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NEED FOR FURTHER STUDY

Because of the rapid expansion of Or-
conectes virilis in much of Utah, expansion of
this species must be closely monitored and its
impacts upon sportfisheries and native fauna
should be documented. In addition to its po-
tential impact on native crayfish, there are
indications of negative effects of dense popu-
lations with rainbow trout recruitment and
early growth (Hepworth and Duffield, in
press), and near elimination of aquatic vegeta-
tion (Dean 1969). The effects of extensive re-
moval of vegetation on invertebrate produc-
tion and availability and diversity of littoral
zone fishery habitats also require study.

The rash of surreptitious stockings of cray-
fish in recent years demonstrates an obvious
need for a thorough public information pro-
gram regarding the possible consequences of
indiscriminate introductions. Such a pro-
gram, to be most eflective, requires basis in
fact and would alone justify well-conceived
research into crayfish population dynamics
and ecosystem interactions.

Crayfish distribution is especially poorly
documented in the western basins of Utah.
Furthermore, the collection of Pacifastacus
leniusculus in Utah County raises the ques-
tion of whether that species is more widely
distributed around Utah Lake or in the west-
ern basins. Any crayfish specimens from Utah
County or the western basins would therefore
be of particular interest.
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CRYPTOGAMIC SOIL CRUSTS: RECOVERY FROM GRAZING
NEAR CAMP FLOYD STATE PARK, UTAH, USA

Jeffrey R. Johansen' and Larry L. St. Clair®

ABSTRACT.—The effects of grazing on the cryptogamic and vascular plant communities at two sites near Camp Floyd
State Park, Utah County, Utah, were studied. The grazed site was subject to heavy grazing up until seven years prior
to the study. The ungrazed site within the park boundaries had been protected from grazing for 20 years prior to the
study and had a well-developed algal-lichen-moss crust. We found that the algae of the grazed site had recovered in
terms of degree of crusting. There were no significant differences in the algal communities of the two sites when
prevalent species were used as blocks in the ANOVAR analysis. However, when major algal groups were used as
blocks, the analysis was significant, with the more recently grazed site having lower algal frequency. This difference,
together with a few compositional differences, indicates that, although the algal community seven years following
grazing is very similar to the algal community free of grazing for 20 years, the seven-year site is still in the process of
recovery and community development. The diatom collections had a higher density in the grazed site, though the
difference was not significant. Recovery of the lichen and moss community was not complete. The lichen Collema tenax
and the mosses Bryum pallescens and Tortula ruralis were all significantly more abundant in the ungrazed area. Total
cover of the lichen and moss components of the soil crusts was significantly lower in the more recently grazed area.

Vascular cover was also lower.

Cryptogamic soil crusts are an important
component of many arid rangeland ecosys-
tems in the western United States. Such
crusts have been found to be important in
nitrogen fixation (Snyder and Wullstein 1973,
Rychert and Skujins 1974) and enhancement
of seedling establishment (St. Clair et al.
1984). The greatest benefit of cryptogamic
crusts, however, is probably reduction of soil
erosion. Soil aggregation, particularly by
blue-green algae, reduces detachment of soil
particles by wind and rain (Bailey et al. 1973,
Anantani and Marathe 1974). Improved water
penetration in crusted soils reduces runoff
and subsequent erosion (Brotherson and
Rushforth 1983). Sedimentation is also re-
duced by the increased tortuosity of surface
water pathways due to the characteristic hum-
mocking of desert crusts.

The effects of both burning and grazing on
soil cryptogams have recently been investi-
gated. Range fires can severely damage all
components of the soil crust (Johansen,
Javakul, and Rushforth 1982, Johansen et al.
1984, Callison et al. 1985). Several workers
have noted that moderate to heavy grazing can
seriously damage soil cryptogams because the
crusts are trampled by livestock. Rogers and
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Lange (1971) noted that stocking pressure was
negatively correlated with lichen cover and
that soil mobility and erosion was increased in
areas of reduced lichen cover. Kleiner and
Harper (1972) found that the effects of grazing
were more notable on the soil cryptogams
than on the vascular plant communities in
Canyonlands National Park. They also noted
that soil erosion was higher in areas with lower
cryptogam cover and observed changes in or-
ganic matter, available phosphorus, and cal-
cium in eroded soils (Kleiner and Harper
1977). The effects of long-term moderate to
heavy grazing near Navajo National Monu-
ment also showed that grazing has a more
pronounced effect on the cryptogamic cover
and diversity than on vascular plant cover and
diversity (Brotherson et al. 1983). Burros in
the Grand Canyon are currently causing ero-
sion through destruction of Tortula (bryo-
phyte) and lichen crusts (Phillips et al. 1977).
Several factors influence the development
of ecryptogamic crusts. Cryptogamic growth is
best in soils of high electrical conductivity,
high phosphorus, and high silt content (An-
derson et al. Factors, 1982). Crust buildup is
also positively correlated with soil alkalinity.
The crusts of gypsiferous soils of southern
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Utah are particularly well developed, having
high lichen and algal diversity (Anderson and
Rushforth 1976). Recovery of crusts from dis-
turbance follows several trends. Algae are the
most resistant component to disturbance (An-
derson et al. Recovery, 1982) and are also the
quickest to recover (Johansen et al. 1984).
Lichens and mosses are slower to recover.
Anderson et al. Recovery, (1982) found that
lichens and mosses had become fairly well
established after a 14-17-year period of pro-
tection from grazing. Exclosures protected for
37-38 years showed little change in the moss
flora, though lichen diversity was greater than
in the 14-17-year-old exclosures. This paper
also indicated a need for studies examining
recovery in the first 15 years following protec-
tion from disturbance.

The primary purpose of our study was to
determine the degree of recovery of the cryp-
togamic crust community in a soil that has
been protected from grazing for seven years
near Camp Floyd State Park. This study dif-
fers from past studies in that the grazed area is
compared with an adjacent area that has been
protected for 20 years rather than with an area
still under grazing pressure.

SITE DESCRIPTION

The study was conducted near and within
the boundaries of Camp Floyd State Park,
Utah County, Utah. The park is located 0.4
km southwest of Fairfield, Utah, along State
Highway 73 in central Utah and is relatively
small (16.2 hectares). It was established in
1962 with the principal point of interest being
an inactive military cemetery which occupies
only a small portion of the total area of the
park. The balance of the park has not been
developed and is dominated by an Atriplex
confertifolia—Sarcobatus vermiculatus desert
shrub community. A well-developed cryp-
togamic soil crust flora consisting of various
species of lichens, mosses, and algae is
present. The soils at Camp Floyd belong to
the Woodrow silt loam with an average water-
holding capacity of 28—30 cm of water for the
1.5 m (5 ft) profile. This soil type has a slow
permeability and is classified as a mixed (cal-
. careous) mesic, xeric torifluvent. The mean
- annual rainfail in this area is 35 cm.

From 1935 until the establishment and sub-
sequent fencing of the park area, the 1,600

JOHANSEN, ST. CLAIR: CRYPTOGAMIC SOIL CRUSTS

633

hectares of shrubland immediately around the
cemetery were heavily grazed by sheep and
cattle during winter months (October to
May). Fencing of the park property has effec-
tively eliminated grazing in the park since
1962. This has permitted the establishment of
a diverse and well-developed algal-lichen-
moss community. The area outside the park
continued to be heavily grazed until 1975, at
which time livestock were removed from this
range.

METHODS

Two permanent transects with points
placed every 2 m were established in the
vicinity of Camp Floyd State Park. The un-
grazed area transect consisted of 6 points
within the park boundaries. Data from this
transect were compared with similar data col-
lected from burned sites, and that comparison
is the basis of a previous paper (Johansen et
al., 1984). The grazed area transect consisted
of 8 points one mile south of the park. Field-
work was conducted from September to
Novemeber, 1982.

Two crust samples were collected from
each transect point at opposite compass points
0.25 m from the center of the point on 23
September 1982. Each sample was prepared
for culturing by gently crushing soil clods to a
maximum diameter of 5 mm. Twenty cm”® of
soil from each sample were placed in a steril-
ized petri dish and saturated with 20 ml of
distilled water. Samples were then incubated
under continous cool-white fluorescent light
at room temperature (24 C) for 10 days. Per-
cent visible algal cover in each petri dish was
estimated at the end of the culture period.
Frequency and relative abundance of living
algal species were also estimated at that time
by subsampling the center of each petri dish
and examining this subsample under the light
microscope. A total of 25 microscope fields
were examined for each subsample, and pres-
ence and absence of each species in each field
were noted. Permanent diatom mounts were
prepared using standard acid oxidation proce-
dures and Hyrax diatom mountant. Slides
were prepared using quantitative dilutions for
quantitative comparisons of soil diatoms (Jo-
hansen et al. 1982).

Visual estimates of total cryptogamic and
vascular plant cover were made in the field
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TaBLE 1. Average percent frequencies of living algal species in grazed and ungrazed areas. Each species was tested
using the Mann-Whitney test to determine if significant differences existed between treatments (* indicates p<<.05, **
indicates p<<.01). Estimated visible algal cover in culture dishes is also given.

Species Grazed Ungrazed
CYANOPHYTA
Anabaena variabilis Kuetzing o 4.0
Aphanothece castagnei (Breb.) Rabh. 1.0 -3
Chroococcus minor (Kuetz.) Naegeli 1.0 .3
Chroococcus turgidus (Kuetz.) Naegeli 2.0
Gloeothece linearis var. composita G. M. Smith 3
Microcoleus vaginatus (Vauch.) Gomont 55.0 57.0
Nostoc commune Vaucher 5] 10.0 *
Nostoc muscorum C. A. Agardh &)
Nostoc cf. paludosum Kuetzing .8 1.7
Nostoc species 5.5 UsTf
Phormidium minnesotense (Tild.) Drouet 27.8 15.3
Synechococcus aeruginosus Naegeli -3
Tolypothrix tenuis (Kuetz.) Schmidt 1.8 3.7
Unknown Chroococcaceae JES 4.0
CHLOROPHYTA
Ulothrix tenerrima Kuetzing .3 3.0
Unknown coccoids 16.3 23.0
BACILLARIOPHYTA
Hantzschia amphioxys (Ehr.) Grunow 18.5 26.0
Navicula mutica Kuetzing 5.0 112.8)
Navicula paramutica Bock 1.0 .3
Pinnularia borealis Ehr. .8 7,
FLAGELLATES .3 L7
TOTAL SUM FREQUENCY 137.0 173.3
VISIBLE ALGAL COVER - 16.6 36.5 **
SHANNON-WIENER DIVERSITY INDEX 2.35 ot

using a 1/4 m” circular quadrat placed at each
permanent transect point. In addition to the
1/4 m* circular quadrats, a smaller 2 x 50 cm
rectangular quadrat consisting of ten 2 X 5 cm
subquadrats was placed perpendicular to the
transect at each point and percent cover of
algal crust and lichen and moss species was
estimated. Cover was measured in November
in the ungrazed area and in September in the
more recently grazed area.

Soils were analyzed by the Soil Analysis
Laboratory, Department of Agronomy and
Horticulture, Brigham Young University, for
pH, phosphorus, nitrate, Kjeldahl nitrogen,
potassium, calcium, magnesium, zinc, iron,
manganese, sodium, copper, organic matter,
electrical conductivity, and sodium adsorp-
tion ratio. All samples were taken from the top
17.5 cm of soil for these analyses.

Mann-Whitney tests (Ryan et al. 1976)
were performed for each species to determine
significance levels of differences between
grazed and ungrazed areas. This test was used
in preference to the Students t-test (Snedecor

and Cochran 1980) because some of our data
were not normal. Shannon-Wiener diversity
indices were calculated for the living algae
and diatom communities for each transect
point (Patten 1962, Shannon and Weaver
1949). Similarity indices for all 14 stands were
calculated following the methods of Ruzicka
(1958). Four different sets of similarity indices
were calculated using lichen and moss cover,
living algal density, diatom density, and vas-
cular plant cover. These four sets of indices
were then clustered following Sneath and
Sokal (1973) to illustrate the degree of similar-
ity between grazed and ungrazed stands in the
four different plant communities. Importance
values for species of living algae and diatoms
were determined by multiplying average per-
cent relative density times presence (Warner
and Harper 1972). Species with importance
values above 1.00 were used in the subse-
quent ANOVAR analyses.

Multivariate analysis of variance adapted in
preference to the Students t-test (Snedecor
for a fixed effects, unbalanced design follow-
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ing the methods of Bryce et al. (1980) was used
to analyze differences between blocks (lichens
mosses, algae, vascular plants) and treatments
(time since grazing). Several separate
ANOVAR tests were run, including tests us-
ing the vascular plant cover data, lichen and
moss cover data, living algal data, and subfos-
sil diatom data. In some data sets the variance
of each species and group was related to the
mean. To satisfy the homogeneity of variance
assumption of analysis of variance for these
data sets, a log (x+1) transformation was used
(Bartlett 1947). With each analysis of vari-
ance, the standardized residuals were plotted
against the normal scores to give a measure of
normality. In all cases the probability plot
thus generated was subjectively judged as be-
ing normal or close to normal. Our use of
transects satisfied the requirements of sys-
tematic sampling as described by Cochran
(1977). The Duncan multiple range test was
used to determine significance of differences
between species means when analysis of vari-
ance showed significance for this factor (Dun-
can 1955). Unless otherwise stated, the alpha
level used for this test was 0.01.

RESULTS
Living Algae

The seven most important living algal spe-
cies were Microcoleus vaginatus (importance
value=55.86), Phormidium minnesotense
(20.83), unknown green coccoid (18.46),
Hantzschia amphioxys (17.06), Nostoc species
(4.59), Navicula mutica (4.07), and Nostoc
commune (1.42). Average percent frequencies
for all algal species are given in Table 1. Multi-
variate analysis of variance based on the above
seven prevalent species showed that the algal
communities of the two areas were not signifi-
cantly different. The Mann-Whitney test on
the visual algal cover estimated in the field
supported this conclusion (Table 3). The mul-
tivariate analysis did show that the species had
significantly different frequencies. Duncan’s
test showed that Microcoleus vaginatus was
significantly more abundant than all other al-
gal species. Phormidium minnesotense, un-
known coccoid green algae, and Hantzschia
. amphioxys were significantly more abundant
. than all less common algal species. The inter-
' action between treatment and species was sig-
nificant (p=.023). This was likely due to the
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Fig. 1. Interaction between living algal species and
treatment, significant at p=.023, using multivariate anal-
ysis of variance.
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fact that Hantzschia amphioxys, Navicula mu-
tica, Nostoc commune, and coccoid green al-
gae were all more abundant in the park area,
whereas Phormidium minnesotense was more
numerous in the more recently grazed stands
(Fig. 1). Microcoleus vaginatus and Nostoc
species showed only minor differences in fre-
quency between the two sites.

A separate analysis of variance was con-
ducted to compare major algal groups. When
using this data set, the difference between
treatments was significant (p=.041), the more
recently grazed plots having lower values.
The groups were also significantly different
(p<.001). Duncan’s test showed that
Cyanophyta were significantly more abun-
dant than the other three algal groups. Bacil-
lariophyceae and Chlorophyta were signifi-
cantly more abundant than unidentified
flagellates.

Nostoc commune had a significantly greater
population in the 20-years-since-grazing area
(p=.024) according to the Mann-Whitney
test. No other living algal species or groups
were significantly different at the two sites
according to this test.

Subfossil Diatoms

The nine most important subfossil diatom
species, including chrysophyte cysts ob-
served in diatom mounts, were Hantzschia
amphioxys (importance value 69.93), Navic-
ula mutica (54.96), chrysophyte cysts (46.43),
Pinnularia borealis (18.91), Navicula mutica
var. cohnii (6.06), Navicula paramutica
(3.65), Navicula mutica var. nivalis (2.42),
Navicula contenta f. parallela (2.39), and Cy-
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