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Abstract
The purposc of thit stud) $us to idcntiiy th! lichcns.rnd no\les lound on \oils of the shrub steppe at the Hrnlbrd Sitc in
southeasrern \ \ 'ashingi .n.  T\ \e l !e s i le\  bet$een l l3 und 1.17 ln rnd one ut  807 ln e le\r l ion were intensi !e l \  saDUled.  T\rent ] -
n ine l ichen\  f fd \ i \  nrcss spceies $erc enl i t ied.Three l ichcns $ere considered unde\cr ibed species.  Based on compaf i \ ( ) l l  wi th
other\ fd ie\ .Lndhe|b.L| iUn|eco|ds.$ 'econc|udethesoi1l ichenf |o| lof theH. ln l indsi Ie issub\ tmt i
Gfear Br\ in of  of  lhe shruh-\ teppe in Id.rho.

Introduction

Throughout much of the Intermountain \\ 'est. a
cryptogamic or microbiotic cmst covers sol]re or
all ol'thc intcrspacc bclwecn \ ascular plants (Nash,
1996a). The crust is composed of water-stable
surface soil aggregates bouncl by algae. fungi. 1i
chens .  and moss  (Johrnsen,  1993:  S t .  C l r i r  and
Johansen.  1993) .

So i l  c r )p losr rn \  p l i r )  :e \e r r l  ru lc \  i rnpor r rn r
to thc structurc ol 'ccosystcms in scmi-arid rcgions
(MettiDg 1991. St. Clair and Johansen 1993 ). Soil
crlptogams can stabil izc thc soiJ. rcducing uind
and water  e r  os ion  (Met t ing  l99 l :Johansen 1993:
Eldridge ard Greene 199'1.). They contribute ni
trogcn (Harpcr and Pcndlclon 1993: JclTrics ct
al. 1992; E\ rns and Ehlcringcr 1993) and organic
crlbon (Johansen et al. 1993) to the soil. Sune
researchers have fbund an increase rn water in
fi l tration into thc soil with cryptoganric soil crusts
(Brotherson and Rushibrth, 1983). Intact crypto-
gamic clusls ciln also enhance seedling esLablish
ment in arid ccosystcms (St. Clairct al. 198.1).

The identification of the taxa of soil lichens
lnd  rnosscs  . r l  l  par t i c t rh r  lo ( r l ion  i5  i r r  i rnpor
lant l ' irs1 slcp in undcrstanding thcir rolc in struc-
turing ecosJ-stens of the area. In the Columbia
Basin. very l itt le uork has beerr done to relale
lichen species to their environment. primaril, '-

because there has been very little collecting in
the area (Ryan l99.+). An early effort by
Daubenrnire (1970) l ists 13 l ichen species and
seven rnoss species l ikell to be found in thc Ai'-
te ni s i d t ri d e r tt.ttd - A.groplron association in Wash-
in ! lun .  S '  'me u l  the  repur teJ  iL len t i l i \ ' J l iun .  \ \  c re
noted as questionable by Daubermire (l970), with
nanl'ofthe lichens onl,v klown to the genus level.
An exhaustive review (Rvan 199:l) of rvolk donc
or the lichens of the Columbia Basin of Wash'
ington found that collections have only bccn madc
in far caslcrn countics by Cookc (J955.) and in
Yakima ud Grant counties. About 32 soil l ichen
species re recognized inthe ColumbiaBasin (Ryan
199.1). Recently. N{cCune and Rosentreter ( 19951
provided a field kev to soil lichens of central and
eastern Oregon; they recognize 74 species fron
alpine to lower elevation shrub-steppe ccosyslcms
inc lud ing  ac id ic  b  bas ic  so i l s .  McCune and
Rosentreter ( 1995 ) indicate that their ke)' wil l also
inc lude nro . t  .o i l  l i c l rcn .  in  s teppe comrnun i t i c .
in eastem Washington. No repots exist on thc soil
cryptogam fl odstics iu the Afi et ni sio trid e nt dtl- Sti)a
c.r,?.r/./ associatior (Daubennire 1970) nor on thc
Hanfod Site.

The objecti le of this studl was to document
the species that constitute the l ichens and nosses
of the lou,er elevation soils on the Hanlbrd Sitc.
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\\re compare our rcsults on species lumber ancl
composition with those of prer,ious workers in
scmi-arid and arid regions of the Greilt Basin and
in the serni-arid slulb steppe. We discuss range ex-
tensions. the percent of spccics that fix nitrogen.
. rnd  lhc  (  l l i . r  , , t  s , , i l pH on .pec ies  conrpo: i t ion

Methods

The Hanford Sitc (Figure I ) in southeastem Wash
ington has cool wct \\'inters and hot dn/ summels.
Precipitation is glealcst in the fall and winter with
an annual average of 160 mm at lower elevations

,-. ;?,
Contour Interval 50 metqs
5 0 5

(Thory and Hinds 1977). Soils range lron silts
to sands (Table 1). Surlace soil pH ranges l ionr
as high rs E.9 under the canopy of,larcobnlu.l
t 'enticulotus to between 6.,1 and 6.9 at higher
elevations (Rickard and Vaughan 1988. tsolton
c t  r l  lq ( )0 .  B , , l to l te t  l l .  laa .1r . \egc ta t i , , r r r .Ln !e '
from undisturbcd shfub-steppe dominated by
Artetnisid tridefitotd, PL!rshia tridenta a, Gr4\'io
splrr.rszr, and common bunchgrasses such as
Pseudoroegneria \picqtu, Pod surtdbergii, .a'nd
Stipa cotnatu to disturbed sites dominated bv
Brcnrus tedorLull (Tablc 1.1. Vascular plant

;

l0 KilornoreN

Fisurc l. trl.rp oi lhe srudt sites on the Hanfofd Site in sorlhcancm \\hshington. Stud) site infofm.rtion is prescntcd i. Trble L
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TABLE L S.Lmple locat ion infomrat ion on rhe Hanfofd Si Ie in Benton and Ffankl in count ies.  $A, t lSA.

[ le ! .  hn) Dt)l mnt \tgerarion

Bl1

lt2ll

ts19

160

it07

1 0

161

.113

1 5 9

Ii6

1 3 3

109

268

t6 l

3 r 8

B

B l l

B2 l

B,t

B 8

BS

CS

HT

RS

T I

Rupert sand

lilll lorm. loam. sand

\Vrrd.n silt lorn

\\:!rdcn \il I lorn

Kiona s i l t  loarn

\ i l t l  lorn,  brLm, \ rnd

Ephrara sand,,- lL)am

Ritz\ i l le  \ i l t  loarn

Burbank loaln) sand

Burbank loanr,"" riand

Burbank lo.rmt srnd

Hezelsand

Pri,:rl,/.? rf id./tdlr/B unchgrrss

A f/l,,riri./ .rir.r rril.r/B unchgr.rss

A. , id?ttmllc ta\ ia stinosd
BLrnchgrass/rr)r rr rrlTrf xrr

A. , i./.r..rr.r/B unch:ras rl B. trLton!ttl

,1. ,-i.1(rr.?&r/Bunchgra! sl R. k&)nutl

A. Irid.nt ulc. Vi]los.1
BunchSrttss/D. /ir.tu,1rn

D. teLlorun/Poa sadbergii

Bunchsrass

B. t. L to tu It/P oa sandb. tgi i

A. n-id(Iktl/C. spil0sd
Bunchgrass/R. r".r,rln

Sd t.obat us \ e mticLtdt I s/l'. sdtdbe tgi i

l' triLle ltua/A. lt idtnlutu/Sti|]d t nDnkt

nomenclature primaril l  lbl lous Hitchcock and
Cronqu is t  (1973) .

Thirteen sites represenlative of a range of
undisturbed to disturbed plant communities of the
lower ele\ alions ( I 33 to 807 m above sea level)
at Hanfbrd u'ere sampled (Table I ). Each site rvas
examined b"v t$'o to six people alorg a 100 meter
trirnsect and collectors rvere convinced the-r- ac-
quilcd thc cnti le lange of species in a site. Care
was taken to prevent the samples tiom disinte-
grating because man."- of the sarnples were trom
sandy soils thal uerc not slable.

In the laboratory. specirnens were soaked in
whitc gluc and watcr for slabil ization, thcn glucd
onto 3 x 5 inch cards. They were then cataloged,
identif ied. and placed in l ichen/bryophyte pack-
cts. Vouchcr spccinlcns arc rctaincd in thc hcr-
baria of Arizona State Universit)' (lichens) and
\\hshington Strtc Univcrsity at Tri-Citics (l ichens
anq mosses).

Besults

Twenl), {ine soil lichens in 19 genera and six moss
species in fbur genera have been identilied (Table

2). Twelve (,117c.) Iichen species are of the crus-
lose gro\lth lbrm. cight (28%) arc squamulose.
seven (2,17c.) are tirliose. and two (7%) are liuti-
cose (Table 2).

Three l ichen species were previously
undescribed. The uldescribedArthoiria has black
apothccia. The undescribed Trupeliopsis sp. #l
has a snrall thallus composed of gray white ar
cdes \ ith black apothecia and the undescribed
Trapeliopsis sp. #2 has large thalli composed of
gray whitc arcolcs with orbicular soralia. Two li-
chen species were identified onl1, to gcnus lcvel
because they were steri le (Table 2). Five (17%)
ol'thc l ichcn species fix nitrogen (Trble 2). Two
of thc six lnoss species were identif ied without
thc aid of lruit ing structures and thus are tuly
tcnlativcly named.

Discussion

Our investigation of the floristics of soil clypto
ganrs lbund on the Hanfbrd Site is the most in
tersive survey to date in the stuub steppe of Wash-
ington. We conpare oul results on spccics number
and composition with those of previous workers

-52 Link et rl.



' lAt lLE 
L l - ichcns and nosses occufr ing on soi l \  of the Hanford Si l .  and i r  colnmon $i th orher studjes.  Cro$f i  lor ln (c =

cruslole. s = rquamulo\c. 1() = lbliose, fi = fiuricose). abilit! Io fix nitrogcn, and occurrence in other \iudicr I I Sl.
Cla i r  e1.Ll .  (  l99l ) .  Great  Basjn (CBl.  In lcnnourta in shrub-steppe ( ISS);2 Pearso.  andRope (1987):3,Rosenneter
(19E6)t  I  Kuhenecker (1997)1 5 -  NIcCune and Rorcntr . t r  (1995)1 6 -  D.rubenmife (1970):  I  R!an (199,1) l  are
indicated.

Gro\ilh Nitrogen I
Forln Fixer GB

I
1 S S

l,ichens

,1..i/rv.),"d 8r,og.r./ H. \'lagn.

Actwtpord srhld(heri (Ach.l A Nlassal.

A'nandutcd pu|Ltdttl (Hoffm ) Coppin\ & Schejd.

Ar/r.,rtz sp. lundescribed)
AnInntu qIehosa lnck.

Astit iliu \p. (1. trLltlr':.r group) stefile

,1r/,ir il(r rlt.rrr! (Loomrn) $ttmofe

Ct tuttuaL jmKn antitk, (!ahl) Th. F:

Cuht de tunitii Sa\tct

(irr.l(/., r.1/.r k ftgfr.r Rrsanen

Ckkl.xtu lnltht itltd \L.\ Ft.

Clddottitl !))rnluh (1,.t Hoff''].

Uol/.,r?r cf. r.,,dr (S$.) Ach.

Di pli n l Li n t \ ntu w)non (Scop. ) R.Sanl

Endocd rt,o r, I sll I mt Hed\\.

L. .d i?rru l i "g. , i i  (Ach.)  Ach

L(tuto\t 1Ltft it lscl],teb.) Rabenh.

1r

ir

Lqtt)t ltidiu|1 (1bociIin(//l (Des'n.) M. Choisr

tb
li)

Le ttu gi t |t I i. h! ttoidt \ (L.) Zahlbt.

Mas sd I onr id cdnotu lDickson) Korbcr

P?ltis.,? fli.r..nr ($Jeis) Humb.

Plr lr.or?ld .r /. rafnr lrd (Nyl.) Poclt

/Jrlr.drtr i!i./i(e,u (Zahlbi) E\sl.

P/.r( 1)r.i,.rkl sp. (steile)

Prr,"d 31,,1,i1.ft7 (Ach.j \frss.

Pr.,,zl /rrr.21lr (Tuck.) Fink

P \ord 1t ltltt ,l'litrn(laj

Trlqc l i 0p s i s \p. 1 (undescribed)

f t y t ' 1 -  ' r ' '  r r d r \ r i q . d :  J f f  , ' / r " / / " , '

N A ),tA NA

R^uDt cl trk'!pititiun Hed\i. (sterile)

Ct'ftiodjn pu4\tru!s \He(l\\.) B|ld.

(;rinnti cl tnt)nrd|d Bruch. (sterile)

TonLtld tdpi1losissitnu iaoppe) ) Urothcrus

/rr-li'1d rridir (Hedr\.) C;acrln

Shmb steppe Soil Cryptogams 53



in scmi-arid and arid legions of the Great Basin
and in the semi-arid shrub-stcppc. Wc discuss rangc
extensions and the percent ol species that f ix ni-
trogen. Finally. we discuss the etlect of soil pH
on species composition.

Species Number and Cornposi t  on

The recent review of terricolous l ichcns of thc
Intennountain Area by St. Clair et al. ( 1993) de-
scribes only 12 species in steppe habitats. Only
Urree species, Arpl. i lia repttuts, Aspicilia sp.. and
Col[etna tertax. occur in both the steppe described
in St. Clair et al. (1993) and Hanfbrd (Table 2).
ln addition. of the l2 species in steppe habitats
described in St. Clair ct al. ( 1993), 75% arc squa-
mulose or foliose and 257c are l iuticose. rvhile in
the shrub steppe at Hanford. 54 % eLre squamu-
losc or loliose, 7cl. are frulicose. ard ,11% are
crustosc. The soil lichen flora ofHanforcl is more
heavil l '  weighted to the low-stlture. crustosc,
gro\\'th fonn than the soil lichen tlora ofthe steppe
described in St. Clail ct al. ( i 993). Onl1 l i!c spccics
\\"ere conmon (Table 2) between our study and
the l ist of l3 fol the Great Basin in St. Clair et al.
( 1993). The 29 species observed in our studl'sug
gcsts that thc shrub-slcppc rt HaDlord is very dch
in soil l ichens comparcd with othcr arcas of thc
Intermountain Area. In addition. because so few
spccics arc conulon belrveen Hanford and those
also l isted in St. CIair et al. ( I 993 ) and the ditler-
ence in grouth fom distributiol, we corclude
thal thc soil l ichcn l lora of the lower Columbia
Basin rt Hanlbrd is unlikc that of lhe lnlennoun
ta in  Arer  descr ibed in  S t .  C la i r  c l  a l .  (1993) .

A survey ofl ichens at the Idaho National En
gineering Lrborator) in the shrub-steppe of south-
eastem ldaho (Pearson and Rope 1987) describes
only 7 soil l ichcn taxa tlrat arc in common u,ith
those of Hantbrd (Trble 2).

ln a study of soil rnosses and lichens in the
shrub-steppe near Boise. ldaho, Rosentretel (1986.)
recognized 30 diff!rent l ichen species. Of these,
onlv ll u'ere also found at Hanfbrd (Table 2).
Ro\cntrctcr ( 19ii6) also iclcntif icd six nross spc-
cies. of which thlee ue in comnron u.ith those of
Hantbrd (Table 2). h ruother stud,y of soil mosses
and lichens near Boise.Idaho. Kaltenecker (l997)
recognized 36 difltrent l ichen species. Of these
only 1.1 wcrc also lbund al Hanford (Tablc 2).
Kaltenecker (1997) recognized nine moss spe-
cics. ofwhich onl) thrcc arc in comnon wilh those
of Hanford (Table 2).

On the basis of studies done b"v St. Clair et al.
(1993). Pearson and Rope (1987). Rosentreter
( 1986). and Kaltenecker ( 1997) we conclude there
is l i tt lc similariLy bctwccn thc soil l ichcn and moss
tlorr ofHanford and the soil lichen and moss floras
of $c Grcat Basin or of thc ldaho shrub-steppe.

Ot t r  l i i h . ' t r  .p (c i ( .  l i . l  hJ .  In , ' re  in  (L rnnrun
uith the 7,1 species occuning on soils in ccntral
and eastern Oregon (McCune aod Rosentreter
1995) than *iLh l ichen floras of the Great Basin
(St. Clair et al. | 993). Of the l ichens identit led to
species at Hanford. six (Table 2) are not founcl in
McCune and Rosentreter ( 1995). The large num
ber  o f  spec ies  rccogn ized by  McCune and
Rosenbeter ( 1995) is a result ofinclusion ofhabitats
at high to low elevation and of basic to acidic
soils. In contlast. the 29 species in our study wcrc
tbund only at low elevations ( 133 m to E07 m).

ln Washington. in arcas gcncrally comparable
to the Hanford Site. Daubenmire ( 1970) recog
njzed I 3 representative species and genera of soil
l i ,  h ,  n .  r r tJ  Ino : \c \ .  r , l  ! \  h ich  on l r  ' c r r 'n r f t , . ie .
rvere found in our study (Table 2). Apossible reason
ti)r this dit '1'crcncc is soil substratc. The soils ex-
amined in our study ranged fiom. prinadl.v sands
10 silts (Table 1) while Daubenmirc (1970) dc-
scribes lichens and mosses lbund mostlv on loanv
or stony loam soils.

R,,rne Fv an. .^- 2' . i  ' ta pp..ant Of
Spec es that Fix N trogen

An exhausti!e survey of hcrbaria lor l ichcns of
Washington revealed all. but f ive species (Table
2) lound in oul study (Rvan 199,1). Wc report
Acurosportt geogentt ar'd Ewloturytn pusilltun
rs new records fol rrVashington. The three
undcscribcd spccics (Tablc 2) in our report \\ 'ere
rot reported in Ryan (199.1). Some of the
undescribed lichen species lbund at Hanfi)rd po-
tentially have been recognized b]' others (Mccune
and Rosentreter 1995. KalLcncckcr 1997). Civ-
ing specific epithets to them $,ill require furthcr
analvsis by soil l ichen taxonomists.

Our findings have extended the known rarge
of the Cladttnia species to Benton and Franklin
counties. Clrrdorla. I i  nb I iql.t hJs been collected
thoughout the Pacific North*est, although less
comnronly in scmi-arid interior regions (Ham-
ner 1995). Clatkutitt lttxitlata has not bccn re-
ported ilr the seni arid interior regions of the Pacific
Northwest (Hammer 1995). Our tindings are in

5+ L in l  c t  11 .



contrast to the repott that CladoniLt is not rcprc-
sented b) a singlc spccies in the soil crust coll l
munities of the Grcat Basin o[ Colorado Platcau
(St. Clair et al. 1993).

We fbund five species ( 177. ol thc soil l ichen
flora) capable offixing nitrogen at Hanford (Table
2  ' .  S t .  C l l i r  r ' l  r l .  {  l ( lq . l  I  rep , rn  un l \  unc  n i l ro
gen-lixing soil l ichen (Tablc 2) out of 3il species
(37r) tbund in the Intermountain Area. Apploxi-
mately ten percent of l ichens fix atnrospheric ni-
trogcn (Nash 1996b). With 177r, of soil l ichens
capable ofl ixing nitrogen. the soil l ichcn t ' lorr of
Hanlbrd appears relatively rich in nitrogen fix-
ll'lg specles.

So i l  pH

Lichen species composition is influenced by soil
pH (Hale 197.1. Nash 1996a). Lichens can be used
to complrte a soil pH indcx because many spe-
cier favor acidic soils. while other species lalor
bas ic  so i l s  (McCune and Rosent re te r  1995) .
Mccune and Rosenlretcr (1995.) l ist ten comlnon
species of acidic soils and ter of basic soils. Six
of onr species (Acaru sp o ra sc hl e i clrc ri. A rt hon ia
gl e bo s a. A.\ p i c i l  id re pt ons. I)ip kts t hi ste s rnus -
conun, Laptothiliunt t boci|iatunt. Placrnthie|La
sp.) lall into the acidic soil grouping while only
lwo (Cdbp[K:e toninii. Colletrur cl. tenax) are
in comnon with the tcn l istcd fbrbasic soils. This
contlrns obse atiols that the surlace soils ofthc
Filzncr-Ebcrhardt Afid Lands Ecology Reserve
on the Hanlbrd Site are slightly acidic u ith pH
values as low as 6.5 (Rickard and Vaughan 1988:
Bdton et al. 1990: Bolton et al. 1993: Johanscn
et al. 1993). Because six out of eight commor
species at Hanford fall into thc acidic soil group-
ing of McCune and Rosentreter (1995) wc sug-
-ecst that most ofthe surtace soils sampled in our
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