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Scquesrrrtc irngi (Fig. l0.f) xre flcshl', LeathcrY'

rLrbberr, or certihgLtrots spccics that sclllrcster, or

scclude, thcir sporc bcxdng tissues, PrclcntiDg thc

$o.cs tion dischargjng nlto their s[rrorurdmgs

Llcl. r.' t.o' i ' .lr ,rr- .olc i,5 rrr 'r'
c closed within x peristent Peidiuln. Se(lucsrrate fungi.
with rlre exccprnD of drc "sccotioiLl" sPccics, are hyPo

licous, irirhour a stipc or {ith onl} i rldimenrarv one

Itrlrc ind lilse trufllcs. rcspccrile\'). The sccotioid

pr. '(r.r\."Jrr o . rcr' r\Di^,n ' rn' rn
arld nry havc a well ctctebPed stDe ALrolt 150 gencr!

rnd 1200 r. id specics ol sequcstrirc fitrrgi hale bccll

.lcscribe.l in 38 flDrilics, represcnting Il orders in the

Arcom)cctcs, BasidioDlcetes, md Zvgonvceies iv{trch

ol rhe \rorLd hxs yet to be e\Plorcd fi)r seqocstrrte fungi,
hoNc\.cr, hcltrdhg trost of Asii, Aiica, and South

,qrncrici. Nc\r speci€s irc bcing discovercd rcgul.rl! in

Norrh Aneric,i encl Austrilia. which halc bccn searchcd

cxtcnsively lbr membc$ olthis grollP Onlv F,LrroPc Ias
bccn .o\ercd rhoroughlv b! collectors ot sequestr:rte

firngi, rLrd clcn tLrcrc, new spccies continuc i{) bc dis-

colere.l.'Ihc total nunrber ol sfecies crisring in rhe

worl.t is likcly norc thxD .lo!Uc rlrat currcDtlv kno\i1].

In the Asconvcctcs rnd Brsidiomycetcs, nost scques-

tr,rtc irngi appear to be cctomvcorrliz,ri mvcobionts

Il.r ...r ' l',,,2 ll,. .,d .F,n '. .\. .. I i

botlr groups, espcciallv in Nc!\' ZcaLatd (..9., ]'a ta'
ro4lr specics ind l4lrrl," spccics) ind in lropic.L l2irl
fbresLs in Austftlir (c.g., r-t4rrrita sPecics). Scqucsrraie

ibnns ofZvqonycctcs are iirrnd in the Endogonalcs and

Glomilcs. Thci, iiuiting borlics runse fiom loosc clrs-

ters of sporcs ro densc, somervh,rr orgxrizc'l nr3sscs ol
ryorcs. Most sequcstlarc sP€cics in thc F.n.togor)rles
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FIGURE l0.l selucsftr tlnsi

xppcd to lbffr c.i(nnlcorrhizirc 1(lcIa1cm u ,\l)d

Trrfpc 197'lJ, bvr EndtgorLt liri,ri,rrrj ind pr.,bibh'
o cr closcLi rcl,rcd rixi irc srprobic (Berch ,rL,rd

CisrclLino I9861.\1Ic do not mcludc irl)usclLlir n!cor
rhizrl IAILI ZIsonrv.etes, shich tiuir rs in1n' u.tl

sporcs h solL or r,:xrrs, iD our clcHrition of "scquestr.rtc
fiurgi." lhc Cllonr:llcs, in gcLrcrrl, lbrnr ltrscuLrr ttttc
r ,..,. \, .. rr.l uj ,'., r' I

scqucs(rtc lirilns irc rsso.irtcd primldh with $oodt'
perennials (Gcrdcnrnn ind lnppc 197'll.

BCOLOGY AND EVOLUTION

DISTRIBUTION AND HABI:T.ATS

scquestritc iirtrlli u{rill! as$cintc Nith trccs or shrubs
rnd hencc.rrc n,ost comnonli fbrrd in iaicsrs, rood
hncls, and shrnbhnds. Ectun)'corrlriz.rl farcsts otlcc
Ncrc dlought to o.clu pimrril\, in renpcrrrc to borcrl
roncs (,\{c\'cr 1973t, bur trotr cctomvcorrliz.tc 'rtc

loio\ D to rbound in ninv or:rpic,rl tbrcsts rs rcll (Allcu
ct iL. 19951. Uslrill\', \!hcrc\cr ccrom!.orrlliral hosts
o.cur. c.tollrycorl-hiTxl scqucsrrrtc IiLnJr,i rlvr occur. Sitlr
ildly, scqucstr,rrc AI1 liugi fi.rr bc tbtrnLl innDg rooLs

of ttuPic,\L to borell Axt trccs ind drrubs. siprobic

se.tlicsrrxtc spccics ni\'occur sirnil'Jrh' \ irhh this ilugc
''I LoLr'. \
in .tcscrts (a;jLkcv 1939r AlshciLJr rtd TRfpe 1983.r,

l9ll3br Alshcikh 199.11, $hcrc drcv nrrl fi)rDi spcci\l

$pes of nvc.,rrhizic rvith ennuri ot PcrcDniil hosts

{Asinrh ct .rl. 1979). soDc srprobic sfecics (Zcllcr
19,13; Smgcr.ncl Snrirh 1958i 1\lclirighr 1985) xlso .\rc
tiN nr dcscr-rs, ihhough n gcrcnl t-c\ fingil $ccics
ancl spcciurcns olrnr.tipc rrc lbund in rhis hi r hrbitir.

' ,.. p. o.i sr . .,!t r.r.r' hr .r ...'r
bur our obscr\tions ioDi crtcnsilc collcctiDg ofsporo
crrps suggcst sonrc gcDcrilrtits /]. M. Trlpfc rnd Il. A.
(l$rcll ro, ufpublished clitil. Spccics ctncrsiti r:rf .tll

sequcstftt. groups .,u Lrc rcltrtilcll high in thc lroPics.
but in gcncril ir sccms highcst j. subrlrpicel to tctt4rcr
itc Lrcsts (Allcn ct al. 19951. Dncrsifl', brsc(l on $oro
ciry collcctiolrs. tcnds to dcclillc ir r[stml or borcri
Llr. \'l .,.'r-p \r', - t r.:rr
Sinilarly, spccics di\crsit! xr moutriirs tcnds to bc

liDc hrbjtrts. In xltiDc ird rr.tic hrbirits, (Li\cnitv ol
scqucstr.rtc llngi is loi\', c\c (hcn slliriblc hosts sLrch

is le,,rnnhol, conifir, rilLors, or L)irchcs irc Prcscnr
(Lau$cr .urd i\'Iillcr 1978; Ciz,tcs xnd lrappc 1990;
(lriiliri Horrk 1993; l. M l;rppc, nttublishcd drtr).
Hosrs suit.rblc lbr scquesrrrtc iirngi rrc rrre or lackrtg in
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Sequcsti\tc firDgi ir tl)c Asconrvcctcs rnd ll:lsid-
iornycctcs sh.rrc r conrnron !nccsrry with o.\vcrc Lled!e.1

nonr cpigcous, norscqucsirrrc fbrms of cup liugi rnrl
mosb.oons (Trdpte 1979; l\'Iillcr 1983; Thic$ 1984;
Br r)s cr il. 1939; O'DonDcll et il. 19961. Thcy have

clohcd 'Jlong sclcrul phylogcDcri. lines inro liugi
mrgnrg iiom mushrooDlihc to tnfflclike. The Bisi.l
rorr-.rr.o.rlc ^.,.l....r' Ifi-r '.'. {1,, Irfi.
uhrlv vcll (lvillcr 1983; Thiers 1989; (lizircs en.1

Trrppc l99l ). Ii $ccics olihe nr$hroonr :!c,rus s,tllra
lbr c{rrrplc, sporcs ere producert nr hynelnD lnrcd
mbcs tioD lvhich rhel irc .iis.lrrrgecl lirrcibl,r. lhat
gcnus is rclireLl cbsch' io (iararsrlllas, which, rlthough
rcL',riDLug r DollideLl nrNhroonr farnr, hrs hymcDirur
li|cd tubcs ihai ,rrc conrofte.l antl phggcd so rhrr rhe

sporcs ,irc scqucsrered rhcl cxDnor cscrpc ro rhe a!
(Bruns cr xl 1939; Thic$ 191t9). Thc sripcs of Cutm
rrilrr spccies irc nruch rcduce.t, so rhrr rhc sporc
bcxrin!! iubcs irc Dot riiscct out oithc grouncl.

Ttununtuwlla spc.ics represcni a furthcr progres
sior ro\1,rrd redLlccd rctroductilc strtrctlLrcs iSDrith and
Sirgcr 1959). In this !!enus, thc sporc trcanrg tubcs
lbuo(l in Sr;llrr t11d (]dttroetilh6 hrve becn replaccd
bt hvmeniLrm lincd chinrbeB, iDd thc cntire basidnmra
is crcloscd in , pcrsistcnr peddiur. Trunarohmclh
l. '\ - L, ,,r.. r- gi.. . r .r, .l .r p u.

siorilly projects ionr thc blse olthc columclll Iurther
rcdLrction oa rhc reqLlcsilxie besiclnni is lirund in
Rhizalalo lpc.ics, \\.hich rcscnblc Tnuraanrnulla
i| tbrnr bur lick r colllnelli {lvliller 1986; Brurs et il.
1989) Finill], gencri $rch * Alpow tttl Melano,4nstu.
jrck rhe chinrbcrs iDd h\ucDir;thc glcba is a gclernrous
s.nid miss offockets pxckecl rvith gclatnrizccL basiclir ard
srrcs (Trrprc 197s).

Sifrilir Doryhdogicll trogressi(ms occur nr s$cral
rlr' .rr'i. . 1. o'.r''..rr\. rl. , { rJ .,(.r.

drc nrudru,n gctltrs (hrt;Ddr;16 is uakrgous to the
sdtinte scqtrcsrrxic:!enus ?laurrojasrl: Thc brs rnc
is redlrccd lirthcr in rlle gencri Qn.tinmle^ u<I
Hluo?tlattd', \lith sane specics havhg a coluneLl.t.utd
odre6 losing all tfa.e of it lBoughcr rnd Castclhno
1993). T\,o nrxj(tr pn,grcssi,,ns sinilirli occur n thc
R'r' ,r ., .. . rrr /l i,. ,/ \t . . r. r' .1, . p .. r. .

scqtrcstri.c .;tirrro,,arilrJ species, lvith a con(nrcd
',rl' n.. r"l.."rb) r. rpr..r..

1.. r'. rr tr" 1o !?at. t ,t.-
.' 1..t.1.1 ,.t(..1. 1"... .//1t..., ,"Lt
lsilgcr xDd Smith 19601. ln thc lricholonatrcc,rc. thc
rcdlrcrr)n t_rom mushunn l() sinplc sc.lucstittc ibrrns
occurs fiorr /,r,,ar;r stccies. rbxtugh lldohdnar21iun
spc.les, to Hrd anltiun specics (Boughcr ct ai. 19931
llllellcr ind Anrmiriti 1993).

n1loat tnti I99

r\ro pulib. l gctrcra, Rrdi,1.l,?', lnd Ptr.,0!ast.t. at.
se.tlrcstrate. l',he s€ctucstrrtc lbnns irc hvpollcous ind
rcsenblc unopcncd spccLrnc|s ot thcir epigcoN inr'
logues such as Grrltrrspccics. Thc! hilc lost ihc srtures
that pernit the pcridium to opcn io producc dre crrdr
st ciicct ol mrtLrrc Grr.rt / spccies {Tincdo and
CrstcLlino 19961. Thc gcnLrs S,l.',/,/'r, cons;sis rrosth
of cpigcous spccics {'irlr I pefidiLnn rhrr opens xpicilh
to crFosc thc powdcr\r sporc nriss io rhe iir. Sone S.l''
ndetni spccits, howclcr, consistcnrl] rcnrin bcldr
ground rnd nclcr opcf (Zcttct 1922,1947; BcrroD anct

lvcste 1982). Thcir sporc nux still Div bc powdcr\',
but jn so rc spccics ihc sprcs rtlhere to each othcr tir
prodlcc,r morc or lcs, solid mrss. Even x,lrcn ficsc
spccics hxppcn to cnrcrge fl-on rhe soil, their pcd.lia
rclr1xn closcd (1. I'1. Trrppc, unptrblishcd.lata).

Snlilrr phvLogcncric lirks fion cpigeous to seques

trate forrns .rc scc, in drc Ascon,vccie or.ler Pezizrlcs.
Epigcc,rls crp fLrn!:i, slrch xs H,,?,r;a, rrc rclitcd to the
gctrts Gta!|m, \'hi.h hrs scqucstrrre species that fruit
lrypogcousll anLl hile lirge ch:rmbers lircd with hvnc r
tlnr arc cncloscd in i pc diunr (lludsill 1968; liappc
1979). Stlte lin is sinrilxr ro G,p,ra cxcept drit its
hymcnir do not linc opcr chanbcrs b[t are enbcclclccl
in solj.l tissuc (Trrppc 1979) PLnL:dj1!;un rcrtes.its a

lirrthcr simpLilicrtionr rhc $ci xrc pickecl nr poclccts

radrcr Llml c:lisposcd in i hynreni:ll hvcr (Alshcikh rnd
Trrppc I98 3r). Similid), rhc cpigeous cup liugus genus

1'rzi:r is rclatc(l ro thc genm Hrlraplrara, in which thc

+,orc bc.uirg tissLrc is fol.lcd, t()duciD:! sequestratc
chr rbcrs Lhcd \\'ith hvnrcnii (Cilhcy 19s,t). llcpr uc
tj\'c structurcs',rrc rcducc.t ir.tthcr rt Hldnotrvpsr
spccics, Lr i\.hich r solid glebx cDcloscs icnN ofhlmcri.
or pockcts stu*ld vith isci. O'DoDDcll ct al. (1996)
prolidcd nolectrlir c\.idcncc linknrg othcr scqucstrxtc
A*o,I ,.t. r. .trjri, i r'' | .r t. l.

ScqLrcsrratc gro!ps ir thc Zygom|cctcs ma! reprcscrr
cvc,lutionrry proli.cssion in thc oppositc direciior. lhc
Ibssil rccod ol thc irbuscllhr mycorrbizrl Gknalcs
suggcsrs crtrcnrc\'cirlv occurrcn.c ofspc.ics rhat tarn
nrdnidurl {orcs rnnDg roors in soil (Trylor ct al.

1995). Rcproductive sirucil!cs of prcscnt dav scqucs
(lic spccics rlngc llr)nr siirple, right masscs ofsporcs to
comdcr liuit;ng bodics (GctutenrxDn rDcl lrappc 1974).
\rhich ni dris casc colliLl be rcgrrdc.t es en crolutidrary
.dvrlrcc. Thc origin 01.thc linclogonalcs is obscurc, but
.c,ro u ri ....ri r '.1'r' rrrr 1 't- t c, ,'
ilso rangc lronr siDrtb nrxsscs of spores to organlzed
arrangenrenrs ofsporc bc. rg tisslrcs lGcrdcmrnn rnd
Trippc 1974).

Thcsc "cvolurn,rxrl c\perimcnts" nN,.,Lrc sjmplific.r
tiotr ol strucrtlrc (crccpt, perheps, nl thc Zlgonvcetesl
ird incrcdseLl fr)tection llon clin.tic stress accompr
njc(l by incrcxscd cnergl cfficicrcl ind spccixlizcd
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:Ldlptxtioi to spore dispercal. Seleciior lilornrg protec
tion ofsporocarps from heat, drought, or liecznrg lea.ls
to putial or conplete nnDrersbn of sporocarps nr the
prctective, msulatrng soll. Consequcntly, the nushroom
r, m ,. lor3, ' n((J(J ,U ,..,* 'p. r l.r, r ,g rr '..r.nru,1..,,, .u,,.,1'.. t,r.\J.d,.,p.!JLhorL^,.e,

lbr lorciblc sporc discha€c. If sporcs are not i3rcibl)
dischargcd, no ordcrly hlmenixl prlisxde is required to
crFosc rscus or basidnrm dps to dre air. Host ftuga1
]nycorhizJ rssociations m sequestrxte specjes ro Lolger
producc the nonfertile structures iId thereby save

rcsourccs. Although rcductior lrotn a lbrrn rvith ar
cl.rborxtc crp, stcm, .nd hymeri.l tissuc ultimately to ri

sjmplc, trultlc lbrm with lcss dificicndrted tissue seems

morphologicrll,v ftdic.l, nlolcculxr evjdence indic:rtes
thrt such ch.Lrgcs do rot rcquire mrssile nurnbels of
mutxtiorr (Bruff et r1. 1989).

Loss of forcibtc dischrrge of spores to air Drust be
iccomp.nicd bi mutations thrt adapt sequestnte furgi
to othcr sporc dispcrsal trctics. h most cases, the dis
pcrs, reicnts .uc rnim, s, iio arthropods xrd gis
tropods to mrmorals .ud birds. The furgi hxle
dcvclopcd .L mc:Lns to xttrxct xr1imils when sp.,res are
maturc and cxusc thcrr to ingest the spores lhe attnc
tmts xlc omxdc compounds, inclu{hg pheronones
(Claus ct . . 1981). Exch scquesrnre species prc.Luces iis
o\\r ar(r), ofrromas, usuJl) r conbinrtion ofseveral to
many compounds (Madn et rl. 1984). I]nmrture spor.)
crrps hrvc litdc or no distirlctive o.Lor. As spores begin
to nxture, the irttrictart corrpourcls are proclucccl, aDd
.r' -J l,r.on l.,o,c.n,Jr, -.,1 ( J,. -.. 1

Fnlp.rg.n.) (lrJpp-.' rIl.... l', /.
So]n€ spccics visuJly aftract birr{s. ln Neu, Zealand,

Nl ch lacks nativc mx]nmils, birds xppcrr to be impor
tarrt vcctors o[ sc.]ocstrrt tt)ngi. Pn1r.lc|ti|is pili has a
sc.rrlcr pcridium. As its ascomt:r cnpxnd, they lift them
scivcs to thc nrrfxcc ofthc humus, sonetiDres cLet.chnlg
conrptctclv and \'ing loose on thc surlace. Their size .r.1
color min c ftuits of ncarb)' -Prlr'r,'p,r species aDd other
plmts dut arc cfter b,v birds; l] lilr Jso natures at the
.,.))r ri r. r"l,r l1tt0.n-,.',1. .f' lat,,0 )l.t.-,an'.nr
lyirg on fic lbrcst floor .moog podocrry ftuits Jmost
surcllr ,uc catcn b\' birds. Scvcr, odcr Nc\r, Zealxnd
scqLrcsrratc firngj Jso cmc$e tiom drc lbrest floor xrd
irc bdghdv colorcd (c.g., spc.;,es af Chan|nisid, t hnt
teral|nste1., n\d \4ten10i). Pha'n tritn lr,4rr'"t dese.ts
ot'thc Anbja| lcninsuh .ud Norlh Anica produces
clitlcrcnr visu,rl sigmls. ScvcrJ to r dozen or more
smrLl ,Ncomrri clustcr to lbrm r pronounccd hunlp on
rn othcrNisc Uat dcscrt 1loor. Birds spot $csc hunps,
scratch :ru,irv thc ovcrlvinei soil, and ert the xscomxtir
(A]$cikh rnd Tnppe 1983r).

tulinuls dispcrsc sporcs in rcsponsc to nutritioffLl
illc]uccmcntst most mr rnals. including c nivorcs, cxca

late and eat scqlrestrate fuDgi (l.ogel and Tmppe 1978;
Ilascr er al. 1978). Sequcstmte tungi contain cxrbohy-
clrates, nonproteir rnnro acids, protehs, arcl elevrted
coDceltniions of yDc minera]s (A1 Delannr, 1977);
their ruoiiidlrL lalue is evidenced b,! ihose drinels that
eat litde but sequestmte fiugi (Maser et rl. 1978; MaseL

et a]. 1985; Clandge .Lnd Mxy 1994). Al1 steile tissues

are digested, but dre spores pass through the rligestirc
trect unharmed. As spore containnrg lcces rveadrer, $e
spores are washed irto the $il and potential\, conract
rcceptive DrycorhizaL host leeder roois (Trappe ard
Mxser 1977).

SoDe sequestratc fungi such as Cuwwfufobas,
M$a1)hrllio, Cinalr n, RadiiJtrl.n, ^ni Sdtra'funna
.pire rrrh. B.' dcm1,<te t J tlapt,n,r",'pe' r n
the Ascorrvcetes have a po\rdery glebi. The first t$,o of
ihese genem havc a certral colunella or corc drat
mammals eat; io get at it, drev pceL off drc outer,
leatherv, or ca ronace.,ft peridiuur. As tlis is dore,
the powclery spores are rele.sed to the air, clhg to ftr,
or fall to the soil (Cl ge and ]!lxy t994) lhe other
geren all hxve dick peridia that the anhals consune.
Thev dig up the sporocarps, often taking $en to a

leedhg spot, and then eat the pcri.liun. Thev discard

dre poivclerv spore mass hsi.le, releasing the spores nl
dre whd (Trappe rncl Mrscr 1977).

Most desert d$,elhlg seqtrestrate irngiare adapiedtar
passive spore disperral by rvnrd. Spedes ol Corborryces,

Tet.Jczia, and'lirwania ftLrit only in yerrs wher adeqllate
rafi laLls er appropriete tnres. The Rugi produce succu-

lcnt asconata composecl of large, ihnr'wallcd cells ill
a.lapte.l to \rithstxDcl clrvirg. As the relatively small

Carlonlris asconata erpand and menrre, thev tend to
lili dremselyes out ofdre soil. Wher liesh, thev nav be
(Jr. b ..,, ,,,.. 1..1 , J\ hrlor ll',8o).. r.r -r-,.
thel, dry ircl the inflrted, thh x,alLed ceLls of dre gleba

disirltcgrate irto a spore beaiDg po*,cler. The ascometa

of Carbowlcr species re blorm about the desert floor
bv the wind, clispc*ing the spores as the pcri.lium
ahndes. TerJczi't 

^n(I 
Tirw'tnid species tcnd to have

rclatilely large asconrta As they expard, drev push dre

o\,crlving soil up\vrrd. Ttre wnd blows awal drc soll as

it dries to erpose the sequestrxte ascomrta, \vhich quicldy

drv. 'lle idtjallv lx€e, succulert ceLls of the gleba

disintegnte iDio a spore bearnrg powler, *4rich wind-
blowr sand abmdes awa\.

De\elopment of sequestrate sporocarps nr the
Zlgomlcetes coulcl e$ance spore rlispersal because,

without mimxl mvcophigt, the Eldogonales aDd

GLomiles nostlv ire dispeNed by novenent of soil
through the acti.,n of$ind, \rater, landslide, or aninrals

feet. The indnidual spores produced nl soil bv nost Glo'
n.Lles, ilthough lrrge h coDparisor to sporcs of otheL

futgi, are probablv too small to attnct even dre $allcst



minrnrrls or birds. Lirgc Drsscs of sporcs cLustcrcd in
co,npict orccr1ps, horcvcr, rrc rc.rdih' lbufd rnd
co,rsL,mcd by rnrll nau ls lMascr ct.tl. 19781 Trt,
spccics sho' icliptrr(,rs that mr! prornoLc dispcrsil bv
liir\ls. En,lotan' pnifbrw5 arld Glonn eouvoltttu te
borh bdghr \.clloiv iDCl tiuir n thc spring on thc soil
surfice rr the edgc of Drcltirg srloN b.rrL<s iCcrdcmrnn
',rnd Trrptc 197,+1. Thc! rre spotrc(l casiil, rfd birds mxv
bcirftrcrc.l to thcm or Dlistrke thc lbr larec secds or

Thc \.idc dist burir'r, c(ms cnblc divcr-sin', rn.l locrl
rlrndincc ofseqtrcstrat fulgi inplv Lht this morphol-
op1 confcrs brold cloLutionarr Iltlcss. Thc scqtrcsrrxte
hxbit hrs adsen nrdcpcidcnd\, jtl parrllcj cvolur()nirv
lircs in di*ircnt phccs AustrrLh rrld Norih Anrericl
proyiilc i sidknlg coDrpuison. Tl\c .Shill16-
Ga$roluil1r-Truro.ol lD.lla Rrizllola h\c is hast
spccific to nrembcrs oi thc Pnxcclc. u timilv rhrr Llocs

nor occur natualll nr AustnLir. Thc r'rrrlrd S,t /r,llnr-

.4nitd D.s.o'"\e6linc appears likclv to bc host speciilc
to cucilvptrLs. r'lich docs loL occur nxrln-:lllv in
\^ \rrrcr', '. ltr P , t r .U.r\. t'..1 . G,...,'. '
t|1c Ln.tdriu-Aterye t;.Io Z.Utram! t. )1i,1 th.
C|rti ,tti.atThdvt.nq'tsta Lltatta!! t l \cs 

^rc 
t:oD

on bodr conriDcnls, rlthough Do spccics occlrr on borh

,t.r(.r' r li,,,.r' , 'ic
\fiich rcflccis thcir dcpcndcDcc orl mycophrgv tbr sporc
dispcrsil. Killing or cliscourrging or)crs dispcrsal rgcnrs
h',rrdly Nould contar rcpro.llrctnc acl\'.ntt\gc. No phvlo
gcrciic lincs fi-onr roxic epigcous iiurgi to cdiblc sc(lucs

lr..c hr '!.n r'r. lr.!r'rr'' 1/t,,...or,i.
bodr clliblc :ud ro\ic spc.ics Wc hypothcsizc rhir irs

scquestrrrc rclxtives, al'bist.rrya!t.f 
^t\tl 

Pf0tul0$bn,
' tl1rr a l i rr r\( (J,L,l. ' rrl.,, , .r..''

'r..,.r. 1 'hrlrol rl..r (pg\o 1..i \.,?
Drorc nLlDcilrs thiD sequcstnte lirngi, but prcscnd_v no
clidcnce slrggcsts rhar one life lorn n morc sLrcccsstul

dlJn ihe orher. In :llllikelihoocL, on€ nr.lr' bc Iilorcd olcr
drc odrcr in ccrrain Diches or hxbitts or iu ccrriin cli
.nrcs \Vhy thc scquestrate hxbit occ n ovcnrbelnringlv
emorg m,vcorrhizal, rathcr thn srprobic, tungi is i
.rxttcr of speculrrior.

TRoPI{TC RF,T,ATTONSH]?S AND
FuNcrroNAr ROLES

I J r.'.' | /. | .. '.'t,r.l-r. lrrl' r. o. r. ;9. ,r

rchrilcs of nn)st scqucsintc fiDgi crrry olcr inro rhe

scquesrrrrc Rrngi $emseLics, o1lcn to thc samc dcgree
o1 host spcciFcit! (l,lolinr aDd liappc 1982t j\,Iolinx

cr rl. 1992). Illcorrhizrl fungus host itrtcrrciions hile
bccn colercd ertcnsivcll clscrhcrc (c.g., Hirlc\, and

s,r,,o',r'c 2l)l

snrirh 1983t,ui]lcr inll i\llen 1992) ind Decd not be

repeatecl hcrc. ln sunumrl, tl)c firngus ibv,$s srter in(l
nut enrs fron rhc s.,il 'rnd tnnsfers $en ro fic host
and, in rcturn, rcccLvcs phoroslndrltes in thc lirrni of
, ' o l-. r r.

producc thc cnzvnrcs ncc.lc.l t() crtract cncrg! tlrld

nutricnts fiorn dcid org ic mltter \rithout rccoursc to
svDbnsis Nith plltlt roorlers.

The iclaptitjons lbunLl in orgrnisns as$ciated sith
se.tlrcsrratc tirngi .uc i ilibure to interdcpcDclcrcc arc{

.ocvoLutior. lcrhtrps rhc ulrinritc cxiDrplc is proliclccl b!
o1.1 growth ibrcsts ol Piirccrc in rhe Prcific Norrh\vcst
em Unitcd Shrcs. Thc rrccs rc.}rire ccrinyconltiz,tl
furgi ibr rdcqurtc nrincrrl nutritiin. and nanl ofthosc
fulgi rc sc(tucstr',rtc. The mlcorrhiz:rl Rngi nccrl cncrgv
f(rn the trccs to fiLrir, xnd rhe scqucstmtc fruitirlg
bodics xrc x primtrn, lbod oific northcrn flring squlL

rc|, Ct&bcawy lnhtw I Nlxscr ct il. 1985). Thc s.tujr
rcl, n turn, djspcrscs.hc sporcs rnrl is thc p|imarr ibod
of rhe rordrcn orrcd oivl, \vhich nesrs nr arr{ huuts
tunn thc trccs (C.rrcv l99ll. once rn o\l c.LptLrrcs,r

sc}Lirrcl, jt nar clurl it i consi.lemLrlc distir.c bclbrc
gtrttiDg iii thc cntriils irc lihclv to coDtiin sporcs of
scqucstnrc tingj. h sunrnrarv, thc necs nced rhc iirngl
fi)r tilcir Dutritjc,n. Thc Jirngi rcccl rrccs tin cDcrgy. an.t

thc\, need squilrcls 1br sforc dispc$rl. Thc s.tuinels nccd
.r'd 'r rcc. ri l' r'r 'r. Iu]

()wls nccd s.tuirrcls tbr rhcir nurrir('r, ncl thci ncccl

rrces 1i)r Lresting.urc:l hunting O*ls rlvr scric rs Long

distrDce rcctor of ryoIcs.
Littlc is lno$rr trbort thc rrophic .hincic srics of

.. 1,.-\ \.J' ,nr ./.a
nubig*aLw ltLirs oLt L:tr u crr brolvn cuhical ()ftcd $ood
r '. .c r' \or1\ \))cr' ' r'.,r "r...'r"r .pp,orr
l'r,/,ot rclrtivcs (Siogcr ind snrith 1959) L drp^(h m
dc?rcstn, I'n1tn!:a\lis litd, St.pretwpout spc.ics, t[d
Ii/r/"/o, species truit o tbrest or othcr humus, .s c{o

some spc'cies of thcir rclatcLl, cpigcous gcDcri (c.g..
Asarnas, AlnLia, Liltdtrrcrid, aid SttuPhnt;aJ. L|d0
!a". 1)niJbr"ti! ltuits or d rxrietv of organic {bstritl,
iDclLdir1g hu ]rls, ro(cn 1vood, ancl dcacl basidionnh
ol \'.Lrious $ccics ol the lolvporaccec {lirppc rud
Gerdcmxmr 1979).

SoDre sequcstrrtc liingi iko hive spcciaL caprlrilitics.
Hlstera\lian $ccics rnd a;a?,ti,r"d spccics, 1br

erample, icrm dcrNc nrvcclirl nrxts in fi)rest soii. Thc
nais halc spccilic biogcochcnicel propertics {Grillitlts cL

^1. 
I99I). Rhizapalolt species npicaLlv nducc prolilic

bmnchnrg ol bosr roorlets through produ.tnn rtd
rHn ' d lllt c 'r,l ). lr . r .r. '.\li ,

that thc xiccstr, Srilrrl specics .1o this rs \rclL. Rri:d
p/rr,, spccics ,rLlso hrvc becn slxr\r ro enhiDcc thc sur

1 ..1 .' " gr." r o' ... l'r' , n rr.!d :.t..t -tt .. . ;. I
lbrcst pl txtions (Crsiell,no xD.i Traprrc 1985). TtlEl'
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,r.la"6pafuN p(xluces hcft ic il compoun.ls that rc
ducc {ced compcritioD with rhe 1r)sr tree (lvl(mtecchnli
xrct l-omxgno 1977).

LIMITATIONS To THE STUDY oF
SEQUESTRATE FUNGI

Sc.tucsimrc liDgi are clit-ficuk to stu.l) bccausc nost lruit
hypogeouslv lvhcD thev fiuit itr conipactecl soil with
liitle huDrus, however, thcv ma! rmcrge or at ieast raise

a hump nr the soiL bccarLsc lateraL and rlownrvard crpan
snr is difficuk. Campgrounds, picnic grounds, roacl
s ts, rnd old logging sldd trails or l.Lndings $us rrc
phccs $here sequestratc tungj c:Ln bc ibund easilv nhen
thc! iiuit. Forest soil, h contnst, is gencRlly rot com
pactccl ancl has r laycr ofhrurus ancl forest litter. SeclLes

rratc fungi car c'rpand h ill dirrctions rvithout prov ing
lisuil clucs to their prcsercc.

'lhc holcs lcft b! mrtnils thxt hrvc crcxr:Ltcd scqucs
rrrtc lir €ij crn i ljcrtc drc locrtion .,f r colony bccausc
rhese nurgi common\, prcduce multiplc sporocarps thrr
oftcn mature rt differcnt tnies llildrg in thc vjcinity of
an rmral dig ard ro ibout thc silllc.lcpth olicn $jll
rrvcal rdclitlonrl spcchcns (fig. r0.2). During dre perlt
ofthe tiurtrng scason, this ipproach c.Ln bc particul Lv

producti!c bcc.usc production of scqucstirtc sporocxrps
oltcn crccc.ls thc ibod .lcmands of rcsi.lcrt ini . s. At
drc bcgnmng rnd cnd of thc iiuitxrg scrson, ho\\'crcr,
$hen detnind e-\ccecls suppL!, minJs remo!e a signjfi

caDt porti(xr ofthe Drature specimens (Norrh aD.l Trappc
t994).

Il Europe, dogs are trainecl to filcl coninerciallv vrlr
abLe scquesrratc fungi such as trui-fles A collector lac[nrg
a trainecl dog must rel,r on annral c1igs, lorowledge ofrhe
kinds oihrbitars that rrc product$e. ud chancc ro fiDd
sequestrxte iirngi in firrcsts. lhis poscs spccial problcnN
for inventory ancl moritoing of iirngaL di\ersrr! or of
nrr species (sre "Surveying lkre Spccies," later in $is

Iruitrng of sequestnte firngi rarics bv scason arl
g..g ,p\r. .' . I ' 3rr rJ. . rrr. . (.t.1.r.'. p( r.

r..I-r r u,Irh... .r.. .(pg.-..'l,r ,L r r .p'r
ticular rrcr. !-ruiting sc.rsons of scqucstrat€ species teDd
to bc e;.tended because ofth€ir mosd! hypog€ous habit,
Nhich protects theDr FoDr Fost, heat, ard drought.

ln arras wherc sequestrate ftrgi hrre pronounccd
spring xD.l xuturnn liuiting seisons, the species tiuiring
gcncrrlh difitr bctwecn thc two scasons (Luoma 1988;
Luonx er J. 199rt. At lor clclatiors in the Pxcific
No rl,'.-r Urr(J s, '.\ ror,,.r,,r'L ll,, ,, g . ...
trirre Ascomvcetcs ilre nrore abundrnt in spring than in
autLlnn, and liuiting sequestrxte Bxsi.liomlcctcs are

more abunclant ir aunrmn thal spdng. those li dting
patte.ns nirror thosc of thcir cpigeous rclativcs. Ar
hjgher ele!,rLtiors, in contrxst, rhe se:Lson is confrned ro
i fcw sumner nonths, md thc seasonrl seprrxtion of
liuitmg spccics is ruch lcss distind. ]h:Lt is xlso truc of
arcxs with r singLc r.irr, sc:Lson, such is DrLLch ofAsii and

FIGURE 10,2 ltikinJ. olicn {illr.r'crl srrc.imcns



TAXONOMI DIVERSITI
AND DISTRIBUTION

Sr.NoPSrs oF TAXA

Scqucstrrtc tiurtri occur Ltr l\lo thyle ol drc KDgdom
llumvcotr: thc Zy!!oDyc.,t. (xr thc cl,rss Z),goDrycetes)
ind drc Dikxrlomrcor.r l clesscs Asconv.etcs rnd
ITolob.rsiclirnvcctcsl lrcscrtly recogtrizcd gcrrcra arc
lisrcd jn lilrle 10.1 bv or.lcr aDd hDilv Assignmcnrs o1
'',,c, ro r, . ,tL r' ' ...c' lluT fr..i u\
flaccDrcnts (c.{., Trrfpc 1979j liilich 1981r Crstell!no
et rl. 1989t'liappe iDd CrsrcLtaDo l99l )bcct\usc norc
rccent d.tr 1;oDr addirlor).1 collections or DNA siudics
h,\'c pro\ cd relv insilih$ xrio fhrlogcn). ]n mxn]
'''' 1,. I' r' "'',1 b ,r\ '.r. \ r.-r.ir
bxscd on Dorphokrlrictrl clata al<uc. Sftdics of Lrlrrr
str[crurc rnrl DNA irc prcyjdn]g nelv cvidcncc rher is

hclping to rcsoh.c rriny ol thc uDcerfujrrics, but ihrr

nrnfirrnt! 203

sc,rl has onlv bcgLrn {O'Donncll cr. . 1996J. All r.ro

ancl sonethcs rcjltccl. Somc gcncr] do Dot llt inro,rny
dcscdbcd hnrilv ind .uc lisicd uldcr rhc hca.liDg "Lrnccr
.airl slltias." \Ve rrc .uarc ol menl rldcscribcd gcncrr
rh',rl .rc Dot iDchtdcd iD our compilxr;on

IIERIARIUM CoLLEcTIoNs

'lhe st[dr. ol scc]ucstrrrc fungi bcgaD in Itah', whcre
. r..l r I i , . . . rr o. r. I ' rr I f,..1 ,.,i I

truffles. (lxrlo \rirrr.Liri li83l, 1842) la ihc tirulld.r
tiors iir olr- nrodcrn scneric con.cpts. His collccrions,
rvhich arc horscd.rt rhc l:ioranlcxl lnsiitutc olrhc Ltni
. , " ror,), .. r.'r'l .r. l.., .,-, 1r r

scmual collc.rion of rype spccirrcns {Martirolo 1907).
Orcsrc A,lrrrirolo\ rypcs and oihcr crtcnsnc collccrions
. so are hollscd rhl:r.

Genem 
"nd 

Farilics of Sequesrlarc Fungi nr the Kingdom EuDrrcora! by Ctrss ard Ordd

l),4.r END()C()\r\l.F Erdog.rl!crr F,lrrrr.
()rdd GLOtrl.\LLS (iLl)nircic cl,r,4 s.r,?,rrrr
Oftlcr \'JUCOL{Ll-s: i\4rf .c'.llicere,u,lt.rr'

lh,ahm Dika.yom_\,cot

()&, I:l AlHOtrlI(llll]\Ll-ls Ehph. r.rix..:.: tl"rrrdtr.r
Onicr CiI.AZIELLALIS: (;h/illa..it:: Grtzilrt
Orde.ltZlZAJl:S:As.oLr.l.r.crc,yr.irrrr,Crnrjmr.rh.cic Cr1,,,1.4 H.tv.ilxrer. n ,,ti,. llarsir: Ilnnairtttt: eqtr,

t)dn\r.ia, DnA!\r, H)d"trrtn{, Lnb.)ai tlaJnv!. L\dt tn... prnn6\ ItiltLthL)u, .[:tf.,it, 1,bLr
UN(:FltTAI-\ STAfLrS |^tl|nh: L.rdh\nn: Ptttrir tn\

Ch$ llom)bi\miomy(r.s

'Iri.l,1,lomr..c.re: ii,r,tr,r4r". Padh. ttl,Jtn',. (;iaat!./,1d

' l' r.l lP .l
OrJc. LFIICOGASl tu\l.FSr ]-.\t.a?sttr.ctt: I tt ll"$:t, L,xrlttrbft
Onlc. l,J^_DTNIRI{L|S: Srcnlr rosponccrc: Sr'/r',6lrn
Order Lr(,()PETIDALES Ccs.tr.scr P.r",,r,r!r', ,q,tts.? Meyrp|cLtrx.c:r A,.ttttn!, c,nrrnrn,

Maa !, I lit. ]htL ttnna rtn
(; 

",,"i!t 
h kr. M atni." hi 

",

(;nlara. H\tx,n Jtnrr. Prbraltlq Rbqnqmtr. Illtlllt
Ordc, sCrI-ERODllnNrlr^LES S.leroder1ftrb..:c: lt,niUa. sdnd.a,r S..tcrLr.trt: inaah
Ordcr'l llFlu ELLOGAS I RA I ES: TFmelt.gr{m.r:c tatttt/tqnnu-. ltr,ttthnrt.r
U)lCLRri\rN ST.\TUS: irr,,tnll'. H!tuatnrtr. Mwntt{. It\kt"tjia.n. sth ttf /. Snnhn)aant
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Other importrnt ninctccnth ard cadr nYentieth

.eDtury piorcers iD thc stud\, of sequestrtc fungi and

the herb.ria (AppcDdi\ III) thxt presentlv conriiD rheir
collections inclucle the blodrcls L. IL. xnd C. TulxsDe,
(lNptogxmic lvluselrm oI Prds (Pirts, Flancc); M. J

Berkclcl, C. E. Broomc, i{. (1. Cookc, and (i. Massee,

ILo\,.I Botxni. Gardcns (Kerv, Unitcd Kngdon); 
^\.Prto ilL:rrd rnd lr. Bucholtz. Frrlow Hcrbrriun, Han'ar.l

U 'ersin (Cinbidge, lvllssichusetts, Unircd Sraies);
R. Hessc, Unile$itv of MrrLNrg (Mxrbu$, Gcnnen!);
L. Holl6s, HuDgxrirrl Nitlrml History tr'llrselirn
(Budrpcsr, I'lungar!); H. \\l Harkncss rnd C G Llovd,
Nrtional Furgus Collcc nN (Bcltslille, Mar!LLnd,
Lhitcd Stares); xnd L. Rodwry, Tasmrlrien lvlus€ m
(Hoblii. Atrstnlii). Unfbrfl rateh! drc Af-ricaD md
\rest Asirn tvpes xrd othcr collections 01 dcscrr truffl€s
of A. Chxth hav€ bccn lost (11. Hcim, peLson:Ll

N{arv nrt'cologicrl hcrbrrir hare x itN collectiot$ ,]1'

scqucsrrate RrLrgi. b(rt tlre most inportrnt mid to latc
n\cnrierh century collectors ard thc loctrtDs of thcir
collccrions arc as lblloss (see Holmgren ct al 1990;
Appcndi{ III):

Europc M. Soehncr, Boranisches StaatssaninLung,
N,ILrnich (lvl);A. Krapp in.lE. Honk. EidgeDi)ssjschc

Tcchnische Hochschulc Zr:i .h, Zudch (ZT); C. rnd
L. R. Tul.src, Lrbomtoire dc Cn?roginie, hris
(lC); 1,1. G. l{alcugon rnd L Riousser, Institut dc

Botaniqlre, MonQcllicr, France (MPU); M. Langc,
Botanicxl lvluselrn1, UniveBir! ofCopcr$igen ((i); L.
Kcrs. Bcrgius Iourdrrion, sro.Lrholm (SBT)

North Anledc. S. i\'1. Zcller. Ncs' York Botanicxl
Gidcn, The Bronx (NY); R. Thixter, FxrLow

Herbrrnrm, Harv.rrd Universrtv, C,rmhidge (fH); H.
E. hn.s, U, 'ersiLt' olCalifomix at Bcrkelev (UC); A.
H. Snrith and R. D. Fogel, U versitv ol lvtichigrn
(NlICLl); M. A. Casrcllero, l. !\l Gcrdemrnr, H
Gill(cl', D. Llroma. rnd .1. M. l.rappc, Oregon Statc

UniYcsio (OSC); H. Savltr and H. D. Thie$, San

FraDcisco Sutc Uni\.crsi+ (SFSU); l. S. Strres, Deavcr
Herb:rrium, Northern tuizom Universif,', Fhgstrtl
IASC); D. R. Hosfbrd, Certral washingtoLr Univcr
sln, Ellensburg (ELRG)

Australisii-I. W Cribb, Depirtmcnt of Plant ltdus
rrics. Indooroopil\,, Qucensland (BRII); I. Clel rd
rncl I. llkrcup, Strtc llcrbaium of Sourh Austnli.,
Adehiclc (AD); C. BcaoD ar.:l l-. Lcbcl, Roval Botxnic
Crrdens, Mcibor.rrne, Australil (MEL); N. Boughcr
aod N. Nlalxiczuk, C.S.l.lt.O. DivisjoD of lioresff,\',

\4rcmblc\,, PerLh; L. Rodwal, 'ftsm.nian Herbaiurn,
Unnerriq of Txsmrnii, Hobart {HO); G. H.
Cunninghan and R Beever, L.nclcare Reseirch,
Auckland (PDD)

LIVE CUTTURE COLLECTIONS

Some sc.tl,esrrrtc nrigi (c g , Rhizopason species) groiv

rcayrnablv rvcll in culturc ird are casy to isolatc. tr{os!

sLrch fungi, hon crcr, grn' poodl or not at rll in culture
mcdir tricd so fer. Tlis is perticuli v tlLrc ol dre

\,.rn\,.rr.Z'".r'.-r,. r d""'dLJo \. ".i'
rhe Russuhccre aDcl Cortrnirirccae. The saprobic species

prcbabl1 c:rn be .ultlLred rith grearcr succcss thrn
nrvcouhiz:Ll spccies, jL ghg liom rhe fe$' atrctlPts
ivith which r.c rrc f-amiLiar. \Vc are aware of onl-v two
culturc collcctions rhxt irclLrdc sererel to mmy tara of
scqlrestrxtc lingi: drat ofthc U S. Forcst Ser{icc, Prcific

North'vest Resexrch Strtion rnd that of C.S.I.RO.
Divisioi oflorestry (Appendix ITI). klentit\. ofrDI cul'

iltres not rcprcscnted b! rouchcr collectio$ in hcrbarix
s!rcLrld be rcgarded as questiouable becxusc r siden!in-
citi(xr ofspccics is contnor duc t(r lecli ofgood kevs for

PATTERNS OT. SPECIES RICHNBSS
AND ENDEMISM

I,Iuch of tcmperate Europc, vestem 
^-orth 

Amcica,
New Ze.Lhnd, temperrtc xnd tropicxl Austmlir, d dre

.lcserts of Norrh Africa md rvcstcrn Asia haYe been

eranlnled cxrcDsively for scclucstrere furgi, . though
lerge areas md manv hebiirt tlpcs in xll thesc plxccs are,

rs vet,largely Lrnc\florcd. lhc rcst ofthe \vodd rcm rs

unexplored or only scanrilv explorcd.
Species richness is geDerilLv grcatesi :1t subtloPical i.)

nridclLe lititudcs in ectorr\corAizal forests. ln L\c Norrh-
em Henisphcre, riclmess dcclires lion Drjddlc Larirudes

north\rird into the boreil lorcst rncl hrdr€r norrh. The

onlv ertuivalcnt fbrests h the Southern HernisPhcre, in

Sorth Arredca rnd New Zcal.rnd, rre not \teLl cnough
crpkrrcd to drarv concLusions corccrniDg iLre existcrce ol
similar gradicnts. Sequestmte spccies .i.lDcss xpPclr5 to

be greiter in North America and Australia tban in
Eruop€, drc slme as for €ctomvcorrhizal hosts. I1r Norih
ADeica ind Australix, thc predomnrncc ol north

souih oientcd mountain rangcs Pennitted fLurgrl xnd

host-speci€s mignrnDs in response ro climxtc c|lnges
durnrg thc Ice Ages. ln Europc thc pr€dominintly
cxst-{,est olicr.atioD of m:rjor mountain rangcs nlpeded
species mignrions, a factor of parric[ler irnpoltrnce to

i,ngi depcodins on anim:r1s ibr spore cllspenrl.
Drr lcJ d.rr.r pe.L..1c rc' l. lJb;r'.r rrc I

available. but our silldies in wcsrcrn North,{nlclica and

Ausrralia, togcdler with studics of colLections fion
F,n.ope, suSie;cst some gener iries. ?rescDce oI cctom\''
corrhizal host plents is associarcd stro[gly rvith rclatNe



richrcss !c.iust mrD! seqLrcstrrtc liurgi irc spccilic to
'.h l '- , . 1.

rcgion rlso .ortriblLics ro ich css. l,Ioisr tbrcsrs rppcir
ro srDport grcrrcr dchncss rh.tli cirhcr dr! or !cr\ Nct
lor.sts 'lbc l'!,rl.tsu!td torcsts of rhc Picilic slopr of
rvcsrcm North Amcrici sufpor.L .r \cr\' rich s.! csrrrtc
nrlcotr, rs do rhc El!.dhl)ht! fbrcsts ol ctrsrcrn
Ausrralir lt.irncss is rcdlrc.d cor)s cnbly in riir tbrcsts
or srrongh xcnc fircsts ir borh rcgrus.

Sr.rd rgc aD(l hisiorv probrbh'nflucncc scclucstrarc
sfccics richlcss. Sclcml srLrdi.s of cctonncorrhiz.l
rlr" . . rl
inchklc sr..d igc is. rui.rbl., bur. so f:r, no gc,r.nl
.onclusrrrs c.,rlr bc dra\ D. I,hnI Drorc thin 100 sc(tucs
tric stcclcs rrc as(rcirrcd $irh n)ftru.c n) old gro\th
tarcsrs if thc |r.ifi. Noirh\.csrcrn Unitcd Srircs iLISDA
forcsr Sc^icc ancl USDI R!rcru ofLind llirigcricrr

Endcnrisfr is .omnnm lDong rhc sc.tucsrnrc ti gi,
in tal'r bcciusc of hosi steciticiLv l,nres, Douglirs fir,
rprucc, llLrc lirs. orl$, ll.xllpllrs, .urd othcr ccromlc
''I 'll'.1)..r r rar.I,..rc|'r'-
noi liuir in rssociltn)n Iirh orhcr hosi gcrcri. If r(]di
ii(r, rhe dcpcndencc oa seqLrcstl]tt liDgi on .ninrls
'....t.1, r , r r ' . , i , rn . , 

. . . | . I

L"'I l..rr r'. .1 .. ,,',,ru
rn'.|.,i . .' ' ,, |i , u, .\ '..,.r':.
nxu^r h!b; 1 rcquircnrcnrs, xnd ij itcd dispcrsil mrr

I- 1 _ rr"
oloigir tbr crtcDdcd fcriods

Sclncsr',rtc t.n kn(^$ onh liom thc rrpc or tionr i
tir collecii.nrs ir) r limircLl rrcir rrc lrfirrc.l ro bc 1.,.r lv
, r"r i...,.tr.tr.., t....., rr.rrtr..,r...

r-, ,1.,,. . I 'rr., \,,j,i, .t{. j u r
tarx noN irlirrcd to bc k)cxlly c|dcDrc suhse.tuc.d\
mr! p(\'c othcr\risc. For cr,rurplc, ricn thc
Asconrycetc Ca:/r /':d,J,rr s,rs dcscribcd iTr.rppc
1989), ir \'.rs horrn onl\' lion thc $pc collc.rion in
arih\csr Orceon. lt lircr \',rs fbuncl ltokm lo dr(
rorth, .rnd rccurtlv it hrs bccn collcctccl in soUthcrn
Caliknria, I500 Liln n) rhc so!th Altholrgh srill
regrrdcd rs nrc, this specics no lonscr crn bc rcgrdcd

. SLIRVEY AND INVENTORY

GI,oBAI- ASSESS'IENT

Scqucsrrtc lirDgus connrnrirics hr\c nor bccn rsscsscd
adcqurrcll in .ur\ lirgc gcollruplic rcgnn. lr is o li n
drc lisr 20 vclrs thit s nd lcrcl jsscssmenrs hrlc bccn
.on.ltr.rcd llr rcsnictcd rrcis ol tlrcgon, $'ishirijron.
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ird nc,rthcrn (:lifinrir (srudits b! R Fog.l, c Hlrrr,
D. L. Luonr. l SDlth, W (ingin IIT, X,l. North, xrd
I W,rtcrs). Tnppc rnd Cisrclluo lpcrsonrl .onnnuni
crdo,rl jD.olhboririo| \\ith N. r\hlxj.7Uk, 1\-. Bongher,
T. I-cbcl, l'. ltc.ldcll, .lrrd -\ (llxrdl!!c rc..rth h.nc
ril.. .r\'\i. 1^ Lrrg i|-.., . .
,. .t ..r' r',,.\ .r \..,, ',, ,,,.',,..,
scqncsLritc filrgi. Thc lot!Dc oi mxrcritrl .ollcctcd in
tcNcr dr.rn .l{10 pcKrn d.\!s oi.ollccring \.rs isronish
ing: 7500 collcctions rct)rcscDtiDq rllroriDrtch 600
',.,. oL, .. l. .. |.*.i.. .,,ll,. .

ncirh$ s!sr.niti. nor iI]tcnsilcl ndr$, brcid Lriscd
suNrIs \\cfc conLlu.rcd iffc,ss lirgc tr.rcrs o1 l.rn(l !r just
r tcv tiuiting pc )ds.

MINIj\'IUM RTSoURCES RnQUIRTD

Nor cfo'gh srstcmeric brsclinc nlirurrrrn hrs bccn
coll.crcd to ill!^! rLrDb$s ,)I spccics io L)c fbund in
"tltic.rl" tcr))pcritc oi rropicrl lirrcsts ro bc csrirn.rcd
i.clrritch'. hr gencnl. h(N crcr, it rppcers dr.rr rhc tlilcr
siry ol scqucstntc tin:li incr..rscs Nirh nrc drcrsrt! oi

''..,.i'r.,...1.r
ropogrrph\.

A crcN ol six rincd pcrs.lxrcl car snrrcl rbour t0

crerv 2 3 \'ccks duiinil rhc liuitDg scNrrlsi. S!r\cvs
nuld bc .ondu.rc.l tor I nrmimum ol 3 rci,a. aD.l

trctcrrbly 5 \'cr$. ro ifcr..rsc thc dcrccriof oI rirc d
inticquc|rl! iLriting spccics. lhrcc ro lour d.vs of
l.rboritor! $orlt u. rclui.cd ii, ci.h diy.,l liclc|\orh.

SA,MPT,ING AcRoss SPACE AND Trllr,j

N{osi lorcsts .onriin dllcrsc ni.rrhrbil.ns. !\cn ir
'tnilbrrn" plintrinrrs. rhc uricroropogftphr r.rrics rith
locrlizcd Nct or drl soll condittDs. Dlsrriburur ol
qrx l Llcbris is also rrrirblr .u1d .iD bc p .h\,, bu cd,
or cxposcd Somc sc.}rcsrrilc lirngi coDrnronl! .uc isn)
ciltcd Nirh or tauDd in hLLcn \qi (c.g., Rrli,J'ra
spc.les. Hrdtut\a td lJrtltLi!). tlrc prrchjncss of
ground c.,\cr ind shrub rrd hcrb laicrs crr drnraricaiI
. .., I' I ' r. .. . . '..' ',.,,,'-,hcei-t eround clitii.ulr n) scrrch tar
Rugil spccnrcns hccrusc i irrg oui flors ls ditn.ulr Md

. i..,ru .. \,,t r...r ..n..rt ,,.I.
txDt cllicL on $rrcr rcl.rd.ns rn(l rcDtcrifirrc. ln thc
l'rcific Nordl\cst thircd Sr.Ltcs, stccf. sourh i:ciIs
slopcs tcnd t() bc the (lricsr..urcl nolth trring. scDt]c
dopcs rrc thc scftcsr Alt dlcsc liriiblcs musr bc
rcconftcd lbr \tcr rlcsigni g surpling proccdrrcs firr
clch s,rn4tnr{I obic.ri!c.
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VoucHER S?ECrMENS, CoLLECTTNG
PRo:T.oCoLS, AND PERMITS

somc spccics arc spccjally protcctcd xt the bcel, siate,
or ficlcral levcl xrd cm bc colLccteLl onlv if euthorizecl
undcr sciertific coiLccting prnnits. Local iuihoities

','....1 , ..r' lrJ, irIc.. -r ir\ r'i \.! .,r p. ,,,,.
Dcc.lcd. CollcdLrg (r1'solrrc sfecies (e.g., nr,rse.luestrate
palyparc Oalpal ! abiLltsiru.ti) is not peNitte.l,
in.l photogr.Lphs, . ong \iith dcililecl kralin ard
mn roh.bitrr irlir.mrrion. should be Lrsed is a record of

whcn pcrnitLcd, \,oncher specimens nusr bc collected
to documcnt spccies occurrencc. The specmens should
bc mnot.tcd i\ith ippropri:lie infiruatrn (see ncrt
prragrxph) .nd thcn scnt io:r recogrizccl hcrbarrur
ftr lorg tcrn storJgc. E\cept in the casc ofnultiplc col
lcctjons ot'crrcnrcl) coDnrcn species fron the samc

locJitv irl r rlrrrow rine fhne, all specimens should be

kcpt. Lal-gc collccrions of conmon species do not
providc inv rdditnnll htirmatioLr, pxrticulrrly 1br a

locitio tbat has been collectecl preKlrslv A single rcp
rcscntrtivc ofcrch oathe conun species per collecting

I., od i .dctuJ," p r L( o.. r m(
\4u.r r.r-r .Lr '.u mon.pe.,
shoLrLd bc hin,esre.i cerelirllv and sclt to an hcrbarium;
such spccimens mrl. proricle eddition.L norphological
i orui r .,.r ..r.. L..r. . r, - .pr.- r i^orr
plctclv kroNn txxr.

Ttrc datc, spec;fic locrii( , collector, habitxt, notes on
drc phnr conrmlniq, aDcl tEDsicrt rridbutes that mr_v

bc usclirl fbr idcntillciti(rr shouLd be noted on the
spccLDcn bbel. Llxbirit chanctedstics, particularlv thc
prcscncc oi rhe lerge rvoocly plirts, xre inportxnt flrr
dcrcrnrining rhe ecolog\ ofthe furgi. lt1 :rddition, idcr)
''r,,,,r. .. lc.. . '.. .<,1..'r.r( Lrgr ro.l.J..r
rcquircs infbrnrrtiolr on fresh coLos Dd odors, sLlbsc

qrcnt color rRer erposue and harclling (aftcr r0 20
friNr.cs xn.l igrin ifier 2 3 hours or the ne\t .hv aftcr
storrgc in x retligenior), coior aRer.Lrying, rnd cxLrda

rion oflerex fionr or color changes ofthe cut surl'acc of
, spccinren. Note 

'vhether 
thc sp€cimcns wcrc ibund on

rhe soil sru fice, cDrergert, or complctc\' hypogcous.
Spccinrcns rre best [ept in s,arecl plFer s rdnich bags

undcr cool conditiims until processed Plastic \\'np rnd
closecl "iirtighr" containers should nevcr bc !scd
bcceusc rhey lced to enaerobic conditions thrt stimulatc

;n{\ ',,1 .,1, r1... -r ., , J or\L rncro..g.r).,.
thrr qlrickl\' ca[ rlegrade Lhe cordirion oi the

Erch sporoci+r shoulcl be cut ft least in hrlf to
promorc drvirg; large specnlens (>3 cm nI dirnctcr)
sholrld be cur iD sevenL vertical sl:Lbs 15 mm thich. Mrnv

spccics h.rvc hrrd, somcvhit imtcrmexble peridix rher

do not dlo\ thc spccincns ro clrl xpprotrixtel\r I. otlrer
species, thc sporocrrp drics ro ihc hxrdness ofbone ard
.Lisintcgr,rtcs nhcn b.okcn opcn fbr lcces to the con-

hincd sporcs. A cross sccrion crt .xD rexdilv be rehy-

dratcd with sircr or KOH (porissilnl hrdrcxide) and

scctioncd $'ith i rrzor bhde. lvlinv specics rescnblc one

.nodrcr on thc surhcc blr diirir strikirgly in the irte-
ror. l ' ....r). ; ' r, i. r,. . '. \t.. , ,'t '-i'," 1.

thc chrncc o1'inclu(ling rnorc rhrn one species in asingle

collcction. \lrcl] clrieLl specimens irc much easieL to quk
widr rha thosc prcscrved in liquicl. Specimens should be

dcscribcd ind rhen driccl as soon .s possiblc, prcferablv
Nithin I Lldy. Spccimens of some spccics, ifcoLLected in
pdmc condition, hindled properl1, and stored corrcctJy,

can bc L(cpr lbr up ro 5 davs belirre rlrving. (hce begu,
dctcrioiatior) procccds rapidh,, inrl thcn much of r
spccjmcnt vilue t;r lxrcr stuLl_v is lost.

Rrpid drving ar relrrtrclv ldv tcnperrtures is the mxt
succcsstul nrcthod tir preserving scqLLestrate iirngi. A
fbod drvcr set:1t approrhrtcl; 30'(i rorLrs *cll Good

air circularior is criticil. Spc.inlcrls car d€tcriorate

9..[ s r '...1.r-'.']\1" 'ar .F .i
available. specimens sho[ld be thnrly sliced (t2 mm

tbick) and plxccd in e scelcd, an tight coni.iDer *itl
preclried silici gcl. (ierc shoulcl be tehcn to prck the

spccimens closelv in rhe silica ge1. Spcchcns should not

tolrch erch orher withiD the contanrcr. Air spacc $,ithin

dre conriincr shoulcl be kept to r mirinum to ensue

drc cftcctivcncss olrhis mcrho.l. No nore than one col

icctjon should bc pllt in :l contrincr becausc, r4rcn dLied,

spccies oficn can be dificllk to sepxrate oD the basis ol
Dacroscopic chrrxcrers. (he to $ro r1a1s uill r1r! speci

ncns sulficientlv ifthc lolurc oi silica geL is rdecluate.

SpecimeDs dried Lry silice gel sirould b€ traisfcrrcd to a

r, r,. ,l ' . r .lr irr t .pp-rt . to

crsure thrt thcv drr completely.
I i 'bel i .r..rl... i ipr ,.\,. p(.r.r'i\J,

be strurg rogethcr ivith rvarecl clcrtal floss a r lrrge
necdle encl suspcrclecl ovcr a canpfirc. AlftnxtileL]',
lightrveight iames coverecl with a fine alummon mesh

scrcen can be usecl. Thc scrcens crn bc suspcndcd ovcr
rhe campfire (, cxposcd to a sterd!, but not forccfuL,

brecze. ln cither case, the thm slices should be sprccd to
illorv iir to movc x(mr.l thelr, ard thcir hcight lbove
rhe heit should be rdjusrcd to prc\clt cooliing \1fiile

.lrying.

LT/E CULTURES

lve direct dre.eaclcr ro Mohr and |rhcr (1982),
Snridr and collersucs (1994), ard Chipter 3 for r con



pLchcnsrlc protocolfir isol,rion ,rnd mrjntcnincc oiln.c
nrngd cultues ol borh mushroonrs ud scqucstnrc
lirngi. lsol.ttrnr oi voung sporoclrys js rDost mc.cssfill.
Thc spc.nncns tion \4rich isol.Jlcs trrc.,br]xrcd plus
inJorrc spccjneDs ir)nr rhc sinrc colLc.ti.,l shoul.l scr\c
rs louchcrs lbr confirmati(D ofrhc spccics idcntit! at !

ABLTNDANCE AND DI\,TRSITY MEASURLS

Relatile IDportancc ind Abun<1ance

Spotr)cxrf rbu..hncc oftcn is .tu rificd ro pro\iclc l
T...r',. lrr r....r rl..,. |.r
ecoslstcnr Sporocary brniss is r ,lirccL o)c.rsurc of'
iDpornncc \\hc .onsidcrirg st)oroc.tps rs i foocl
strucc tor anlr).rLs (Iogcl and Tmpfc 19781 .,r rhc rli
xti. ir indn'idutrl spccicJ prcsencc on nNcofrhjzrc m
ditlircnr srirds (Lucura ct al. 19971, rnLl iL h,rs bccr
slnNir ro !rry \1ithiI strc.ics across nroisrurc grldicnts
(Luonra 19,33). Thc \iLlu( of sP(nlex,t biomirss .rs iLn

itu1e\ i(, lclcls o1 .c.,l.,gi.al and/r,r physdogj.. func
trnng ol rhc ,n\'ccLial "Lroclv' of r tinsus, hoNcycr,
onlr, cxn bc irlirrcd or rssuncd. Thc inflncfcc .,fsporo
carp sizr on such r rrhbLcs .s ci-ii.icn.\'olrLrrricrr uprJrc
r'. J '.'o.r,p.r. rl n,ir('.,|.

l.'.r.,'rl,
stncnue rs dercn]lirrcd Lrr sporocup bi()nrrss rD not
r.. r' i ,,r. l' '.|r Lrr r

olect<,n,r'corrhlzrc j thc siDrc srrnd (crrdcs trod Bru$
1996).

Tht use ol nunbcrs of sporocirfs is i mclnrrc of
impoftxnce is lcss (lcsjrrblc bccausc r.ioss ill spccics, drc
nunber olsporocrrys lbr .llr indnidrLil stccics in r plor
is poorlr. eorrclrtcd Nidr t.,trL spor)crrf rlrr $righL ij]
drxi fl(,r (Luonr,r cL rl. l99li. Spccits tic! cn.r', or
prcseDcc in plors or studs, proiides rnorher Dcclunlsur
for nrtefprcting bionr,rss yt\Lucs rn.1 inrforr.rnce tr|d .Ir
scNe.rs x mcisurc ol "co moDDcss " t-or e\inrplc, ligh
fie.tLrcn.\'otliK r dillcrcnt pcrspcctile r)n the torcnLirl
"inportin.e" ofr spccics th.rt lN rehiilcl! lcss "iDpor
tmt" bi(nnrss lillres lbr tr pirtj.ulir scr!)n or hrbirrL
(Luonr ct r1. 1991). Lr st'rdjcs of \.$clthr plirr coDr
mnDitics, t_rcqLrcnc\' LrrditionrLlv errluatcs the rcg!hrit!

.r" .1' r : "' '.t
lironn)gencin) rnd h',rs bccr intcryrcrc.i \idr crtllbtr
b., r'.,i I 1.. ,o.,-. r.,r
st cturc silr)ngh' illicr rcsuLts ((ian rnrl dc tirsrro
Olncri l9:9; (iricg Srrith 1983). liequcncl Drv bc
used as i nreNrrc ol .blldrncc t(r .oD!c\.inrpor-i.rocc
b\prcsencc or rbscncc rt thc stand lelcl or b! plor\\'iLhin
sta!.ls. A consrnint oo thc usc oi ie.tlrcirc! in srudlcs
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ol l rg.tt spuocrrps is rh,r spccics thrt iluir predonri
Ir,rnth jD spm!! or flll .rrc rcsLi-ictcd to i_cncr potcntirl
s rdcs ioD a haLriirr hrsis) thr) spccics iiuitirlg iD bonl

Ntcthodol(,gics uscd in ycllcltrLi.!r surrcts lre Dor
xdcqr.tc l.,r limgrl sturcvs bcc sc ol thc rccd lirr
rcpcrtcd srmplirg ol olicn cn tric pop!hrions. Sporo
crrps ol scrlucstrarc fungi lxry in ibundilncc .nd size. A
m.jor dilllcult\ wirh LrsiD!! sporocarF to dcrcDinc
prcscn.c c,r ulporrincc r)fsllch lirrgi is dr. lack of.liti
on rhc corclrtioDs (ifan\'t bcN.ccn rhc sLZc and c\rcnt
of rhc rh',rlLus rDd rhc nunrbcr or blomirss c,fsporocarps.
Som. lungrl spccics mi\ hrvc r rchrilch Lrrgc thillLrs
but prorlucc liu s;rorocrrps; oihcr stccics h.\'c I rcli
tn.cly sDrll thrLlus but procirLce mrn\' sporoc.ups Sonc
spccics producc sporocrrys irrcglrlifl or infrcclucnth.,
.. 'd . ol ,l.l., .(. \i ,q L,, . .r!

i..s., Itnldlt!tutr et.hdli;, H. Lrridatu. nrd H a ns
iihn.LiJ) lbtri clusrcrs oi nuncjrtrLs, snrrll sporocaps;
r)thcB (c.!r., Gnrtii.ia ntontidnt l]xm chLsrcls ol l.rcc
sporoclrfsi rnd s(ill othcr spccies (c.9., somc Trrf
sfecics rnd m.ml sequcsrrrtc Rus$lrccrcl prod!.c
solitlr\', dispcrscd sporocarys Usir!r sporocury L,nxnr$
is rhc solc lr.li..rtor of rLoninrnce is .lcirh rcnuous.
\;diition in sp.,rocilp production crn scrlc. ho\c!cr,
.'i,r.'-nr.uhII,i

tal condirions. LuoD)r il9u8) faur.l rhrl scqucs
tritc comDrtrniq slructurc, .s asscsscd bl sporoc p
bnrmrss, chrngcd in ,rccorciancc s'ith a rcgcntior/mols

If sporocrrp bio r.rss cstinites rrc conrbincd qjth
specics llcqucrcr' drtr, conparisoDs Lrcnvccn spcclcs.url
comnrLUrirics rhco rrc app(+rriate. Ltronrr rnd ..,1
lc.gues (1997) lbund .r psitn'c co[chrion bc$!c.
tporocrrp brrnress rfd mYcorrhize icquencr' fbr sollrc
cpigcous (e.9., Latlali ! rllbrila.tar) ind scLtncsrrrLc
(c.9., HF'di\ihm .)l.ia..t"n. LdleTinl rlbtlttlL!,
aD.l Ttt"tt|.oht/,t i ritr,?,) Dr\'.r)rrhizrl spcclcs. l.
Brlns (pcNonrl corlnnunicaturj. howcrcr, firnrd litrlr
co[ehti(n bcnrcc. bior)nss ind Dr\'corrhiz.r fi'c!rLcnc\
tar sercrl othcr hrngil spc.ics.

S$eral i cstigerors nr drc I'rcrfic NorrhNesrcrf
Unitcd Strtcs hrvc rsscsscd thc conlnrsiri(n ol
scqucsnrre-irngus corlnnuritics quinritrti\el\' (Fogcl
1976r Fogcl .rnLl TJUnL 1979; Hunr and Trappc 19871
Luonrr l9lt8. l99l;LrLo|r.\ ct tlL I991, 1996x, l996bl
\r, ,,. t,o,r \l \ r" r.r..,,, 'r r..ri ,.

D. L. LtroDr,l, unplrblishcd Ll.rtr). Clar ge uct essocirrcs

11993j did likewise for sorrc h.rbitrts h solrihcisrcm
Australi.. lirgcl 11976) nxs thc fibt io isscss rhc
.onnnunit\ srrucrurc ol scqucstr.rc tiurgi in 50 I fr:
qui.lrats. srmplcd .rcr\' rn.,nth iar 3 I crrs. Fogcl {l931 )
rc\.ie\vc.l techniqres lbr .t!,lntiEcitrlr ol scqucsrfutc
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firngi rnd cotrelated sporoc.up produciit'r 
'vidr 

tctrPer
atrtr€ xnd moistlre.

lbgt and askrciates 11981) rcpoftecl on hvpogcous
sporocary bionlass productiou in tlvo Abi.! nnabilis
stands. Erch srand $as srrlPLcd once r month Ibr 6

nontl)s using 12 randomLv chosen 4 n':c1u:rclranrs to
yicLd n roral sanpled arca ol28ll nf. Luom.r ancl col'
lergucs (1991) compxred sporocarp Lri(nnass vrlucs rionr
r nngc ol totil sample :rrcas: 5900, 2t100, 1400, 800.
tnJ :00 ' . r".c. r\.'r r .l . rrr1 l<

drc likclihood oiover€stimrting sporocary biomrss ai the
strrd lcvcl. They concLuclccl rhar $hen us g djsPciled
4 mr plots, the srmplc is nor adeqlrrre until thc srnrple
arca rorals be$reer 800 rnd 1400 n:. \bgt inci issoci
atcs et al. (1992) reicwcd sporocarp productioll studies,
includrDg rln,se ofs€lLucsuate ecies. Ad€qu.tc replice-
tion arLl simpling irtcnsirv rre ke,vs for strtistic, l,v soNrd
qurntiritive comprisons (Striiord r985).

Fungai sporocarps arc relarilely .lustered lFoe;cl 1976,
1981; Siates 1985). Thcretbre, ivhen quadr,nts i:11 nl
localizecl biom:rss conccntratirDs. sftLrd lcvel bn'riess
may be overestimatcd. tlse of a relatrvely smrll nrunbcr
(u,j.h respe.t io thc sclccrcd stin.l arca) ofraudo'r flots
mav eraggerate this o\crcstinlxrnD becausc ot tl)c c*icts
ofsanrple clustering. ,{11 rlternetive to the impracticibl-v
large numbcr ofrrndomh distribuied plots ncccss,r"v fi)r
adcquate sampling is $e sysrcmatic placcmcnt ol fi*'er
plots, ivhich will rcducc the coilcrlcncc ol plots widl
localize.l .oncentnrioDs of biinass atd rcducc the ten
dcnq ro olerestimatc prcductnnr (Luo]na ct il. 1991).

Nonrandom sequcstr:rtc tungus clisnibution at thc plot
lcvel is determined bv the gregiri(rs to cxespitosc sporc_

carp firrmerion thxt trany sfecies exhibit (Fogel 1976;
Arcrr 1987). lhc mrcclial col<n1 r'iiL occupv roots
r.d soil i[ i discrctc irea oflirrest floor, ancl sporocitp
t-onnatidr is rcstrictcd to drar rrex ['ith dlc go'dl of
rdequare mycelial biorrrass. a single cc,lony can pro.luce
severel to Dan_v sporocrrps (Dehlberg ard Stcnljd 199'l).
Ilhierlr.hic scaLes ol c]trstering ],ere to bc dctccted, theD

e{plemtor! h,lpothcses could be .lclclopcc] rnd teste.l.

One h\,pothesis to be ftsrcd is thrt oLdcr srinds ma!
erhibit a grertcr iDcidencc of cLustercd sporocarp pro
ductior as conparcd to yourger stands. Alr older stard
has had nore tilrrc for colonies of difl'crcnr clusrer

o- ,s .p(.,( t"Lrl' <J rnd . ' " r't
i greater numbcr of hosr tree species. Grcrrer host
species richrcss rvill Lncreise the rumber ofhost specinc

seqtrcstrat€ spccics prcsc!(I,ttnha et al. 1994).

Species Richness

Richness is thc t.,trl number of spccics coLrrrcd in the
r rit ofassessmcnt, be ir e subsemple, plc,t, cxpcrimental
Lnit, strnd, or highcr lelcl I'rnclscape segmcnt. A spccies

area curvc {Cain rd dc Casrro Olivetra 1959) com

monlv is uscd to examinc adcquacy of sampling 1br

'p r re. r ,:l rc. D." r'-r i) or ' c'r ' r lrrr-. . p.
r.l lrlfn l. .r. $lLrll:.'l,c 'rrrl-I Fc'cr.(..
Dot ob\,ious. Hunr aDd l'nppc (1987) poDtcd out thrt
doc!mcnrin:! all spcci€s oI scqrestEtc ect.,nycorrlizrl
fuDgi in i tincst stxnd rcqLrircs collcctrng ovcr sclcral

l,crn. Alier 32 nonths of collecting ovcr a totrl simple
.re:L oI 1536 mr, rheir spccjcs rrei curle still hird roi
staLrilizcd.

Lvcrl Nhen sporoc ps arc srnrpled olcr sevtr. vcrrs,

mlcorrhizel species ichncss mrv be greatl\'undcrcsti
mrtcd. Duing ihrec spirrg rnd t1\0 autumn scasors,

Luomr rnd.olleagucs (1996r) folnd 43 scquesirete

spccics and ebout 100 spccics ofectomvcotrhizaL nusll
roonN tionr s$trocary prodLrctioD plors th:Lt colcrcd a

totxl .rca of 27.000 rr:. Lr marked .ontrast, 192 ccto

rnvcoffhiz,l norpholosic,rl qpcs (frn 189 soil cores in

drc s.rmc srudy arca) \'crc lbllnd ur.lcra tot,rLL soilsuriace
c:r ofonll'0.45 rrr: (Ebcrbirt et el. I996; L'lorna et al.

loa- ,,r.r,\.- l-.,',1 rrror'rrJ g...l ryp.ng."o ..
\!hrt suble.rirc and is quite labor mtcnsi\,c, ivhich
prolibirs irs s,idespread Lrse far rapid asscssmcnt of
conxlLrniqr conposition. Unril vruchcr colicctioff ol
molphological r!pcs arc rnalyTed ilirLr riole.'lhr iook
to conjirm specics or gcncric identiries, morPhologicrl
ttping remxins nrconclusive,nd caDnot bc comprred
casiiv bct\1ecD comnlunirics. UDtil noleculrr tcchniques

bccome in.oryoratcd rcurinclv inio field st dics, sPoro'

carps l\'ill coDtnruc t.r pro\idc the nxrst commot rndex

or lquc r r ^r. <' r,lIc.. i 
"' 

t rtc-

IN\TNToRY, SURVE! AND MONITORTNG

Defirlitions

Wc dcnne nnentory,rs cataloghg or Listing olindnidu
rls on h.n.l, such ns ctxDt specnlens irt hcrbxrir. UIe

rlc6nc survcl as thc clcterDiniiitD or dclincation oldrc
extent of ncLiridurL species at any onc locarion. Mo
roring is deturcd as ihe obserlatior ofcxtanr illdividu.l
poplrlatidrs throulih time. A.lapnvc moriioring/sllryc,!
II , . .. Llo$i.s r" dr . ".rl,r' -\' pl n. (.\c .dcrrrt, oo.rrl.rior'-..rr.

using intensile srmpLing procedurcs, such as sirip plots

or plois iD conccntric circles ccntered nound r knosr

Sdrpling lrotocols

Protocol implcmcrtition should be supcrviscd Lrv per
sonncl irained iD the usc ol the frotocols xnd in irngal
idcrlti6crtion. Pror to sxmpling, persDnel should limil



irizc fir:nscl!cs \.itlr thc gcncril biolog\', c.oLog!,
hrbitat asstirtions, end the spcciljc nrorphologjcxl i'a
tucs of tirgct specics. Thrr nill inrProlc r..ur.rcy of
fungrl idcnrificltioDs in thc FclLl ird incrctrsc.lficicr)c!

lor tlltrlisis of Jphr di\.crsit\', it is cxrrcmcl! irnp.,r
ttllt to rcstict s.nplc sites t() rchti\,ch honrogc|cous
hrbit.Lt trc(iusc of thc rariarnu $$ciircd Niih hibit.rt
dlcrsiti. Sanplnrg htbitrr chlrictcrisiics sLrch rs rcgct.r
tion, stin(l rgc, stcm .lcnsiql elclrrioo, ]spcct, .lr1d

topogrrphi. posti(m !i nultiflc sircs \,irhin rf irci Nill
hclp to dctcrnxrc hiLririt ironr)llenci$r

Perbdicit_v

Scqucstrrrc fiugi can fruii iD! rinc olrhc vcrr, dcpcnd
irg ou rcaficr aDd subsnitlrnr. Somc spccics, lbr
crJlnplc, filrt xr ihc Dri.ldle olthc drv scrson ir b|ricd
lotlcD Nood or ncxr sucrms or stxD.lina Nircr. For thc
frosl Ptrrt. hovc\cr. scqucstratc lirngi sholLld bc s,ifrplcd
during rhc r.rnr! sct\s(,tr(s) l't s ol srtrocrry rbnn.r
tion 1r sonc scqucsrratc fiurgi.rc rcstrictcd (Fogcl 1976;
Hul] t,rr.l l riplrc 1987i Luonrr cr ii l I)9 1 ) R hiz|! a!la./t

lt,'lrit, fbr c\iDrplc, iiuils onll in l.rre sUml))cr or
rrrnxr irr Ncstcrn Oregon. whcicls R |iltitalar ii tllc
wnc sL',urds 1i!its nn^tl\'iD striDll rnd cxrly slrnrnrff. Lr
sonrc Asconlcctcs sporocarps firrm iD xurunrn bUr d.,
tor f)rtLrrc ur)til thc fallo\iD.{ \riDtcr or crrh spring
Sporocarys ol otLcrspccics iaund our ofscxson nr]v halc
bccn produ.cd m scaso rn.i thcl i-ozcf tc.g.. somc
collc.tiorrs irf R. l)drhsii) ot dtlcd i, Ir1, lc.c., so|rc
collcctiors ol R. t1"i h"') nrhcr rhif (lccl\'mg.
Tcnucr,rturc rs \\cll .s riin crD riicct rhc iiniring sctrson.
Ircczmg \\'crthcr llon.rtcs ()r dehvs thc mxorr.rrion ol'
sporocr+x, rud high t.mpcrltures n.Mccclcrirc (lrving
ot drc sLrbstr,rtr. thus curtriling fiLLiiiDg.

Bcc,rusr tirnilg of +uiriD:! is Lrnccrriin .nrd strongl!
scrsorrl l]-uoDra 1988), ei.h sitc shonld bc s.nnpLcd
rcpc.rtctlLt' cturng 2 corsc.utnc nr)nrhs olc.r.h lrujtirrg
scisor. S irpLnlg wrthin thc 2.nnrrrh Nindor'.rn bc
crricd ouL irt biriccL<lv Dtcrvrls bccxnsc scqLrcsrrirc
sporocr4x rsuJh pcrsist ti, .bout 2 r'cchs. [rhcn sir)
plifg lcross tur clcr,\rioral gnclicnt, oDc should yislr low
clclition, south facng slopcs 6$i ir sprin!,, buL lust ur
ruornnr, r d high cLcy.rn,r. norrh f!.in!! siopcs l.sL Ltr

sprlug r.l Jlrsr u lurlmn ll-u(!ni 19831. DcsfiLc Lhc
rcsrricLcd fiuiting scisrrs ol Dost scqLrcsirrLc linrgj,
sofrc sporo.I|s arc lilicl] to rppcrr rt rn\' timc drrring
rhc !c Thus, sporocirps must bc sinrpled drrcughoUL
drc !crr, rrLhcr thrn just during rhe tclh il riiin!i pcdod,

. r r,, .l . l.i, .,.n,u
hLlr iutportrnt in rulels fin-conrnrlrnilr stnrcLLrrc.

'..r . 'c.1.'
siIUclurc or rrit! oflirllc fleshy firngi (Richrrdsotr 1970j
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l rgc l97ll; Arlrolds 19,31;Fogcl 1981t Luonr 1991,
1996b, 1996c; Ltronrr ct rl. 1991t \bgt ct al 1992;
O"Dcll et il. 19991. Thc cr!!tic scqurstritc fiulgus
sporocarps, nc:rrlr' all of$tr ich liLriL bclo\ thc littcr, !,ne
$ idlnr thc nrincRl soil hlcr, rrc o)orc dilficrlt to detcct
thxD cpigcous sporocirfs. Thcrclorc, oDc should lot
corcluclc that a spccics is ibscn. l-otrl tur ircr or thrt thc
irea h.s trccn reasmlblv 1\.cll snrlcvcd untiL clita lion 2
to 4 vcrn irc xvlihblc

SUR\.EI'ING CoMMUNITY STRUCTURI

Co xnuriq,structllc rD.l dchncss crn bc rsscsscd nr
scvcr \\.xls. fhc threc prcfirrcd nrcthods rrc piotlcss
transects, linc trlnsccts, or randomizcd plots. $hi.h cin
be permancnt (r'tcn\rrurv (,normg). O .c a clcir
objccti\c is i.leniified :ud the rcsourccs i\'.rjLrblc li,r srDl
plhg hi\c bccn essessed, rhc bcsr nrc(hod fbr mcctin-{.
obicctircs \\ith thc x\.iihble rcs rccs ci| bc scLccrcd.

In this ncthocl slnrflc flots rrc loc,rLcd.rlong a lnc,
lhich nty rr mrv nor bc srriilihi. drrolgh thc ircr of
ir)rcrcst Thc nlDsccrs shoul.l bc scll drspcrcd D rhc
saDrplc arca e) is i{) inte|ccpr r widcr! lctv ofnicrosircs
th.ur \rould bc prcscnt iD r siDglc circulrr tlot 01 thc srme
.lrc,rL lliuhllrg ct d 198.1; l,lchns 1986t Ohcuojr rncl
,Uctsiinhcimo 1982; Lurni ci il 1996b) ll rrirsecrs
irc cstrblishcd rcpcatcdlv ir rhc s.nnc ,ucr, nc\. trinsccts
shoulct bc it leisr 20 nr tionr prcriolsh' uscd tr rsects.
llots arc phcerl crcrv 6 rr elong ,i 50 m trrnscct (Luomi
ct xl. 1996b). Usullh, 25 .1 nrr srmplc plots uc uscd
Ou slopcs, transccts ofl3.9, .rnLl 8 plors, rcspcctilcl). .r(
cstrbLishc.l oI rhe utpcr. nrid , rnd lotrcr sLop. strata.
A "collccri<n'is ciefincd rs rhose sporoc.rrps ofthc slnrc
spccits iioDr x flrriculxr :l Dr ploL. A tohl arc. ol
l00mr pcr 5 ro 15 hc.urc strrd in 25 4 mr circultr
p,,..1\ ',,... l. ',,,. L .' rut r,'u.p.(
di\crsjtl fi)r thit snnd sxmflc. Plots ,rrc mrrkcd Nrth
r lhg or stikc to r\oid resxmfling. Inothcr ,rppro.L.h is

to spacc plots 25 n eprrt on rrrnsc.rs if Lhc horizontJ
dirccftD (rltng.(,rtolrB) rnd io sprcc tr,rrsccts 75
150 Dr iprrr ir ihc !cl.licil dircction lrcross contd[). A
strtLsticixn slnNld bc conslrlrcd rboIr thc s,ll plc dcsigD

Rrndomizcd Plots

Although strrisricellr vund, rhc r.urdonizcd plot
nctho.l is logistic,lh cunrbcrsoDc bcc.rusc it is .liffi.uli
to li! out i t[Ll\' iendoD xrrry ol p]ot s.llrplcs. lhit
logistical rliflicrLln vith rhc plrccmcnt .,1 piots should
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FIGURE 10.3 lcsonfe! ferrbnnnrs r timc co.srfuined rxrch

Dot be confused with the nced, irl nost cascs, to assign

"treatnents" to "experimentil unirs" jn i raDdom
fashiotr. To mcet dre .equiremenrs ol'a ranclon place

rn(nr or \rmtl fnr\. (\fl) Porcnr.rl I'or "iLo. rf 1

stud! irea musr have an equal chmcc ofbeing selected.

T() achiele thxr, cach fotential loc:rrion musi bc idelti
fie.l and enumcra.ed, olier by use of r fine gr . A
random numbcrs .able iher is used to sclccr the saDple
poiDts ftom drc roral pool. O'Dell xnd associates (1999)

ccessfull-v used a stratified rxndom medrod to locate
permancDt strip plots for mushroom simpling. Thcv
needed to locate oDL), three plots per experinental
urit, ho\lcvcr. The liration of many snall plots,
especiilly rcpeltedlv over an e-{tcndcd period, is nore
readilv xccomplishecl by systematic, l-v dispersing thc
thrcughour the stud-v area. Systematic phcemert has thc
additional advaDtage of provn:ling better coverxeie 01'

the rrngc of variation encountcled iD e staDd beciusc
randomly place.l plots tend ro chster in so]llc rrcas
(Mueller Dombois rnd illenberg 197'1).

Plodess Transects (Timc-Colstrained Ssuch)

A timc consrranled seaJch is one in which a survev rrea
is scarcbed for a set amooni ol rimc. CLaridge and col
lexgucs (2000) have oudincd rtrc procedure, $'hich is

morc cllective tlur a series ofstrall plots offr\ed sizc lbr
determining the species divcrsirv ol rn arer or finding
particular species. The personncl doing dle se ch alc
ftee to sample any spots in thc search area that they wish

(Fig. 10.3),.ldlough thct',re instructed to lrclu.le as

under thick and thin litter laye., r rder shrubs and iD thc

Thc time needcd tbra scar.h {ill depcnd on the objec
ti\.cs ofthe slrvev md available resources. Thc number
or teA r h |.rc dcro'cd."<rr trrg"gi'cr:r-i
predeternrined, prcftr.rbh by preln nary tdals ofhsbi
il.s represeltative ol rbose to be sear.hcd. For e{ample,

r timer is set for 5 minuics for t\ro pcoplc ro search a

rire lir d1e targcr tungi. At the end of thc period, aLL

specimens found arc labelecl; drey reprcscDr rhe species

and nrunbcr of sporccarps ofeach found Ln l0 pers,n
minutes. This proccdure is repeated until rhe species

curve levels off, thcrcbv indi.aiirg horv mar"v person

minutes $,ere nccded to fiDcl alL or rearlv all taxe oD dle
site. The proccdure cen be replicatcd seyerrl times for
statisticil a.lvsis ro procluce a plobabilih level for
nndirg xll taxa at a ,irc. Clandge and colleagres (2000)
detennired that drc probrbilif, offinding all sequestrlte
raxa in 1000 mr plots iD the forest typcs thev studied
with I00 pe$on mLnlrtes ofsexrching (lbur per$ns for
25 Drnrlrtes) \ris lcry hiLh.

To evJuatc dre taxonomic dncrsiq' ol a sire ade

qlirtely b,v time constranred sxmpling, dre site must be

sampled rcpcatedly over the fruitinei scasoD for 2 4 or
more yexrs. A (uly complete assay of species cllversiry

ma,v require fxr mo.e saDrphrg per ycar fbr manv years

(Egli et xl. 1997), blrt h the casc of seglrestrate ftngj
rhis is rlot fcasible becalrse the surf.cc ofan entire studv



ex likeh .ould Lrc disturbecl b! rll(ing *iih thit ilrrcn
sity rd cluratiur ofsrnrpling.

SURVT\.ING RARE SI,ECIES

Surlcvs olrrrc spc.ics mi\.ra.us on ,rsscssDrenr oierisi
mg Popuhtiols or dctcctior of nctr oncs. T\o tech-
n!ucs, L,odr ricc{ ro hrbitit rsscssnreDr, ire r$e.l in
sct]]l:l rg fbr nc\r populitrms. MaD! sc.tlresrrrrc rili
hrlc spccilic hrbitxt .cquiremenrs 1c 9., yril tlpc or rsK)-
cirtcd host spccics). lurc seqursrrrte RrDgi firsr shoul.l
bc sorLghr i| ]libit.\rs smrilrr to thosc rtcrc cxrurr spec

inrc.s lrilc bcctr lbund. l'hc nrost liltcly habitrrs rre
idcrtilicd rrld loctrtcd on tLc Lir1ds.lpe. thcy rhcn ire
scrrchcd durnrg thc irost likch fiuitlrg pcrn)d, using
plotlcss tnnsc.ts guiclct{ bv ccologicrl iDdicatr)r or sls'
rcmljc pltrccmcnt of sr.ltrchrrl plrts.

tl^r|...... r.. l..r u .r. l' -\
bcclrsc l,rrgc nlirbcrs oI trrgcr microsifts .rn be
.. 1,. i11 ., i.,r il 1., i..r,..tr..|... r...r :.r.
rng scqLrcsLrtrtc lingj xrclLrlc trcsh digs b) srall rninals
rrd raiscd c.,mpictcd hulr1us Drxtcrial. I'ro.luctire
nricrohrbit,rts gcncralh includr soils adjrcenr ti, ivcll
dcc,r'cd logs tlnd pr.,tcctcd arcas land arcas rdjacent ar
drcml vithln s . L rrc.N hc,\yiLy disturbcrL br ininils
such is Nild pigs. S r.rll rnn . s n,ch is sctL,inels, ni.e,
rnd rolcs cofn)onh' unctrrth sp.,r,rcxrps .ri s(1lucstnte
tunci crrc rt ,r tinc ,rs drc\ raturc, lcarurg e snrll pir
2 8 cItt dc.p nd 5 8 cm in clirnctcr. Such cligs some-
Limcs ',uc hrd to distjrlguish iionr cligs fi)r sceds r)r
iisccts or lion) hoofprirts. Sonctincs in inimrl *il1 eit
onl! rhc uppcr portLor) of r sporocrrp, ancl thc rcmain
ing portion cin bc obscn'cd rt thc hortom of rhc pit.
trh.vscqncsiritc iirngi il-rLit in clLrstcrs, so furthcr cxplo
r.rion sldrir i ridLus 01 30 60. rrou ({ a suspcctcd
liuliirur sfot olicrr r.\,c. s ri{dltio al spccurcns. tt is best
ro rukc irto thc soil to drc dcpth ol rhe ncrrbr snall
ariDal dlg. Nccdics.lcxl li,tg crts, or othcr clcbris nr or
r 5pidcr \\'cb rffoss r smrlL run. dig lnclic.rcs thit it is

'1 i.'l Ir .\, I clp.r ..r..
ho$elcr, tifticulxrh il trcsh digs rrc scrttcrcd xbout ir
thr hibitlt. Pbtlcss rrrnsccrs rLso c r bc !scfirl in ll.lbitrr
ilLrb conpicicd soil or \llcrc drc humls iar,er is thxr.
Lirder su.h .ircLrmsrtrr.cs clcn s r. lspc.imens fbm

rr...i 'r',Jr " uJ . p. u .i,.'
trxincd obsc^cr. Olicn. lurgc pccnDcrs cmc$c fron
the snrll humps. CrnrpgroLrfds, ib rdor)cd rords. road
h, l. r. . .r.I'.r'.I . \ '.i;I r'\ r,(ll..,\

Ilr prrri.ulrr rrrc spccics is so!ght. drcn plors sub
jeciilch phccd if i icroh,rbittrt rhrr is nost Lilcl! to
hrrbor rhc stccics hIc I nrrrcb highcr probiLbilit\ oi
ircltrding rhc txrgcr spc.ics Lh',rr1 d., rrLr.lon ! placc(L
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plots. Sornc spccics, for e\imple, cr)nrnonlv iuir ir
associrtio $ith Ncll dcci\ed logs. When searching firr
rhcsc spccics, dots shoukl be locarcd ekrg icll deceved
\rood in 1l)c upprolniitc habitat. As with ill slmpling
proccdLrrcs lbr scqucstrt\tc iirngi. timiDg is .riticil, rn.l
rcferrcd srnpling ovcr tr lmbcr oflears is reqlLne.t to
rsscss r.rrc inn!i r(lcq!rLcltr

|\isrin!! poprLirLions $hosc lo.ltuls arc hirlv \\'ell
looNn mrv bc rcvisitcd to (ll rsscss populati(m vi,bil
i'l', (2) ftrrhcr dclLr t drc populrtnm, or (3) dercct
rcrrbv popLrlitior)s. A prcliousil samplcd crcular plot
cxn be rcsrnplc(l il cnoulih tirn. has elapscrl to Jkr$
re(oyejl or r concenri-ic zonc thlt crtcnds 0..t7 Dr ir
m.tills bevonLl rhc origrfil plor crn bc smpled. lhe
, ..r ..r,,.r,rr,,o.,. dJr .. .l r:1,l .,...,..

cerning rhc potcntirl o1 thc origrnl thallus. 1ir explore
tor orhcr ncrrb\' popuhtions, rd.ljtioDJ plots thii c\tcDd
rnil tidn drc sirc ol rhc orignral drJLus crn Lrc msmlled
in i sti$ursr trrrcm, if Nhich cight 0.5 Dr']plots sL[
ftm.l thc originil flor.

Bccruse rh. srmplin!r tr-occ( rrc lbr scqucstratc fiurgi
is.lisnprive, prrricLrlarlr'1br r]rc $ccics, it shoulcl be
Ltscd crlrjoush'. DjsiLrrbxncc .,f drc rnicrohrbitar nrv
hile rn rLllcrsc ifp'Jcr on Lhc h,rbitrt ard rrnder ir uin
hibitlblc bv drc fingLLs rh.rt oDcc wrs prescDr. This is

pxrricuhrly cyidcni in hrbittrL s!.h ,N coxrse \ooc1v
debris thit is LlisDinnc(l in s,rmplmg. [rood] dcbris thus
srmplcrl does ror rcrunr ro its Jonncr strlcturc rap h,
ilit lll lir olrr cxpcricncc, soil substrrtt\ xDd rheir con
comifunr hcrbs rrd lbrbs rcturr t., Frcdisrffb rce lcvcls
I 2 Ycrrs ificr sinrplins.

SAMI'LE Srzrl

'li)tal irer n) be sxDfled depcnds or drc objc.tivc .,fth€
srrd!: ft ilhes lcss sinrpling to \',rlftatc thc o.currence of
i specics xi i Lno\1r locrrion thao to discorcr rlc$ loca
tioDs. t.ikc\visc, less rrci is rcqLrircd NhcD scrrchjng tbr
, \ 1.' ,, ,1.,, . , ...,,,9. ,,,
rrunit\ diversitl of r stand or srrcshed. T| gcncr. , t\

nininun iotrl aree ol 800 ro l a00 Dr {0.5 2.0y, of l
strml ucr) nust be srmple.t to lssess spccics richrcss . d
conmuDih conposition in r 5 io l5 hcctnrc stt\nd
{HLu1t rDd Tnpte 1987; I-rnnx er rl. 1991J. Thlr totxl
is best rchiclc.t o\,cr 3-'1 rcxrs olsinrplinJl.

DATA I{-{NAGEMENT

ficlcl clrra shects shoukl be roioi.cd socr;l timcs cluring
the simfling pn)cess. A datx shecr is chccl<cd lbr com
pletcncss \hcn the pli)t to ihich it pcftrins is linishcd.
At thc cncl ofetch rmnsect. drri sircets rre chcckcd to
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erslre that all plots wcre completed. \Mren aD nldi\'id
Lral snnd is turishcd, clari sheets should be collated xnd

f.o r-d q.rn.on. .l ..rd b( r(.ol,cd L,c .c o'r1g
ro the rext stand. In the evening, collectioDs must bc
-c,. . I , ,. rt. d . , (. r. Unfc.n \rd q. (\uo r.
nre-v necessitatc return to dre sftnd or pht of conccrn.
CesteLhno and colleagues (1999) provi.le ei(cellct)t
eranrples of drrr shecLs for x vxlicty of uses nrclLrding

docrurenting thc ficlcl rire, describing various lile loms
oftungi, ard m.rking nelcl tags for coLlcctiqrs.

Computer d,rtibise desi$ should be coDsidcrcd
befare commcncc[rent ofdati collccrion in rhe field to
enrrc d1at alL neccssarv information is collected ar rhe

most appropriate and .ost effccrivc time aDd recordcd
\vith the mosr useRrl roirLtion. Consultatior with a

computer drt)brse specialist rvill cnsurc that the cnd
product ri€ets objccriies.

LABoRAToRY PRocEDURIS

In dre lxbomtory, sporocarps shouLcl bc clcscribed Rrrther
rnd identified (sec "Dcscriptn,r of Tam," larcr iD dris

chaprc4. Ifbiomass qLrrntificatnD is requircd. then rfter
dcscripro, sporocarys rrc ovcn dried rnd rvcighcd to
rhc ncxrest 0.01g.

CHAMCTERISTICS OF

SEQUBSTRATE FUNGI

DESCRI?TION OI TAIA

The evolution ol scquestnte ftlngi hrs iended toward
moryknogical simpli6cetn)n coupled u,ith specixlization
ofspore dispersal tac.ics. Because ofthcir reduced nor
phobgl, sForoc.rps ol sequestntc lingi gcDeralLt, xre

eesier to describc thin thei epigcous relxtives; sporcs,
ho{ever, ire ormmcnted end pigmcnted and tend to bc
nxrrc devclopccl th:u in dreiI epieicous relatives. Sporc

'l.r're\-r( rl .r .:r,p"r..r'r lo d:L'rErr hrlgts(n...
rnd species. Sporc orranentation rlso nrav serve.s
p()ie.tion agrirst chenic.l or phvsicnl hazards of
passnrg d1lorgh animel digcstivc trrcts.

(iareful notcs on fl-esh nateixl xIc inportant lbr com
pleie descdprions ol raxa, although sonre l-resh chtac
ie$ vxry so nruch emong spccirnens iom differcnr
hebirxts or collected xt .liffercnt sc,rsons that thel' ,lrc

onlv marginaily usc[rl h taxonor:r}.' Developnent
srages should bc dcscribe.l to the dcglcc possible. sporo
cerps ofsomc species, su.h as Genabea urebtilbr"'i!' arc

dJ..r'.n.llr r)c\'' I nin.rJmcr.r P.{.\(r .o..rc\

tlrxt rcach mlch larger dhensions, slrch 
^s 

Rtiz|l)0lart
lllloralrs(up to 10 cm in diameter), aiso crn be less thxn
I cm urder somc conclitiom. Color n alsr highL! vari

:rble for most spec;es. Rhizopogon rini tor is \lhhe jn

Lr h.nd qr.r rpr'. \r'(' \r i.r.i \ 'r rn..r,.r. -

.lelelops patchcs of vcllorv and still sranrs pink. Later
the ,lellow beconres nottled with reddish bronn, and

the pi* stiiring be.oDres obscure Ar Rlll maturitl', thc

per nLm may be rcdclish bro$,n to a hrge exi€nt md
may not strin wherc trruised. St.ndard xDcl geDerilizcd
col(r terms, such es drose uscd b,v Kellv.Lnd Iudd
(1955), xrc accordnrgL,r morc usctul nr describing
sequestrntc tungi than long lisrs ofverv specific tcrrns

iion1 othcr color dicti.,nrrics. For eranple, Thicn ud
smith (1969:532) described thc piLelrs color ofthe hYPo

geois Caltiwri,t ,.l"har xs "ncar 'pale riDaceous drab'
r. p.l.p r?lcor,.J i... r.p..lcl. cr.lr' .-..'.on
allv as dalk rs 'light purple drab' . . ." The color tcrms
the! used c Fonr Ridgrvay (f912) en.l tnem litrle
urless onc hrs r copv of ldclgvay in haDd. ln thc IGllr
and fudd teminoLog,r, thcsc rcrnls triDslate into the

more meaninstul grxvish pink, grrlish turylish pink, rnd
gravish pLrrplc, rcsfectilelv. Bccause gra)ish PurplLsh
pnr[ is intcrmcdirte bet\reen drc othcr ts,o co]oIs, thc

pileus color o1 C. r,/azs can bc clcscribed coDveniendr
rs "grxyish pink ro gralish purplc." Responses oftissucs
to reagents such as KoH cm bc srriking h a 1-e$ licncra
of Basidiomycetes (particuL:rrL,r' Rhizoposan), but r\ct,

rt r',..rp, r\,r rr|r< | .pr..r d..|rr ..uon ..

other importrnt cheracte|s oflicsh sporccarps includc
ranges of vcrrical ind laterai dimcnsions; slupe (c.9.,

even and globose to ellipsoid, , fllrtened, iregulxr or
. rr.'.cJ .rrd n.r/: prJ c.!c ol ,r'1 ,( (. r( o

holes to inrcrior; rature of surfice (e.9., glxbrous,

scebrous, tomcntose, verncose, rnd, if verrucose, thcn
size aDd conlislri-itioD of the \!arts)i color of peridi'rn,
includnrg vxrirrions on single spccimcns (e.g., strerkcd,
nDtdcd) xrd djftlrences bet\\'ecn cpicuris anrl subcutls;
thicloess ol'peridilrm; color chrrge, a4rere bruiscd or

expose.l h cross sectior; mturc olglebe or nrteior (c.g ,

snid. chrmbered, enialded, hollo$'. gelatnrous, pLrlvcru

lcnt); presencc olcolumelli ()1 stipc; color ofthe {arioLrs

tissucs of thc intcrior ald of spo.c deposiis thxt ]inc
chrmbers; odori tisre olperidirm and glcba (detemLne

sepantely whcD tossitrle); rnd rcsponse ofper tr,m rnd
glcba to :r It$' rtrops of .L 5% solutiorl ol KOH. TcrrrN

for the lrrious types ofascom.ta hrve been proposcd bv

lveber lnd associites (I997).
Because rcLarjlel-v fe{ sequcstrate irngi arc mrcro

scopicall! .lisrhcrivc, rricronorphological chiractcn
are cspecixllv ilrrportrnt ir delincrtjng ta\.. Fresh mntc
rielcar bc mounted on microscopc slides nsnrg \riter,3%



KOH. or,\lelzcr's rergcnt lAppcDdix IIl. Thc l,tclzcfs
rcrgcnt should bc rctiigcrt.d ancl lcss rhrr I rorth
old ibr bcsr results Sporcs nrL tissue cclls sholld Lrc

casurcd usirg rvercr mounrs Lrccrusc I(OIT,rncl odrcr
rc]gcnc..ur crusc $r'ellln!! or shmlQgc olcclls, plrtic
ulrr\' 'rscosporcs. Sonc sforc orn.t])rcnts ss cllor rlissohc
i. I(OH ('lr.ppc 1979; N S. Wcbcr. peronrl comrnu
.icrlont. Dncd rissucs crn bc nrountc.l iD KOI:I fbr rrpicl
rch]'clrrtnn, bur rscosp(rrcs . \\.\,s shr)Lrld bc mc.rsurcc{
tion Dourts rehv.lnrc(l in N.\t.r oDl\,. Thc color rct\c
ions oi sporcs, ,rsci, or orhcr rissucs to r\tclzcls rc.rgcnt
sborlcl bc rccorclecl clircctlv {orugc. rect, purplc, b1uc.
blxck)r hcrtL r as 'iDrltoid ' or 'tcrtrnroi.l. " Thc cclls
or riss!cs Lhrt iLppcrr io |crcr ro trlclzcr's rcrgcnr should
bc coflprrcd ro thc xDxlolioLrs .clls or tissucs in LOH or
Narcr r)rounts ro cDsluc rh drc c.,l(r.is iD.lccd drc rcnilt
oillclzcr's rcagcrt rncl iot tr nrturil c()l)r.

nilrcnclcr possiblc, ill nricro roryhologicll ftrnrrcs of
slrocs trlld nori-crtilc iissuc iiom borli lourg .rnd Ncll
nrlurcd $..DcDs should bc notccl. Selcril "ncv"
ste.ics htrlc bccD dcs.ribccl tronr spccirrcrs lrrcr dcnrorl
sinrcd to bc innrrtluc sruscs ol in ei icr dcscdbcd
tri.s.n '...A.'.1 ' pr.,i ,. r'u,j

rrc rbscnt or snJlcr or \'oung sporcs thlr on m,rrurc
sporcs. Othcr strLcitrrcs, s'rch rs ccll wills, chr.gc pr.,
gtcsncl| rs sporocerps nrrnrrc ln sonrc.rses rhc \', ls

. r rl. rl,\.r. rlr..r..l r'.r'!...1
.-!ourh. but thnDcr rn.l lirrr in ,rgc. Sonc .hincrers. s'rch
'l! fl\'r r'..ri r . r. r. ... i \o r:

sporcs but nor in miiLrrc sporcs. Zvgomrrr c.ur be
judgcd rs imniturc ilill sp.,rcs rrc rhin Nxllcd Thc\ lrc
co.sidcrcd firlh. miirrc il ,rll sporcs irc thick \\',rllcd.urcl
drc sporc ittx.hncris xrc oc.iudcd by \ull nr crirl or l
stll dcrclopc(L scptlrnr. Bisidionrrra cin hc Judgcd trs

iDnnrurc il sF)rcs rre scirroc(l o\cr thc hvnrcniunr .md
..r r1r... .,a,.,.1.,,.', . i.,o

in qorc bc.rrng tissrLcs xl ,rlc .,fslnihr si,c. sh.ipc. n iLll

thickfcss, pigneDterion, und orninlcntlrion tNhcn
prcscrtl. Asconitr rrc judgc(l to Lrc iDrnrrrurc il onlY l
inrll proportrD of thc rsci contrn spores rnrl lirllY
mr r. i1 ,rU rsci contuiD sporcs ol smrilar sizc, shrpc, \.xll
drickn.ss, pignrcnt.in)r, rncl on urcntrrion (ntcn

.j,i,,,o", ii,,rr 213

Chil11.tcrs to be recordcd 1br cach collccriotr include
rrngcs in sizc and shipc ol $o.rs lmeens aod stmda
.lcliitions basecl on nrcisurcInelts of 50 m donn!
sclccrcd sporcs ynneiirrcs irrc us€full; si,e, drapc, ind
nlturc ol sporc ofl]inrcnritioD; spore-\rrll drickrcss;
rcrction ol-!o!Dg rDd nrrru-c sp.,rc parts to lfclzcr\
rcxgcnr iconpircd Ilrh sporcs irl r'.ucr or KOII), rangc
olsiics io brs ia {, rscir rciftion ofisci io Ntclzcfs
reillcnr (irfcrsit! rn.l bcrriorl of col(rJ; rlrgc ol sjzcs
lnd shrpcs of other lrvnrcniil srrucrues (e.g , prrt]r$\,
scs, brrchvbus nncs, clsridii, sftrcl; structlrrc, ccll sizc
eDd dripc, cclL \!r11 rhickcnir)s, lnd orher disrin.ri\c
fciturcs oi subhyncliun, irinrr, stipc colurclh, rnd
crch lxyer oi pcrrLnur; rrcsenccj bcrtj()lr {ini'iccllLrLrr
or cxrrxccUuhrl, natue, ind color oi-pignrenr dcposits
iI KOII uod Melzcr s rclgcnrj .urd additnmll disri|.ri!e
rcrctions ol .clls or tisslrcs ro llclzcr's rexgcnr

IIAIITAT ASSESSMENT

Detiiled i|lbrmxtrm on hibirrL is porcntiallv uselirl 1br
undcrsrindj|g thc cc(,lo$ of hlrgi 1]rc collecror mLrst
de.idc hoN to rlh)citc 6eld dmc bcrween coUccrijrg
fungi .rnd collccting hihitxr dIi I.,r those tungi. Htrbjtrt
in thc bro,rd scnsc Dclucles i dcscrjptilc geognfhic loc,r
r(nr rs 1\'cll ,rs lltjtude, longlrudc (dcgrec, ninurcs, ind
sccoDdsl, ind clc\xtrD (in mcicl.s). At i gilen bcirior),
thc gcrcril hrbitit (r farcsr t1pc (conpletc olcrsrorr
inLl i,ijor undcrsrory sfccics) rnd estinircd sr.ud
a:je, slotc,.rspcct, ind donrirint grounct-covcr pla|ts
.r ... ll , p-.i ,, i.r ,.,rp ir i. , g.\.r
collccriof should includc subnrrtLrm (e.g., rcfl.csrrid,
decaycd Nood), ancl fruiring hrbit (grcgaft)us \,crs!s
solitrrf , singlc vcrsus ccaspitose)

ACKNOI\TLEDGIIIENTS. tarritrl fuDdnig ro prcp.rc
rhis miruscnpt \!.s prol.idcd b\ N. rrxl Scicncc
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apprc(iate ihc trclpful cdiftnixl coDmcnts of lanres R.
Eblir.
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