå * (195q], ileGrçot {L960} ntso ncteet ilre.t

pa:'ÈÍons *f the hp,'i.en1.rrr,:r of g" lçæåe.-eåug d.id. vrot dtseharge

sFsres unif+rru3-y" Ferlrr:u1* a- s¿Ì,use of the var-t"¡lÈ.'l-sy] ln p. tç*
gg!XÞ-A"Ëi¿Ë l-ß flhe.t tit* su,ppl"y of nutrtente *tnd r,r¿tey fr*m tl.le
ct3..úe*r p3l"et¿s r¡¡ae noÈ aE a unj.forn fate" ,Spr;1's t1-i-suirarg* j.n

res'Bûn.sÊ ta envLr':nn*nt mlgl'rt be dr-re &Õre to 'Lhe i:ehavå*ur of
grûråp$ af pores Ë)r even slng3e pore$ rathec. i:iian the tataT_

epnr*p?r*re,

'lhe ã,\reirâ6e cla"fLy spere eì.1_seh.a.r'6e ræSe by sporaphores

af $* &*#gå*Ëi*g erË,s sL$nif,LeentT-¡r J.ai'rer ån lg6g thr,n ån IÇ68"

sor'revE:r, +;here r'.Jâs nû s3.g*5-ff"cen'c d"lf,ferençe Ln Ë}re ¿zvÐrage

sp*roph*-::e .*i.ec ancl grnwth rate *rr the moiefure and. nu.tr3-ent

nr:ntenf; cf ïFrr-: ço3-L i"vl i"î68 and 196g {ese*pt tha.t the minera.}

å h+rf"son h*.d. e signS-ff-+an'ul-y hïg?rer noi-str;re eantent l.n Lg6g

*l'ls.n i:t lqf]fi clne t* sLi,nati,e ri:nrlitfr¡ne before the sirclrÊ
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ú1s*har¿e Ecriûå)- The:refr:re, nûnÊ *t th* L¡:tt;e:: f*cËr:rs ap*
pe+:"*rl t,+ Õa.¡1g* rl-:ì.ffer*nees i-n s¡:*r'e c'Lielehs"..rç;+ ræ,tegç Þfú*
rriclerl ihel¡ is+re sr¡,i"ta.hl-e f*ï Ëpârc d-:ischarl$e tr,. ,l*ruy" ?.tany

ÊFrro7:hry:'es Tn Lgúç had" aì.:normall-v clevelr:peri hyi.nenS,eT- fa;ye::s

anri- rarely sh+l¡ed ã. pefj.'l:d-Le re.spönÉÉ t¿¡ fluctuet5_lrg envj.yon*
'ne*ta.L fe-ctovg. The a'lrnorrnal- s¡:r:ronh'ores prohabl"ts rleveT-r,ped.

T¡eeause of, the el-J_mp"tj.c eonitL.bj.ons ån Lg6g -Freced j,ng sli.sycll3lrcrç

deveL*praerrt.

fire ávÈre,ße si],ere cLS.selia.rge re"ie i:y spt:rfiph+ree *f S"

åËPgF$i?Ë};"å wns related. f:o the b+taL nruEher an,å quallty of

"5Ï:¡:ro$h¡:lrefi ?rrnd,uc*cl \n a Ëe{-a.ßÐn" fhe d-lfferenee i.n 'L}re nx.ü3i1*

i."ev *f r=rp*T-+;irh*3:ês T¡rh3.ch elppeareeL e.t Cand.l-e ÏreiíÉ) fram 1g6j tü
196ç was a:rpe::+r:tLy teternlnerL hy the cLi"netie e+neLf ti.*ns pre-
eeiiinE a.nt\ &.¡:y3"tLg_i the grawtir of r-,he sForophofÉËn lt has been

sbserr,r+rl. hy \Í]":.:-tnepl ancT. the e-u.¿lror that in thnsc ,]r€F.1is v¡J.th

Lor.i nìlTr.bers ,*f sporo,rrhnrc$e 'bhe +rCIil r,rÊs af ytoor que.l5.Èy and.

'11ci ¡1¡g' ú$"schar6e spcres aû Ïri-6h ratesg trû tTts,t the se.?¡e

sonåi-*1r:ne -r'¡TiÍ"çh eleterrr,lnecl tlre tc¡t*.} nr,irub*r and develap*
mënt *f s"uror*pharee pr*bæ"TrL¡r cleter:nl_ned Èïrej.r quellåy ancL

6psr* pr*il.ue3-ng abi-1^itya

¿Uyrnuhl i slrecS^ dÊtã=?-E -'lW
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SUT'i1¡.ÊlBT

1u Fpsj-dL*sÎßs'e iliseherge rå-t*Ë hy å- åtg:,etËt,F!fq were pss*

3.ti^veÌ"y c*rr*l-æ,ted iø5."eh H"H" ln ct*.rlirnes,s r-t eun,str,:nf: {:eicp*

erature,

2'" $pore tiisr:harEe re.ies FJere posltLvel.y eorrelaterj r,,.it6

netura1]-p f,l-teeÈu.atlng ten:perË"ture 1n darkne*e ai hi$h i?uÍJ_u

3, $pore rllsc?'iæ-rge rates r,rere negatlvel"y eorr*l_*.Ëed, wåth

lt"ght' lnËenslty above .ïgo ft-e afr ccnsta,nt ter*neraÈuye e.nd

hlEh Huf{"

4'. Ux*.er ne"ture-L eonrÌ.1-t3.onsu Ëp+re cLl-schar6¡e rates nhcwed_ a

peråorilelty ¡vhi-eh. T¡{as ni}t aEsoclaÈed" y¡ith any onæ cf rigirtu
temperaturee or RuI{* al-one, but r¡¡lileh r.qag m+d"if lec iry t}re
i-nte::aet3.cn of aJ-1 three"

5* T'ïre perind.l-s1.f,y of spnre ei.iseharge r,s.tes ïr*.ä esoff*ltÐ1J-se

b*ing tate.LJ"y d"epenclent on envi_g.nnrnental_ influensesn
6' $pore rll-meharge re.tes ii?ere i?rt influ.eneed by envi-rcr:*

mentaJ. f,eetsvs *.uri-ir.g tiço cievelopnenter_1 sÈa¿çee Ë å.s thc hyn:.en*

lal- "surface was maturrng, æncr j-n the overmati.rre stege lead*
lng; tn eeçsaÈlon af spçre d.lsoha.rge" Betr¡een theee sÐæ.gess

most spor*ph+res eshibited. cyeLes of exha¿tstf.on d,r:r1-ng ?¡hlc13

they i"¡culd not produee sp';res at r:ptlnruru LeveJ-s i.f f,avore.bLe

e.rndåti-*ns persistect for longeE, than Z tç 3 dayso

?, spores frnm tvro s.vct,*s af the säme sporoÞhsre -trer€ d,ls*
cha.rged at d"lfferent, rates and sp,nres frr:ru one &rÊÉr *f the
hy:nenluä: irerr cì,epl,s:?'tecL l-yy d,ifferent pa_'{:tenns frrm. hour t*
h*ür', Nerther r:f thege tc*ur3'enej;is trrefÊ rel.¡,te¡l Èn envj.ron*
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ïe€nt.+.l faet*rs and it a,p?eers û?ts.t frhe hyneitiaJ_ sr.lrfaee
ti.oes not c3"eve1op un3-fr:rrn3.y,

8" 'åÞr.sre d.Í.scherge retes ç;ere nnt ccry"els;ùrd ;råth sporoirhcre
sn'ze' grotrth va*e nr H*lstnre eontent, e ylor eeiÍ"1- mo1st¿1re

G nntent s a"1-tfutsu"gh re mj..nt.iaï¿fs leveL ( ehout LEßfr) +f spÕrÕ*

p?r*re r*o5.gture cr:ntent vrs.s founci to 'be n*eeËs&.ry fûr hlgLr

spore ciise?:ørEe sates"

9* The nu,fiþers of i:a-sldio$pí)reß cl,i.scharggeri i.n a seâsoïl vsels

rel-a"tcd- ta ttre nur¡ber l+nd quaLi'by cf spcropl:i:rree pr*ct-ueecl j.n

t}:c Éamû seås$ne whj"cTr 1n tur:: wars relp.ted tr: th* *Lirrntic
er-'niì.:i"t-Ì.+n.ç pre***c15"ng; e"nel rlurir:ß spor*phnr'+ eleveS.rrpïaent"
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LïSf ûTr fr.EFFiï?Ei'{C"ã"n

Barkscl*.3en TuHu å.nd. Asaå, fg6fo Ðlurnel

,åu-rtån* F* Lg6"Jæ.r Ëff,eet* of a.ir*peeel end. husiiti.ty *l:eng*sûn Épãrs r1"f-*eÏ:erge ån F_gg*ggj.A å+gi_qgåã." -ê,nil" Frrt; jZ,
?.5ï*?.6t 

"

J*uet.3.ns Bn l-9ó8b, An end.cgenüu,Çq rhythn of ËttÕre cllscharge ån
s-pr ågå& {*g3-qq:.qo Å}?F}o Bot, 32 È 26L*?-?8,

üa.l]"aghanu A"A, L963,, tbservatJ_ons on peråt?¡eelum prcclueti.on
avrri- ËpÕ?e etisclre.rffe ln pLeurage .,set:ose" lrans" BrLbu
ÞTye{}Lu sro, t+5azrþg-251t"- @

ca"ll-*ghe,nr A*An Lg6g, LLght ancî spCIre dj-seharge in Hnt*mßph*tlrsrs.les¡ f:îanso ï_1rltu Þãycol, $oe* SlsB7*97,

üsrLl1ee l{oJ, 1g65:,fi.g-A}otoblaLogy of fr.rngi."Ãå Anno Êê1ro
P1"es1tr Phys " L6cL?5*20ä.

.*.L8ø Tuliu end. Ë¡!ü" Asaå, L9610 Ðl-urnel spr,re reSeaee of
gæSgå€#.4 ofj¿P€g fro¡: ri-ee J.eaves" FlryteirathoLogy
5! ¿ 313-3L7 "

Bull"er6 .A*31*Ro 1909, Researches on fung3.. yrL" ï* L*ngnansu
Green & Ço* Lcnùono

FuL1er* .A,.iloËo 193tÞ- F.eeearehes fin fr.lng3.u
ms"R.gs Green f¿ Có* Lr¡nd.onn

Vol u VTu Long*

tarS:en'beru J"B* lg4go proELuc.bj.on ancl. Éåselrarge ¡rf hp.sid :" o*
) Rçsez'c ÕÐ.sll':rres r:f Fel-1j-eulcrj"a fllame¡.ltcsa. (p5*t"

fegæ rnbbçro Phytopetholofiy 39r980*q85.

Certere iol*1I, a.nd TånJ" Ee-nys¡" 1çj6¿1" pertr:dlef.ty of basid.l,o-
$pore re].eaee tn puce¿]xÌ,q. l3êI_ve,e_eatü.ms .åustreLlan
Ju ËloL" Sel, L?.EcTffiffi

$eGvor¡ts R*cro L96CIn EnvlronrcentaS" faet*rs e.ffecni.ng s$)üre
d,5"sehergg by *olqffi ågrrl*Ëiqg (f," ex Fr") ¡çtcË:r. $fuSru
Tï:esis" iJc?lversi ty -ÕfujT seûnsln"

ÐeGroot, R" t" 1968" Ð1urnel cyeLes of æf-rhcrne sTlüres IJrÕ*dueect by forest fi,:_ngl* Fhytopathr:logy Sft¡ j"äZ3*]"Zbg,

Gayr J.t"6 SnA* Huteh1nsan and. Jo Taggart, LgSg* $3lrre C.is*
*ha"rge 1n Fesi-cr,r-omyeetes* Tn peri.'.1eïåefti *f ãpore
clS.sehnrge by lgametÊs #.åflþg.Ëp- Fr, A.nno H*t, Zjl. Zg?*
3ð6'

Gregr:r}r, FulI. 195&. The eonstructLon entl irse *f e portai:3_e
¡ro"lumets"lç Épclre trap" Trs"ns* ËråÐ. îrTy**l, Fbt" j?e
39t*ì+tî,t?,
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ï{e"gennu*1}*rs þ*{}* aç?t" sparuLp.tf.cn bj.çj-ogy +f pol-yp*rüs
torr:en.fr*qlåil Fr' TJnpubl-lslred. *bstve,*t* of soffiiffi*
Fr:ir*st Slsease ?;su'k,sh*p" Gai"itsvlSLeu F3-or3_.åe..

ITi-3:-e 4,e1f, ]-'96(}o spore reJ.ease in FeronûEÞrr.â Èabael,ne Áclam-
ïlæture 1"S $ s 9¿t,ö "

l{3"t"ste J*ff. L952n *"H. a"utrma"tle voLwnetrj-e sp*re ttap. ar¿ïlu
Appl- " ß{ nl . 3ç a2Jl*269,

lTj_rste_J*l"lu ï957 þ .4er*blologyc .br Hr"å" Elyåe, ï{aÈure L?ga8gt*892,

Hårst6 Ja${. lg5g* 5.p*re lå.'beratlorr e.nct cl"i.spersal, Tn Fl-anl:
Fæth*I"og}r' ProbJør*s encl P:"ogtËss¡ lpOõ*1q58"-ë"81.liclton F-Ë eÅ (ed*)* [ÍnLversS"ty of rriisæc¡s:.*ín presss
f.{åd 1soyr.,

HeidgSkåess T*Jn and Ë.*FTarveSrr |gúga Spare dlsel..r*_r6e rh¡rt¡ss
ån P¡rrenomyeeteso i¡Ï, The effectç *f el-lrnæ.tj.c fsctors
Õþ ssasûnr.L and- dlurna"l- peric,åici.t-1-es" rra-ns. Frit"
f{ye.oÏ." 5Õö* g?.t}Jg*}6}-

rngoLtla tnTo 19ä8n spore dåsch.arge in. pges¡-g-p-ora curvuL* de
B¿?"ry* Annu Fo* o t+z e 567-57CI " 

% @

ïngc}Lds coT, 1933. spore då.seks.rge ln -Ascornyeetes*, ro Fyren*
ornyeetes" Bfels Fh¡r6a31n 32 c3.? 5*7_96,

In8;oLde tu'fu ]r953' ï35-spersal Ln Fungi-u Cle.renEfu:n Fresso üxford"
lngeS-dø -üol" 3.95*/, ,spore Lí'l:er*t:lon 1n ïrtgher fun6i-, Hnd"eav*r

L6 r ?**83- 
-

lng*L$e €"lu and. V"J" Ðrlng" 195?"
eharge fn .Ð.AËÊgqlgu Aru-1n sot.

lngeiJ-c1u Cnf" e.nd ßu þTarehaJ.l" Lg62"
*ha"rge by red.':.oecl hunj-dJ"ty ln
S6j*568,

ån anaLysl-s cf sÞore d!s*
zLtt+65*L¡77 

"

Stfu¿ulati¡.cn *f sp'3re dls*
åo.åSFqåe, ATË1. Bot" Z6e

ÏngoLd"¡ c*t** and. Eu tra-rsha3-J." J.963, T¡urth*r ohservatl*ns onlåght e.nd qpsïq d-j-*eharge Lir eertalr- Fyren.:mycet,es"
Aitn* EçÈo â? ¡ lpfil*I+gl -

Tngr:3-d-e tnTn 7ç65, .spôre Ltheratlon, clsrend.CIn Freçs, oxfârd.*
,ïngol"tlg Culo an* 13"år üs$¡ L969. L{$ht arrd. sIr(:rÊ ttischø-rge

lyr jþpåþqålåË, Ann " B*t " j3 $ Åt6 j* À!?2 
"

Krat¡rer, CnLu *,nd,É*H, la-dF, 1966, Á" new ååt*laorlr sp$re ser$:T)lsr"
P1'rytrrpatlr*3.ogy 56 * Sl? * SÊt,
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Livi..ngfftr:vre #u!î" u i':,r,r" îíarr3"snn ancJ "tí, {jsl.îjrna, r-Ë6j" Á ner¡
Eyne äpûy* t'ya.n 'L* r**r'#u:re nt¿wberg tzf .?,:-r*hñrrle fun*
üu.'Ë ep*res ani3. titeiv" per,å*ci-e cf rLe-pr:n-l.ti.*n, ?3_aytl i]ås"Beptr" l+7 â 3Lþti*31+1 "

L*:tties i4, enrl J*iI" "lt:l,ntn, rpúp., stud.f.eß ün .sp+re cr-j,*chargenf FAL äåå #e¿Jå,S_grye" phyÈ*-p*.ÐhoLr:6y S?s?t+fin /iþsÈo

l4etreekertu Fø,Tu 19?qo SporuS-atåÐn 'llaËtÊrn# +f sj-x wood*roÐtång
fun6å Õr? southern ha.rd.rqoods, lJnpubååshed, a'betræ.cts sf
"9cutha'l-r1e F+rest Ðlsease hielrlrshãpu G*r-iltËl¡åI-le a Fl.rrl6a."

T'lûfig#t!;enÊ B*T.u and. fiuRu TooLen LÇ6po Sl.:rntr:i:hore d.eve3"opment
Qnrt^sporulatf.an çf peltrmË1ls g¿e¡i$åår phytr:pathoiogy
59 e8l¿!*S85" 4

I4evåslça-re ü*f,u Lgl"t?,. The Ltght*eonÈrol"1æil d.l.urne.l rhythn: ofasesue.l reprod.ueti*n ån å,åågþgågg¿ a.ril€Ïî. J, ßc.-ta.nv?.pslft"-j!8" @

i,lerecl3"the .Ðus- 3"961a- Fruåt spct (0speekl"es) of. Jame.laen.
l3**nu eaniseri_- ¡"t. _ùe_lSb$g4LeJ;C j-s.o_qFÅpsÊ (Ëyd, ) EL.l is"
.tvø t"1r-rïne3" Õhserve.i:.ûns ûn ËI)ÐrÉ d.åspersal. fu1n, AppJ_,
Ë1¡:L, åt,S*43iÌ-¡tp6 

ø

!{*ra:d lthø Ð*s . 196]-b^ spore cì*j s*harge ån ileightonj.ell"a'6clr*llot, Ê5aä?ffiîffi*** *
l"{eyecLJ"t}ts Ì}"f * 1962, S}lore cIåepereaS- 5.n p!r_3.eu1ag"-{.a ,qråsee(ü*t>ke] $e"eeo lfatu.re LgSsgz*gz" 

- 

raàøæ*

I'T$-stretëau Pn4. rg1p" sg:orulaticn b,loLagy cf "traj^ll.p.yeag$lå.çg {VahL, } Qirel. AJ:etraets ef,-boutria mürlLsease tø,:rkshio3l" tlnpub]":ished " Gal¡tsvll"l"eg Floc,l-Ca"

${o*err ï*Hu l-97Ð, sporu]"e.tian and. lnfecti-on bi-o}ogy çf
Wåqryg$s Ëç&qgå*å,&ååå Fr, Õn påpsq 

^ÐË€" unõünrrshedebsfractE of SouElwããã Forest ffiffisä-ffortrshopo
Gsi.rlsv3.l"l"e ¿ FLoyi"da.

i,lyreno ÐoT. l"969" Heta't?3lshi-aentg spr€F"d ø e.ytú. b1o3.o6y of p,cl.y*
qPä¡ç, tornseûgF-::.,Ë gF ån ineitã.¡rt of s. roo.þ rnE" ln
and. sp"rLrce pli:n-t*"ti-cns 1n rdiseonsl.ïl" FhniJu Theså-s-
lÍyrl":rerei.ty of irÌXse*nsj.$o

Pe.dy* i-qni'{" L952" Å g*ntinuous spcve marapleno Fhybop'Èhal*gy
49 e? S?*?6a,

Peßy* ,S*l{o anil CoL" Kyamera lg6q" perlt.¡di-ei-ty å-n ascr:saore
d-isel:e-rqe rT? ãgmiårÉågÉ TT3âå?Ê- frr1Èo luiÞ*ci.u soç* 5ist+l+ç*l+1t+'i --- =-Y-t*" s':1l:34æ
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Pe.çLyr ff"Ii*a tuL* ärnru*r* s,ytd_Rs t3-ary" Zç6ç" Fericrttcity ln#.sefs1)âr* ä"e3.eass 3-n -CJ:fÉ*gggfjgg" ffyce:L*e;ås 63 s ¿iþ*gg,

Fa-gee l'J+i{+ f"93F' CcntrS-1-ru-tl"ans {:* th* f.ife lri-st*::y *f *erËa:ineeiprnphtl*us fung':l" * Tre,ns, Br3_Ê " T'Íy**l-" üs3ü* 23 a z si*z6a-i
-PerÉe-Ëtos E,ïu 1958o JlexrelÕpment ancl Êï)*r{i rii.ech*.rge .*f thefrrri-t i:c*3"es of pare f*ng1" Heç" ê.Fpr, fäyco]"J3?t6gl*$gg_

Fathakð \¡.I,;o *nd Sul,i, pad-J¡u Lg6S, $un"ners sïr.d. vj"abi1lty of¿er**l_n a3-rl:+rne fungue spsr#ß. F{yco1cgla j?e jû1*3L0"

Fe"ttons EoFu a.ncl F*T" Í'{5ry6tt, fç70n R**t r*{; i-nrtuceil_ 1:.\, F. to*p3"ne ænd spru-çe p3ant:e.ffions in r¡jisc+irs.Tn,*

Poï.relJ., J'Ho a.ncl ì,n'. 'tTnrf , Lg6T, a, zl+*!tçu"r iru¡re*cÈinn spnree(}l-leetoy* Çå.flr J" p]"*nt, Sel¿ &?e?Z.Z*ZAt,.

Rj"leyr Ç*G" L952" $Èudl-es ln f,_*reeE pø,Ynaloß3r. fX* Fo¡nes itr*på+ffr¡g it.eeay of popl^ar" Çan" J, Bntanþ 30å?j_õlÐm"*
Rf.sltï..e*h¡ JrË,o 1951. #beer.vBtron <:n th+ hiaJ-c¡.gy af Fomee

ãnnr,slr,s wtrth partieular ref,erenoe to Eest ÀnffiFffii.gns" iÏn $por.e produet3.nn, *tiem3: inf,eet,inn, and
se-Þrophytf.c actS"vity 3-n etumps" $,Tu?, p.ob" lgrt*23-

RLs3'r}:etþ¿p JnB. !çSgo l)f.spereal" ,lf Fornes
Pe*åspþtrê glse_e$eà Fru {ptasffiE"ãffiæ3:ãffi-"

Él..Tlittsu_s iir, s.ncl
ffi*e,rlt" i,iyet:J-o

Roger,e¡ JuÐo rg6j, Autumn and, wintey sÐslrul,atåon by l:asíd.io*
c!?rps af Ï+onres s.nytrlsuso FhytopathoS.o¿3y j3eLl_¿t,f*til+t;-
Â ìr *.1-frUù{/ü

sohenele, ffiut" Lg6li. .a. portablen j.nexp*nsåve. and. eonsgnuoueLy
se.rnplLng spr:re trap, phytopathà3.,rgy g¿pE6f3*614"

s*hnidtu ffi".Ao and F.Áø l.foortu rp6j. Be-s1dåospçrÈ ro]_ease by
lggpg ?å18-Èqug" phyt*pe.th,:3osy j5rljf , Åt:s,r*

$han-r*uga.na.thË-31e 3lo ancl F,j.f * ,¡iru-3.pnaga.se-m - rg66, Ëpi.clenio].egyof, Bea b13_ster b1"S-gi:t {frxob¿+.sict.j"uin, veä¡.ïi.q).* lI. Thed"ltarnal" eand. seasonáI p"ffiå 1n. t,he a1r
ûvey s. te* *st{ìte" Tr8-ns. F,¡"-ltu Ïn3yeol"i soon l+ç tzzg*;¿e6,

shruns Siu.iju -s.nd. Foåard$oeÏ.u Lg6$, yÏ:e inf'tr¿ey¡ee +f Light ûn
f37T* rel"ea*e hv lggse gågrq$Lü.* phyÈcpai:1.ro.l"o¿5y 
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slnclslrs ï,'f*A* 1963- trff*etc *f temperati.rre end ï*rL,sture Ì?poïÌ
clp.f-3"y anrl çeas*naJ" pa'bterns of he.s3_er-t,:sp*rá ai,$perse"t
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br *g*gå ?#p##.å* "T?hy'b{}p*.ir3r'*to6y 53s35?"" .ååsÈu

$ån*lerir, T"f*4, Tg6It. äclst ancl butt yat af
Ï-*,ry"qg *ASoSu,s eglth øpeel-al refe*"encepereal and e*ntroL cf th<+ rLlse*tse j.n
TTntrverslÈy" Se$ ï$rk S,eete flr:lj. , tf
ÍduYn Ï.5eri*is 391*s7*51+-

er-ani"ferç eau*ed by
t* ir':.*cul.um d,3_s*
l{ew Yrlrlr" tornelL

l$rieo Ttheoa"

laaerbers3 I
lür:tes,

skLlL5.nge Ð.Ðo 1"969" T!,re cffect *f, te:ntrlera,ture oi? å"sûçsllore
EeLeæ..Ee by 8cJ.er+derråÊ åAgelne.rg'få- p1arrt ji]lsn Rptr"
5j t zûg*zgL,-- ì-:;---:;iY::'

Sr¡erl"1"*, F.ln Lç68" fipore cIåsch*rg* sf Scl.ercd.erris
Gremuen* üe,nu llept* irorestry m:"ffiäffi
ZILc }t.

$nell,e '?ioH' 3-ç22* $tu.diee *f e"er,caj-n fu:rg5_ sf er(:nûmi.o åmp*r-ta"nee in *he ëee*"y sf hui.kl3"n,g ti.rnËerse nlth ãpee:.a3"referene'e t* the faet.nre t¡hf-eh farc*v thei.r *eväLopment
ernd dtssemlnatli¡nn UoSu ilept, Agro BuLl-, llo" ro53î- uyep,

$nowu G"Å,* anel H'c* trraelreh- l"gds, Falï.y *.nel seas,:nal eLås*perSa3- r¡f Ì,.adCiiosForeS *f Cronartir¿m fizsiforme_ pþrv*
topathol*gy S8zL53?.*\fi6o 

- 
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'*reer*mul"u, T* lgSg, T'he clturnr:3 *.ncL see.e*i?€-J" perÌ.+rlÍ-cåty ofspûrrÊ *f úertsln plent pathogens l-n t,Ïte elru Ttrarrso*rit, lfy*oln S*Ë, L'¡Z¡1"??*lg¡+"

{Treern:eu"1u-n f. 1963, übservati.nns c:t t}ie "p*rl.*cåiei_t¡r of e,ir*ì:orne spi:¡res nf Ëa¡rqd.eEqe .qppt-e4g_bJg" Triye*3-omira" 55c37]--3V9" ---*'é+'r

,$ta'r'abeugkr, W,J,:, Fo i,j" Cobbe Jr, * g¡.4" $elïn j-d.t¡ âïlil Bn Çu Kråe*gerÉ 3*962o ¿qeascnaJ" J-nc¡euLu¡n d-3.sper*e.l åncL vrhrlte påne
Ëtymp 1¡rvaston by flgëg_q eHËq$.!¡S., pl.ç.n$ iJl-sn Hpt;.-t+6;1gþ-Lg8,

Ya"gg*'.rbe J*sus so,a" fiutchånson a.nd. F. $wi.nbank, 196¿þ, Êipored-3-sehs'rgc in basld3-r:rnycetes" rrro s'p*rÀ i:,ná*"irn"from ns.trrili.¡ lty:nenåa} tubeso Ar¿n, liçÈ. ?&t6çT*61g,
t¡an Grcrener,+curx-* H, LçS()s /r ?oct d-i.sease eomp3-ex i_yl ,5egke.t*

eher¡æ-!'r arhi.te sprureo l¡oreetz'y thron" 3z;ll*1],
1,,1e-1"trcey, IJ"GnA. ancl E. Fayneyo Lg6V, $pore ct-is*,ha,r6e rhyËhmsån Fyrenr:nyaeÈes, lTT. Âscasp,:*ã .prodr;reti¡¡n anrt thequåntåtaËtvq end. qual,ltatlrre' tnfluenc** ãr 

-rlent 
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ËF{?re d.rsc}ra-rge Ln $orda. J-*Q Eiâûq_?sp*?#* Transl Hri.t"
T{ye a3. " $oe" Jt l.ZEL*ffi-
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?¿]e,3-lreye S*Gn.A.* e.T\ú- H"e Y,s"tr'veyr" 3g68a, Sï:ore rj3_*r:}:erg* rlry*hrns
1n F}r3"sv1*rnyeetesu TVo t'h* årrfLuen+e c'f *3l¡ratie fset*rs,
Tre¡rs. ÐrL t n Ï4y*c3. o Soc " gL c|?g*??,6 -

1,lo-lLlreyr ji,G,A, and Rn fyårv€y. 1963h" Ðp*te 1Lås*harge rhytirrasin P1'vç4r:$ycetes" 1flu The effe*t *t ten¡**retuve Õn
rãTir?r'r cil-sclre-rße f-n êffråag-la mã'qrqs'rgäg" Tr,tns, ]3rj,t"
?4yer:3-, ,$q]0 " SL¡ ?gl*TWî** *-

Ws.l-l"lss G*t;,J" AgúL, Ii.rfecti.cn qf #oo.î;s plne rnots ìry
Èqtp€gËu Çã.rr. Jn ïiatan¡r 39aLûg*12f."

i,íl:ititeys BnÞ, Lg6z. $tu¿lJ-es j-n fnre,st ps^thcLegilp xxTi¡" Fol.y*
8'Éî,lT &g&Ë&g$-rug 3ïr' a-,$ a æ*Jor Þget."tr lir stanci*,rffing
d.3.seåse sf wh¿åte sprlroeø ts.El* Jo ÞrlÈa.ny &üa3"6JJ"*l"6gg,

tfhS.tneSrr R.uÐ, 1"ç63, "årtlfleraL l.nfectS*n af sms.lL spruee roçtsnåf;h Pgl,,yPgär¿F. to+-estpipu.ç, phytope.thoL*gy s3 a ttt+z*ulry 
"

hthitite$r lI*F, L96¿+, Tlarrltr$ccl ee lncenlun earrge:.s for F*lyÞorlrs
l,:ëo*Ëp qlle å nç eu J.a t I *ns . Fhyt r:3:a.*;ho J. cgy 5¿r c l. l¡8 4.*îffif*

I,J1,:3- tneys ËnÞ" 1-966*, ßer¿ai.rratLon
bssLri.l_ospclres of pc:iynorus
t+Ir sL333-1JAr3,

i.;'hltneye Hnilo 1966\" .$usceptibtL!.ty çf-*täll# å'teçnÞ sus 3.n þreatthy anclfrffitffi*ryçmm1_r.?16, "

I,Jh5.finey6 BoI-]o sntå ?,Inl), Ëol:ayehuk" l"96g, St*rap;e +f Folyî.)()rus
ëqnejgFpqq"å si:nre,"j:horss c üån* J" Botai:y I¡7, 14gmm*

?f+*de P"A" encå BuA* $ch¡nj-rLt" L966. .{ #pore traj¡ fnr stuci.ytneslÏûre reJ.ease frop: ?:e.e1d1o*â.rp.q. FhyÈnpabhaLrrgy J6'e 5a*" 52,
i'trocd.a F,Ä.n L966, Pa"t.terns r:f 'basi"clliors.,rrc rç1**se by I'omeçgg g.g' Phytr:*atholtrgy 56 eg}6*g1? " Áhst ç

laEr,¡onile tnHn 1ç3?n fhe reLç.-bioyr of 1j,¿ght Èa B,lre d,,l,urns.J. cyeLeeif spalule"ül-xrn of eeytaln C.û";i,ny ßrl.}ei-s;¡¡s, ;, Agr3.c"
Bes* 3(15*3'Ì3"

zaþer'tq I{*l{ê l-96¿,,. Effect af tempez"eture anrl- hunåc1itts on ìra1-31st*si:r:pe d.åscliâ.rge, Trp-ns, Bråt, F{yecl o ulôG"- l+T rrcç-rrtt"
flçT¡er\"e l{,TÍu 4?f 5: $pore dt,s*harg* Xn åçæåg3g ååSr.glåå.Tria.br.l,se z*.9 a!+t 5"

anei Inn*uL¡:-t-'.ron
to¡ûent*si"tg, tano
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tesfs wl'bh
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l,ilri-te sprucc to -pcrLy*cl-lscesed. s'bB-:rds" ffi


