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Recolonization of Burned Substrates by Lichens and Mosses in
Yellowstone National Park

Abstract
\\'e examined conrplclcly bumed $()od. \oil and rock in 5 mcado$ and 27 fofest sites jn Ycliownone Narional Park lo document
ear lvcoloniTaddbvl ichensrndnrossesl3vraf tcr lhc l988i i resTwomosses,AnLmcatspi t ic iumnd(enrodonpurytneus,
occurrcd in all 27 lbrest site\ examined. rccolonirns buned $'(X)cl. soil. and cracks in rccks. Pr1_\]tiJlun iwf\,rn |-...|,nn(t p

,,i/ilsn,n scrc or soil in ll sites. \Ve idcntiiic(l 1l moss species on burned wood substrates and 3 fronr bumcd ne.rdo\\, \oil.
Sixteen lichcn species. plus sofedia and sterilc Cld./onr.r squ:muLes, \\'ere identificd ircm burned wood sLrbstralcs. Species of
C/dlrrirr \r-crc thc najor recolonizing lichen on bumcd wood and soil. Nine lichen specics were on burned fhyolitc and gr.rnire.
Dougla\- f i r  s i tes had thc largcsl  nunbef of  l ichen species (  l5) .  s i lh 11 species in Engelmann lprucc ard lodgepole f ine s i tcs.  a l1d
6 species in $hitebark pjnc siles. Spruce snes had signillcantl! more mos\ recoloniTarion on buned $ood rhan Douglas lir.
lodgepole pine. and $hitcbark pire sites, aDd significantly morc lichcn rccolonization than lodgcpolc pine sires. The fecoloniTing
lichen species appcarcd wilhin ll yr atier fires, and remajn indcii lel.- in the sites. sincc thcv rue also pfesent in old forcns.
Nunlbers of lichen lpccies increase with time since tirc. but $cre is not apparent species rcplaccment. A moss inventorv has nol
been complctcd for $c parki it is not kno\rn if morc or dillerent nosse\ $ill appear lhrough dlne or succession.

Introduction

Yellowstone National Park is a large volcanic pla
teau with a continemtal climate and a well docn
mented historl of forest tires. The fires of 1988
burncd -:L15,200 ha (,+402 km2) within the prrk
boundaries. about,1,1.56l, of the park (Schullery
1989). Six percent ofthe area bumcd was meadow-
grassland and 9,17. was forests. Most ofthe burned
forestcd areas were dominated by lodgcpole pine
(Pinus contorta),with smaller tracts of Douglas-
ttr (PseLtddsuga ntenz.iesii), Engelmann spruce
(Ptt:ea engelnumnii), and !l,hitebark pine (Pi?r.t
albirrarlis). Thebuns were nrosaic, leaving patches
from a few ml to several kml of severely bumed.
moderately bumcd and unburned areas (Rothennel
et al. 199,1).

Man)i park proiects have documented rccov-
ery of vascular plants. especiallv lodgepole pine
and the undelstorv perennials (Anderson and
Romme l99l; Tumcr ct al 199,1. 1997: Baskin
1999; Reed et al. 1999; Tomback et al. 2001).
They concluded that k)dgepole pine has regener
ated itself. as expected, liom seed sources in adja
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cent unbumed and lightly unbumed and Iightly
burned patches. Hcrbaceous and shmbby under-
story regeneration has depended primarily on the
plants that resprouted trom sun'iving undcrground
parts and tiom nearby seed sources. This study
investigates the initial retum of lichen and lrross
species. all of which wcre presumably incincr-
ated when their substrates burned. None of thc
other Yellowstone studies included cryptogram
obscrvations.

Srud ie .  concenr r l r ing  on  re io lon iz ing  c11 pru-
giunic crusts, including rnosses, algae. and lichens.
on dryland soil after fires. have occurred in Utah
(Johansen ct aJ. 1984) andAustralia (Eldridge and
Bradstock 1994). Algae tended to rcturn before
lichens and mosses, especially dudng wet years.
and after 5 yr the lichens and mosses were recov
ering but not yet to pre bum cover. On peat sur-
faces in England, Ccrufiodort purpurcLrs appeared
to be insensitive to pH dift'erences, and readily
colonized ashed surfaces with I yr after t ire:
Polvrichun piliferun was dominant atier 3 yr
(Thornas et al. 199,1). The lichens Xorihoritt
parietina and Coktplaca aurantiq yar. aLlr ti.t
recolonized bumed limestone within,+ yr after
lire in Israel (Gany 1992). Most rock inYclbwstone
Nct iona l  Park  i .  igneous rh5o l i re  o r  g r rn i te .
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In Canadian lodgepole pine forests (Brulisauer
et a]. I996. Coxson and Marsh 200I) and sprucc-
lichen woodlands (Maikawa and Kershaw l976.
Momeau and Payette 1989), Po htri t hun piliferunt
ttr P. juniperinun recolonized burned soil betbre
othermosses, <20-50 yr after fire. Rowe and Scotter
(l973) also identiiied the mosses P cormrure and
Ceratodon purpureus in an early post-flre spruce-
lichen woodland. Early colonizing lichens var-
ied, but usuafly tnchded, Cladonia spp., and. in
spruce lichen woodlan ds, Trape lkrysi s gntnuktsum
tnd T. uliginosa.The moss Pallld r?&lar.r was an
important rccolonizer in one study (Brulisauer et
al. 1996) rnd in another location (Coxson and
Marsh 2001). the lichens Peltigera ttphrhosa, P
mulaceu ard Sterocuulon alpittum were signifi-
cant early colonizers. Aticr 50 yr, f'cathcr mosscs
(e.9.. Pleurozium schreberi) tnd Clatlina spp.
increased. Stability in bryophyte communities was
re l .heJ  u i th in  l001r .hu t  theorgan i / r l ion  i rmunf
lichens, shrubs. forbs, and grasses was still chang-
ing after 100 yr (Brulisauer et al. 1996).

In studies focusing on wood and bark
recolonization after fir'e, Longan et al. (1999)
documented colonization in Spain olbumed ho11y
oak (.Quercus ile.r) stumps by Cladonia spp.,
Agonimia allobata an.J Macentina dicBospora
within I I yr afier lire. Romagni and Gries (2000)
followed initial recolonization of bumed silverleaf
o.rk (Quercus ltypolefi.oides) in southern Arizena
wherc trees with rough-textured bark close to
hcalthy lichens were recolonized within 3 yr by
L' lu)o punc te I iq p rae s i gttis antl P unc te I ia hv po-
lerciter. Numbers of thalli incrcased more quickly
on severely bumed trees than on moderutely bumed
trees.

The ob.jective of this study was to document
the initial return of lichens and mosses in 2001.
13 growing seasons after the 1988 fires were ex-
tinguished. We examined burned trees, soil, and
rock. Eversman et al. (2002) identified 369lichen
species fiom Yellowstone National Park: 256 in
Engclmann spruce stands, 206 in Douglas-fiq 133
in lodgepole pine/whitebark pine. and 152 in lodge-
pole pine stands. The presence of mature Dou-
glas fir and Engelmann spruce stands indicates
that the sitcs $,crc last completely bumed >300
yr ago. Fire recurrence in lodgepole pine is gen-
erally at 100-300 yr inten'als, and whitebark pine
sites are usually >150 yr old (Romme and Despain
1989, Despain 1990). No moss invcntory for thc
park has been completed, although theYellowstone

National Park Herbarium has 1 20 specics of mosses
in 57 genera (Jennifer Whipple. Yellowstone Na-
tional Park. personal communication).

Since Eversman et al. (2002) had identif ied
so many more lichen specics in thc moister spruce
and Douglas-fir forests. we hypothesizcd that in
this study we would find more and diffcrent li-
chen species in these sites than in the dricr lodge-
pole pine and whitebark pine sites. We also an-
ticipated more moss species. and those more
characteristic ofmoister habitats, in burned Dou-
glas fir and spruce than in the drier pine forests.
Lodgepole pine and u'hitebark pine are generally
on exposed ridges and plateau locations. while
Engelmann spruce and Douglas-fir tend to be on
more protected hil lsides.

Methods

lnJune andJuly,2001, we selcctcd 5 sites in bumed
meadows and 27 sites in bumed forest stands: 6
in Douglas-fir, 1 1 in lodgepole pine. 5 in Engcl-
malrn spruce! and 5 in whitebark pine forests.
Elevations were 2090-2165 m for meadows, 1940-
2202 m for Douglas-fir 2033-236,1 m fbr lodge-
pole pine, 2152-2383 m for Engelmann spruce,
and 2527-2637 m for \\,hitebark pine sites. Most
of the sites were on hillsides with various expo
sures: three lodgepole pine sites were on level
gruunJ. Sin.e musl ul the burned lbreits were
lodgcpolc pine. those sites were easily found:
bumed stands from the other threc forest types
were more difficult to locate. We determined the
types ofbum sites according to adjacenttree types,
incompletely bumed trees, and type of tree re-
producing. Each site was between 0.25-0.50
ha. We walked a loop through each site, record-
ing l ichen and moss species on corrpletely
blackened logs lying horizontally (downed logs)
and standing burned stumps or snags, when
present. and on soil. A snag is most of a bumed,
standing tree approximately its original height,
and a stump is standing remains -1.5 m or less.
We exanrined 10 burned logs and 2 l0 snags/
\ lu rnp \  J I  ea \ 'h  s i te .  Sumples  o f  a l l  ' pec ies  uere
taken for vouchcr specimens, and for labomtory
identification when field identification was un-
certain. We measured the Jength of fruticose and
diameters of fbliosc lichen thalli. We estimated
the distance from the ccnter of each site to the
nearest unbumed trees. potential prcpagule sources.
by pacing or driving.
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We analyzed, according to forest type, the per-
centage of bumed wood substrates in each site
that were bare or rccolonized by moss or lichens
(ANOVA/MANOVA, STArISTICA, P=0.05). wc
conelated percantage of bare orrecolonized wood
substrates at each site with distance from the nearest
unburned trees, potential propagule sources
(Pearson Product-Moment Correlation.
STATISTICA).

Nomenclature follows Dom (198,1) for vas-
cular plants, Esslinger (1997) for l ichens. and
Anderson et al. (1990) fbr mosses. Voucher speci
mens were deposited in the Montana State Uni-
venity Herbarium (MONT).

Results

Genera Patterns

Bumed logs and stumps/snags were recolonized
by lichens or mosses alone orboth together Small
polypore fungi and tiny ascomycetes were fre-
quently on bumed wood. and wc saw occasional
oyster mushrooms (Pleurotus sp.). Decofiicated
logs lying horizontally, and apparently unburned.
were common in the lodgepole pine sites; they
had no lichen or moss growth on thcm, merely
occasional small ascomycetes. We observed no
lichen or moss growth on any ofthe conif'ers that
have grown since 1989. Nearly all of them were
lodgepole pine, with small Engelmann spruce,
Douglas fir, and subalpine fir'in moister sitcs, and
none more than -5m tall. A fe$ whitebark pines
repopulated the bumed whitebark pine areas, but
most of the young pines in those sites were also
lodgepole pine.,Bryum cae spiti.ium and Cerutodon
pLtrpureus were jn all 27 fbrest sites. either on
logs or soil, or both. A11 of the l ichen and moss
rccolonizen, except the moss Rhytidiopsis robusta,
were already parts of the collections in the
Yellowstone National Park Herbarium.

Meadows

Available substrates for recolonization in mead-
ows on hillsides between lodgepole pine stands
were soil and rhyolite. Tall grasses were in these
sites during the summer obsenations and inhib-
ited visible growth of soil rross or lichen. Burned
rhyolite boulders had no recolonization other than
Bryum caspiticium and Ceratodon purpureus.
growing in cracks and around the bottom ofboul-
ders. [n drier burned big sagebrush (Artemisiu

tridentata) grassland, available substrates were
soil, woody remains ofbig sagebrush shrubs, and
granitic boulders. Cyanobacteria (Nosroc). lichens
(C ladonia chlo rophueu and Pe ltige ra ruJe sc e n s),
and mosses (.Brywn caespiticium, Ceratodon
purpureus, andTortrila rriralis) were on soil. The
lichen, Buellto papil lata. C,tlopluta t riu,t.
Rinodina turfttcea, and Xanthoria fult'a covered
woody plant debris, usually the remains of big
sagebrush.

I\,4osses on Burned Wood

Engelmann spruce sites had significantly more
moss colonization thrLn the other three forest lypes
(Figure 1). Of 27 fbrest statds. B r )-um cae spiticium
and Ceratodon purltureas, growing mixed togethet
were on burned wood in 24 sites (88.97c). The
general pattem for moss growth was tbr Bntnr
antl Ceratodon to start growing on the soil di-
rectly under the logs, and expand continuously
upwards onto the logs. particularly in cracks in
the wood and on the uphill or more shaded side
of the logs. On most logs with mosses, the moss
growth was a thin green film. in cracks, \\,ith small
gametophytes and no sporophytes. On the bases
ol snags and stumps, again, moss growth was
continuous with the same species growing on the
adjacent soil. Qualitatively, the p€rcentage formoss
cover was greater than for lichen cover

Ten mo:\:pecic\ including Bnum caeqiti, ium
and Ceratt on purytu,'ell.r were on burned wood
in spruce sites, and seven were in lodgepole pinc
(Tablc l). They tended to be on shaded logs or
the  ba .e .  o f  bumed . tumpr  rnd  snrgs .  g rowing
up onto the wood from the soil. We observed only
B. cuespiticium and C. puryirreirs on bumed wood
in Douglas-fir and whitebark pine sitcs.

N,4osses on Soil

The major mosses on bumed soil were Br_yulr
spp., especialfy B. caespitir:ium, and Ceratodon
purynreus, nearly always associated with downed
Iogs or snags and stumps. and, Pol,ttrichum
juniperinum and P piliJbrum that fomed mats
on dry soil. 

-fhe 
Pobtrichum specics were in 1 I

sitcs, cvenly distributed among forest types, and
their mats reached maximum diameters of 50-60
cm. Pohtrichum never seemed to grow liom soil
upwards onto wood substrates. We found no
Fwraria lrygrometrlcn, a common post fire spe-
cres. ktrtultt rirrzills was in drier lodgepole pine
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and nreadow sites. Mtnthuntia polynorpha was
in two of the wettest spruce sites.

l\,4osses on Rock

Most rhyolite and granitic outcrops and boulders
had no moss growth directly on thc rock, but
Cerdtodoll $,as usually around the bases. The
mosscs in cracks in the rock, again apparently
gro$,ing togcther upward from the soil. wcrc B.
caespiticiunt and C. purpuretrs.

L ichens  on  Bu rned Wood

Engelmann spmce sites had signiticantly morc
lichen rccolonization on bumed wood than lodge-
polc pine sites (Figure l). The largest number of
species (15 plus soredia and C/adorla squamules)
was in Douglas-fir types (Table 1).

Bare

OF LP ES WP

Figufe I Percent.rgc ofbumed $ood bare orrecolonizcd by

mosses l:'r lichcn s in each forest type orean t 1.96

S.E.). DF = I)ouglas-fir. LP = lodgepolc pinc. ES
= Engelmann spruce. WP = whitcbark plne.

Sterile C/4donlc squamules. C. flrlrlatrr. and
C. coniocroeL JccoLrnted fbr thc greatest amount
of rccolonization on burned wood (Tablc I ). Their
usual location was in horizontal cracks lowards
the bottotns olthe logs lying on the ground. Logs
that $ere propped up from the ground by other
logs or stumps, and the sides 01 standing snags
and stumps, were recolonized least by eithcr 1i-
chens or moss. The most favorable place for li-
chens on stumps was in concave depressions at
the tops. on whichX.'lrr,orla /irh,a rnd gcncrally
u n b r a n L h e d  r h r c : r d .  o f  t h e  f r u l i c o . e . p e ( i e .
(.Bnoria fuscescens, Letharia vulpina, Usnea
substeril is) were attachcd. The longest thallus
rneasured was 32 mm (Bnttrio fust:escens) in an
Engclmann spruce site. fbllowed by maxlmun]
lengths of 30 mnr fbr Z. vulpirut in a lodgepole
pinc site. and 16 mm tbr L/. .vrD.rrerllls in a Douglas
fir site.

Lichcns recolonized burned wood in all forest
t)'pes, but only 5 lichens wcre in all forest types:
Cladorla squamules. M e lttn e liu e.ras pe rat ula,
Panneliqtsis umbigua, Physcia spp. (P dubia or
P dbnidiqtu). trnd Xanrhoria fulva, plus yellow
and white soredia (Table 1). B ryoria fuscestens,
CladoniaJinbriata, C. crniocraea, Letfutria wipina,
PonneLiu sulccLta, and Usn ea sabsterilis were in all
lbrest types except whitebark pine (Table l).

Llchens on Burned Soi l

Peltigeru rufestens. and occasional P didactyla,
wele on burned soil in 10 of the 27 sites; they
were in 4 Douglas-tlr sites and 2 of each of the
other forest types. We saw patches of Cladonia
squamuJes not associated with downed logs in
only 5 lodgepole and whitebark pine sites. In onc
moist spruce site, Clalonia matrophylk es lormed
patches 8-10 crr in diameter We obsen'ed no other
lichen species on soil. Where grasses had regen
erated well, there were no visible mosses or l i-
chens on soil.

L ichens  on  Burned Rock

Most of the burned rhyolite observed in lodge
pole pinc stands had no retuming lichen growth.
When the rock was being recolonized, however,
the species of lichens u'ere scattered arcoles and
occasionaf apothecia of Ctmdelarielle aurella,
Lecanont runomexic.lnq, LecatD ra pol\t ropq, and
Lecideo Lttrobrunnea. Aspicil ia spp. and
Rlrizocaryton geographi.irrr, in patches of -l cm
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TABLE L Percentages ofbare bumcd wc'od and burned wood substratcs rvith i:colonizing lichens and mossc\. Flrre\t types are
listed in approrimalc ordcr iioln low to high elelations. Thc mosses Bnrtn cdespiticiunt ̂nd C?ratodon p rpurcus
usualiv sfew mixed tosethcr

Forest tyte
Number ofs i tes ( \ )

Tolal number ol bumed
wood subslrates (rv)

Lodgepole pine

t 6 l

Douglas'fir
6

91

Engelmann spruce Whitebark nine
5 5

11

Bare logs. stu ps. snags

Recolonized logs. stumps. snags

Mosses ( to|a l )

B^utL cdes?iIi.iutn,

Ceratodon p rpureus

AulaLotNtiun palustre

B t dtl t \" t he L ium ru ta bul u t tl

Rtath)tlpci m spp.

Drqd ocLadn uncinatus

Lepkbryun p\rilontte

I'lugirhe&un dentiLulat nt

h)hLiadrunnondii

Rbtidiopsis robusta

Lichens (roral)

Bttotidlksct\. en\
(' an d ( I uri ( I la du rc lld

Cldrlr,rizr squanrulcs

Cladonia ca,tio.rued

Clado iaJimbthtu

Leprurid ncuninunt

Melatrclia emxryftuulu

Pa rne I i o?s i s a,nb i sutt
Ph|scia adsce de s

Pb"scid d bia, dntiidiata

Xaiihotdmklia \p.

Sorcdia (while, yellow)

100  2 l
100 19
lJ3 ,12

83 ,12

100  55
33 ,l

l l  l
6 l  l l
l l  I
6 7 6

6 l  l 3
6 7  l l
17  l t )
6 7 6
50 .1

r00  5
100 24
1 7  l

100 3)
5 t )  3

f.s -'l.w
91  37

100  6 l
8: 6'1

82 .10

9 l
9 1

9 l

9 l

100 12

73  16
1 8  2
3 6 5

1 6 2

1 8  I
1 8  I

9
13

l

1 3

i s  7 w
80 17

100 83
100 66

100 66

l0 I
60 ,l

20 I
20 I
20 1
20 1

20 I

20 I
100 61
'10 3

100 ,t-l

40 I
tlo 1,1

:lo

2I)
20
20

1
I

,

80

:10

60

100  38
100 62
t0() ,11

1 1

20
20

'11r00

100

100

21

in diameter, were also on rock that appeared to
have been burned.

Granite boulders were somewhat richcr in re-
colonizing species. ln addition to the six lichen
species listed above, Physcia dubia, Unhilicaria
hy perboreu, and Xant horia e legans, all with th.rlli
o [  ' l  cm.  uerc  on  gran i le  in  meadou s i te . .

Distances between the center of sites and the
nearest unbumed trees werc 50-100 m in Dou-
glas-tir. 30-1600 m in lodgepole pine. 20-50 m

in Engelmann spruce. and 100 1000 m in whitebark
plne sltes.

Discussion

We hadhypothesized thlrt more recolonization and
more moss and lichen species would occur in
Engelmann spmce and Douglas-fir sites than in
whitebark and lodgepole pinc sites. because the
fonner two mature forcst types have many more
species of lichens thiin do the two maturc pine
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forest types (Eversman et al. 2002). The hypoth
eses were partially supported. Engelmann spruce
sitcs had signifi cantly higher moss recolonization
than all othcr fbrcst types. but more lichen colo-
nization than only lodgepole pine sites (Figure
1). Douglas-fir sites werc not significantly dif-
ferent from lodgepole and whitebark pine sites
in percentage of recolonized bumed wood (Fig-
ure 1). The number of l ichen species on bumed
wood was greatest in Douglas-fir sites (15 iden-
titiable species): however, Engelmann spruce and
lodgepolc pine sites cach had 1l species, while
whitebark pine had 7 species (Table l). Two large
leaning Douglas-fir trees that stiil retained some
charred bark cortdbuted to the unusually high
presence of M e lanelia exasperatula, Parneli ops is
unbi gua, P ht scia ads c e nde ns, Letha ria vulpina,
Usnea substerilis and ktnthoria Julva. Roughblrk
apparently provided an casy substratc to recolo-
nize (Romagni and Gries 2000). Engelmann spruce
sites had 10 moss species, and lodgepole pine sites
had 7 mosses (Tabf e l). Only Bryum caespiticitrm
and, Ceratodon put?Ltrsas were obsen'ed on bumed
urud in  Doug l , r ' - f i r  and wh i tebark  p in ( . i les .

In comparison to post fire observation ofmoss
recolonization in the Canadian forests cited pre-
viously. the presence of Pof tricL4zm spp. was simi-
lar to early post-fire colonization patterns there,
bu1 we recorded much rtore Bryum and Ceratodon
than in those studies. We found no Frn.?,.ic
14gronetrit:a, austal lre species: it may have been
present immediately after the fires and replaced by
Cerqtodo alldBn^um (Hoffman 1966. O'Toole rurd
SyDrrott 197 1) . Pohlia rzrlans, a common colonizer
in other bum studies (Thomas et al. 1994. Brulisauer
et ri. la96r. uas prc\enr only in rinl rLmounl\ in
Yellowstone sites. Moss growth on bumed logs was
significantly greater in Engelmann spruce sites. but
a recolonization pattem similarto that oflichens is
possible. That is, addition of species, not species
replacement. may occur

We assumed that sexual spores were the pri
mary moss propagules. Twelve of the lichens re-
colonizing burned wood are sorediate. and
Melanelia etasperatul.a ls isidiate (Table I ), ap-
parently indicating the dispersal efl iciency of
soredia and isidia, asexual reproduction sffuctures
contalning both alga and l'ungus. The non-sorediate
lichen species, Ctmdelariel!o aurella, Lepraria
cqcuntinun, and Peltigera rufest:ens, are aoun-
dant throughout the park. A11 ofthe specics iden-
tified from the bumed substrates were among the
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most common and widespread lichen species in
forests in Yellowstone National Park (Eversman
et al.2002), providing propagules for bumed sites.

We presumed that sources of propagules for
the mosses and lichens were the closest unbumed
substrates. The distance from the burn sites to
unbumed trees ranged liom 20 m in small mo
saic bums (adjacent unburned trees or across a
road or creek) to - L6 km. Lichen propagules ap-
pe ed to be somewhat more successful than moss
propagules at faveling longer distances and re
colonizingbumed wood (Figures 2, 3). The r value
for corelation between distancc to unbumed fees
and moss colonization was {.318I.andthatfor
lichens was {J.0476. The sites 1000 m from nearest
unburned trees were whitebark pine. -2530 m in
clevadon. and the site 1600 m from unbumed trees
was a dry lodgepole pine site. If moss spores
reached the sitcs. they may have had difliculty
geminaling or growing.

In Yellowstone National Park. apparently the
most common and abundant species of lichens
c . tab l i sh  them'e l res  ear l l  in  posr - f i re  'ucce .s ion
and remain indefinitely since all of the coloniz-
ing species are also present in old forests. Greater
diversity crcurs with time since fire (Pharo and
Beattie 1997), and in Yellowstone Narional Park
is related to Douglas fir and Engelmann spruce
forests, more favorable habitats (Eversman et al.
2002). Succession sequences in the Yellowstone
forests will be different from those in the conifer
fbrests studied in Canada because Clarlin a spe-
cies are not present (except in three thermal ba-
sins). Yellowstone National Park has f 'ewer
C ladonia species. and Stur"ocarl/o, is u ncorunon.
In addition. early post-fire lichens in studies in
Canadian Jodgepole pine forests included Peltigera
aphthosa and P malacea (Brulisauer ct al. 1996,
Coxson and Marsh 2001), species more charac-
teristic of mature Engelmann spruce forests in
Yellowstone.

The moss f ' lora of the park is basically
undescribed. but mosses might follow the same
pattem as lichens; the same corunon species of
mosses appear first in all bumedforest types. Later
additions may vary with different sequences or
rates of colonization in the different forest types.
If succession of mosses is similar to that of the
Canadian lodgepole pine forests (Bmlisauer et
al. 1996, Coxson :u1d Marsh 200l), feather mosses
s\ch as Pleurozium schreberi may appear 35-50
yr post-fire in moist forests.
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Figure 2. Significant coffelation between pcrccntage of burned wood recolonized b] mosscs with distance
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