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Throughout desert systems of western North America there is 
scant ground cover and often extensive open areal between the 
plants. In such open areas. soils arc exposed to powerful erosive 
impacts. When soils are unprotected. erosion can be extensive and 
$Oil losses can be great. Of primary importance in the protection of 
desert soils arc communities of nonvascular cryptogamic plants 
that grow upon or immediately beneath the soil . urface. When well 
established and undisturbed such plants form a Crult which plays 
an imponant role in soil stabilization (fletcher and Martin 1948; 
Kleiner and Harper 1972. 1977; Loope and Gifford 1972; Ander· 
son et al. 1982a. 1982b). 

Algae are the primary components of these crusts but they arc 
often accompanied by lichens and mossts (Anderson and Rush­
forth 1977, Kleiner and Harper 1972). Algae are the most effective 
in binding the soil panicles (Anantani and Marathe 1974. Ander­
son and Rushforth 1976). Where cryplogam crusts are well deve­
loped the soil surface is almost always highly stable. 

Research has been done on scveralupccts of Ihe biology of soil 
crusts and cryptogamic communities. EcoloJical relationships 
have heen studied by Anderson el al. (1982a) and Ander10n etal. 
(1982b). Species composition and taxonomic relationships of 
crusts were studied by Anderson and Rushforth (1976). The role of 
such crusts in nitrogen fixation was studied by Rychert and Skujins 
( 1974) and their effects on infiltration and sedimentation by Loope 
and Gifford (1972). However, much is yello be learned aboullhe 
role of these crusts in desert ecosystems. 

The Navajo National Monument boundary (fcncclinc) provided 
an excellent opportunity to evaluate the effectJ of grazing on the 
cryptogamic soil crusts of the pinyon-juniper zone in northeastern 
Arizona. The objective of this study was to evaluate the effects of 
long-term grazing (40 years) on the cryptogamic soil cover of the 
pinyon-juniper zone in northern Arizona (Navajo National 
Monument). 

Study Ar •• 
Navajo National Monument is located. in northeastern Arizona 
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about 30 km soulhwesl of the village of Kayenta and is the site of 
three large Anasazi Indian cliff dwellings (ruins). Betatakin 
Canyon, the. site of the present study, isa side canyon of the larger 
Tscgi Canyon complex and ha. heen described by Hack (194S). 
The major geological formation within thecanyoD is Navajo Sand­
stone. which forms sheer towering cliffs 200 m or more in height. 
The canyon floor consists of aUuvial deposits of sandy Quaternary 
fill . Kayenta Sandstone forms outcrops in the lower reaches of the 
canyon. 
Th~ annual temperatures recorded at park headquarters at 

8etatakin Canyon range from - 23°Ct038°Cwitha mean of 100e. 
The number of frost-free days in the area varies from 107 to 213, 
with an average of ISS days. Annual precipitation ranges from 17 
cm to 48 em witb a mean of 29 cm. There is • single wet season. 
lasting from late summer to fall . 

A mature pinyon-juniper commuity occurs on the mesas and 
slopes above the canyon and extends onto the large areas of 
exposed slickrock along the canyon edges. Pinyon pine (Pinus 
~dulis) and Utah juniper (Junipt'1US Os'~osJNrmQ) are consistently 
the dominant ovcrstory species of this community. 

The understory is dominated bya variety of shrubs including bia 
sagebrush (ArtrmisiD Irid~ntarQ). littleleaf mountain mahogany 
(urcocQrpus in/rica/us). cliffrose (Cowania fMxicQna). antelope 
bitterbrush (PurshiD tridentata). cliff fendlerbush (Fendkra rupic· 
ala). and roundleafbuffaloberry(ShepherdiD rotundifoliD)(Broth­
enon et al . 1980). 

M.lllod. 

Sixteen SO-m transects were placed perpendicular to the feoce­
line enclosing Navajo National Monument where topography. 
vegetation, and soil appeared comparable. Eight transects were 
placed inside the monument boundary where grazina bas been 
excluded for the past 40 years. and another 8 transects were placed 
outside the monument fence adjacent to those within the fence. 
Sampling was srarted 10 m from the fence. Grazing outside the 
monument boundary bas occurred since the late 1890's with sheep 
and since the early 1960's with sbeep and cattle. Grazing i. year 
round with the areatest utilization of the nnge being from early 
spring until late fall. Grazing pressures are moderate to heavy. 

Ten quadrats (0.25 m2) were distributed along the transects at 
S.-m intervals. Each quadrat was subdivided into" sections of equal 
Size . Percent cover of vascular and nonvascular species was esti­
mated using the ocular method and cover cla.sses proposed by 
Daubenmire ( 19S9). Nonvascular cover was estimated. and subdi­
vided into 6 classes (lichens. mosses. algae, litter, soil. and rock) 
and recorded (Anderson et a l. 1982b). Rock was included. if its 
diameter was greater than 2.S em. Frequency for all vascular and 
nonvascular species as well as the above listed general categories 
was a lso computed. This was done by notina the total number of 
quadrat sections within which a species or a general category 
occurred a nd then dividing this number by the total number of 
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Co~r Grazed Nonlrazcd sianifi~ 
eanoe 

calClOry M ... S.D. Mean S.D. 
5~1 

Alp. 13.8 IS .S 3Z.1 18.3 O.OS 
Mnu 1.1 1.1 6.8 S.6 O.OlS 
lichen 2.S 3.0 1 • . 1 9.0 0 .01 
Vucularplanu 21.. 11.2 26.0 18.S NS 
Litter 30.2 12.3 26.2 11.6 NS 
Soil .1.3 20.S 1 • . 1 10.1 0.01 
Rock 0.1 0.2 11.3 16.1 O.OS 

quadrat sections taken. The sum of all cover values often exceeded 
100% due to overlaps encountered in the sampling. The general 
importance of v.acular plant life forms (trees, shrubs. grasses, and 
forbs) was compulCd by numerically summing the average percent 
cover across .n transects of all species faUing into one of the tife 
Conn groups. Differences between the cover categories for grazed 
and nongrazed areal were evaluated using Students l-tests. 

Results and Conclusions 

Cover characteristics of vascular and nonvascular communities 
are presented in Tables 1-4. Our results demonstrate important 
impacts of grazing animals (throUgh both grazing and trampling) 
upon the vascular and nODva5Cularcryptogamic communities with 
the nonvascular communities showing significant damage (Table 
1). Data on tbe cryptopmic crusts sbowed strong differences 
betweeo the paired grazed and nongnlU:d a .. as. The areas subject 
to grazinl supported significantly less cryptogamic: cover including 
algae, lichens, and mosses (Table I). The lichens and mosses were 
the most heavily reduced by grazing activity. Algae were much 
more tolerant of grazing disturbance. This was also shown by 
Anderson et al. (198la). When individual species of mosses and 
lichens were cODiidered, the above patterns repeated themselves 
with almost all identifiable species showing reduced numbers as 
weU as reduced importance in the areas subject to grazing pressure 
(Table 2). 

Tobie l. Mea. poIUIII co ... _ ... _.nI do ... _ ror crypto-
.......................... _ ............... IaN • ..,.,N.dODaI 
M_L 

Graz.c:d Nonarucd 

Species Mean S.D. Ma. S.D. 

Mosses 
I/ryum sp. 0.1 0.2 0.6 1.0 
Grimmi4 ovoli.J 0.1 0.2 
Grimm;'" 'p. 0.4 0.1 
TorluJa ruralir 1.0 1.1 6.l 6.2 

Lichens 
Acro3pora chloropklno 0. 1 0.1 
CDnd~lamlla sp. O.l O.S 
Col_II'. 1.4 2.6 8.1 12.4 

Colkma trNJX 0.4 0.1 0.8 1.4 
Fulg~fUi4 sp. 0.4 O.S 
uctlnora crrnuUJla 1.2 2.2 
UCGnof'd sp. 0 .• 1.2 
ucidea d«ip~ru 0.1 0.1 
ucidea sp. 1.3 2.8 
ucidetl lu#llala 0.2 O.s 
uprarill .p. 0.1 0.1 
lieNn sp. I 0.2 1.0 1.3 1.3 
Lichen sp. 2 0.1 0. 1 0.2 0.3 
lieNfI sp. 3 0. 1 0. 1 0.1 0. 1 
LiCM1I sp. 4 0.1 0.2 1.0 1.2 
Tonini4 caerukonigricans 0.1 0.2 
Vsma sp. 0.1 0.1 
Xanrhoria rlrgaru 0.1 0.1 
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Percent of exposed soil in the grazed area. showed si,nificant 
increue over nonarazed areas. This was largely due to the 
deer-eued importance of the cryptogamic crusts on these sites. 
Altbough rock c~ver was significantly higher in the nong:ra.z.ed 
areas, this was not due to any animal impact but to the chance 
presence of more slichock. along one of the tl1lnsecU in the non­
grazed sites. Also in the gnlzed areas the soil was loose and there­
fore morc easily moved about by wind to cover exposed rocks. 

The vascular plant and litter cover categories showed DO signifi­
cant difference between the areas (Table 1). However, differences 
were detected wben individuallpccies and plant life fonn categtr 
riel were examined. Slcnderbush eriogonum (Eriogonum micro-­
th«um), slender gilia (GjJia leptoml:rw), and sandhiU mubly 
(Muh/~nlHrgili pung~ns) had greater average cover values in the 
grazed areas while prickly gilia (Leptodactylon pung~ns). brittle 
pricklypear (Op"ntw/ragilis). Indian rioe grass (Oryzopsis hyme­
noides), and longlongue muttongrass (Poa longi/igula) had high.r 
cover values in the nongrazed areas (Table 3). Analyais by life form 
indicated littie or no difference in cover between the paired areas 
for trees9 shrubs, and forba. However, graue. had nearly 2~ times 
more cover in the nongraz.ed than in the grazed areas (Table "). The 
frequency value. also confirm the above conclusions. 

The results of this study suggest that cryptogamic cover on 
pinyon-juniper ranges of northern Arizona is reduced by domestic 
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Species 

Trees: 
Juniperw OJlrOs~rmo 
Pinw rdulir 

Shrubs: 
ArlrmuUJ lrid~ntala 
ChrysolMmnW MUMOSW 
EcIt;fU'.)«r~w Irl,lccltidiIJlw 
Fr;ogonum miuolNcum 
Frndkra rupicola 
uploMclyJon putIIrlU 
q,lUItid frqi/U 
OpwrlUJ polyamlM 
X(l1Illtoc~plu:dum Mlrolltrae 
Yucca angwlwinuJ 

forbs: 
Andro.cr ~PI~fllrlottlllu 
Arumisia frlgidD 
ASlraga/w COflWllliJr;us 
Asl~r annosus 
Drlph/nium MUonii 
Epilobwm hOmlmtlnnii 
EriDlonum alalum 
FrilillorUJ alropUrpuna 
h1ut~mon COmD"MnUS 
Pmslrmon NlonJi 
SI~phanorJYriII lrnuifoliD 
Ttackxanlia occit:JentaliJ 
Unknown seedlings 

GrasKS: 
Bouuloua gracilis 
Mult/mlMrgill pungrlU 
Oryzopsir hJ'~noidLs 
POll longiliguJo 
SliptJ comola 

Annuals: 
IkscUTalnUz pinn4la 
Gilia leplonvria 
H~lrrolMca vil/oSQ 
Mrfllulia albkauli3 

Graz.c:d 
Mean S .D. 

2.9 4.1 
4.4 S.6 

2.1 3.4 
0 .• 1.1 

2.1 3.1 
0.2 0.6 
0.9 2.1 
0.2 0.3 
0.1 0.2 

0.4 1.2 
O.S 1.1 
0. 1 0.2 
0.4 1.1 

0.1 0.2 

0.2 O.l 
0.1 0.2 
0. 1 0.2 
0.3 O.S 
0.8 0.8 

2.0 4.0 
1.4 3.4 
0.8 U 
0.2 0.2 
0.1 0.2 

0.2 0.4 
2.1 2.4 
2.S l.1 
0.1 0.2 

Nongrazed 
Mean S.D. 

1.1 l.4 
4.6 S.S 

l .9 6.8 

0.1 0.2 
I.S 2.8 
0.2 O.S 
2.0 2.6 
2.8 4.9 
0.4 1.1 
0.2 O.s 
0.1 0.2 

0.1 0.2 
0.4 O.S 
0.1 0.2 
0.9 U 
0.2 O.S 
0.3 O.S 

0.1 0.1 
0.1 0.2 

0.4 1.1 
0.1 0.1 

35 4.1 
0.6 1.6 
1.4 1.8 
• . S s.s 
O.S 1.0 

0.4 0.4 
0.9 1.1 
3.6 6.8 
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T_4. ___ ... "-,..-................. .. 
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M= 

Co~r FRguen2 
Life form Grauel No .......... Gtuod No .......... 

Trees 7.3 6.3 20.0 14.1 
Shrubs 7.4 9.0 35.6 37.1 
Gn .... 4.5 10.5 27.3 44.0 
Forbs 6.9 7.5 40.9 43.6 

animal pazina activity. Further research iJ luuested in other 
areal and ecGSYlleDll. MOlles and lichens appear to be morc 
affected than alpe. Both total co..:r and the number of species in 
the cryptopmic community decreased under .razina. New and 
improved maRa,cment practices arc needed which consider the 
value of cryplopmic Crult cover which is important in ranaeland 
protection. Manaaement techniques favoring the maintenance of 
cryptopmic: crusts arc nol well worked out. However. Anderson et 
':1. (1982b) indicated that such manaaement practices are possible 
and should take into account the timina of grazina use to avoid the 
stason of low precipitatio~ hip temperature. and the incidence of 
torrential rains. They reuon that this i, the time period when the 
cryptopmic crusts are in an inactive stale and thus are the most 
likely to be damased by di.turhance. Further, it appears that 
periods of rest enhaocc the reestablishment of cryptopmic cover 
and therefore manaaement schemes should provide for such peri­
ods. Future research should include analyses of cryptogamic crust 
maintenance: and the relationship between crusts and established 
grazing systems. 
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