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ABSTRACT

A total of 83 species of spiders were collected from the shrub, herb and ground strata of a sage-
brush steppe in northern Utah. Dominant families (Thomisidae, Philodromidae, Salticidae) and, in
some cases, genera (Misumenops, Philodromus) or species [Sassacus papenhoei (Peckham and Peck-
ham)] were similar to those found in other studies of shrub-dominated areas. Among the spiders of
this community, ambushing and wandering were more common foraging strategies than was webspin-
ning.

Habitat separation in sagebrush steppe spiders was more vertical than horizontal. Shrub and herb
spider species assemblage differed sharply from the ground spider species assemblage, less so from one
another. Differences in vegetation density, diversity and size among four study plots correlated posi-
tively with spider abundance and diversity, but resulted in less difference among spider assemblages.

Temporal patterns of spider abundance differed among strata. Seasonal patterns showed evidence
of being influenced by climate and migration of spiders between strata. Diel activity patterns were
examined only for spiders of shrub and herb strata. Spider activity in the herb stratum was strongly
influenced by light intensity, temperature and relative humidity. This was not as clear in shrubs.

INTRODUCTION

In order to understand the structure and processes of spider communities in shrub-
dominated areas, one must obtain knowledge of the distributions of spiders in shrub, herb
and ground strata. With the exception of Gertsch and Riechert (1976), few studies have
accomplished this. Most studies have examined the spiders of one community stratum.
For example, Chew (1961) and Chaplin (1976) studied the spiders of hot and cold desert
shrubs, respectively. Fautin (1946) included data on shrub stratum spiders in his study. of
western Utah biotic communities, and Hatley and MacMahon (1980) outlined seasonal
distributions of spiders in sagebrush. Turner (1962) included ground stratum spiders in
his sampling study of plants and arthropods in Arizona desert.

Other spider studies in shrub-dominated areas have concentrated on single species (e.g.,
Riechert 1974) or families (e.g., Bixler 1970). Habitat partitioning among some common
sagebrush steppe spiders was examined by Robinson (1981).
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The purposes of the present study are: (1) To describe the taxonomic composition of
the spider community of a sagebrush steppe in northern Utah; (2) To describe and
compare distributions of spider species, families and foraging strategies (ambushing,
wandering, webspinning) (a) among shrub, herb and ground strata, (b) among study plots
having a continuum of vegetation types (herbaceous—herbaceous/shrubby—shrubbyy), (c)
seasonally and (d) through the day; (3) To examine correlations of spider distributions
with climatic variables and characteristics of the vegetation (density, diversity, cover,
height, volume).

STUDY AREA

The study was conducted on the upper alluvial fan at the mouth of Green Canyon,
Cache Co., Utah (elevation 1512 m). Mean annual temperature for the area is 7.9°C;
mean annual precipitation is 46.8 cm (mostly snow); mean number of frost-free days is
145 (A. Richardson, Utah State Climatologist, personal communication).

Vegetation is sagebrush steppe, dominated by Artemisia tridentata (Pursh) Scribn. and
Smith. Other shrubs in the area are Amelanchier alnifolia Nutt., Chrysothamnus
nauseosus (Pall.) Britton, Gutierrezia sarothrae (Pursh) Britton and Rusby, and Rosa
woodsii Lindl. Grasses are Agropyron spicatum (Pursh) Scribn. and Smith, Bromus
brizaeformis Fischer and Meyer, B. commutatus Schrader, B. tectorum L., Poa bulbosa
L., P. pratensis L., Secale cereal L., and Stipa sp. Some abundant herbaceous species are
Alyssum alyssoides L., Erodium cicutarium L’Her., and Ranunculus testiculatus Crantz.,
which are very small and carpet the ground in some areas. Other common herbs on the
study site are Achillea millefolium L., Artemisia ludoviciana Nutt., Astragalus cibarius
Sheld., Balsamorhiza sagittata (Pursh) Nutt., Camelina microcarpa Andrz., Crepis occi-
dentalis Nutt., Cymopterus longipes S. Wats., Hackelia patens (Nutt.), Lithospermum
ruderale Dougl., Phacelia linearis (Pursh), Solidago canadensis L., Sonchus oleraceus L.,
Tragopogon dubius Scop., and Wyethia amplexicaulus Nutt.

Soil at the canyon’s mouth (on which were Study Plots, 2, 3 and 4) was Loamy-
skeletal, mixed, mesic Typic Calcixeroll. On the slope above the alluvial fan (containing
Plot 1) soil was Loamy-skeletal, carbonatic, mesic Typic Haploxeroll (Erickson and
Mortensen 1974). Stones were numerous on the surface of Plot 1.

METHODS

Study Plots.—Four 3600 m? study plots were established and subdivided into 12 x 12
m squares. Vegetation was sampled on the plots in June and July 1974. Density, height,
cover and volume (formulae as in Hatley and MacMahon 1980) of shrubs were deter-
mined in 10 randomly located 2 m x 8 m quadrats within each plot. Density, cover class
(Daubenmire 1959) and height class (0-25 cm, 26-50 cm, 51-75 cm, over 75 cm) were
determined for each herb species in seven 20 cm x 50 ¢cm microplots within each 2 m x
8 m quadrat.

Spider Sampling.—Spiders were sampled from August through September 1974,
June through October 1975 and May through November 1976. Three of the four study
plots burned in a range fire in July 1976; subsequent sampling was completed in the
remaining plot (#1). As a consequence, number of samples in the plots differed.
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Spiders in herbaceous vegetation were sampled with a sweep net, by taking 100 sweeps
while walking 100 paces parallel to plot grid stakes. Four 100-sweep samples were taken
at each sampling time. Subsequent samples in the same area were taken at intervals of at
least two weeks. The total number of 100-sweep samples was 458.

Shrub-inhabiting spiders were dislodged by beating shrubs with a stick, knocking the
spiders onto sheets. Three shrubs were sampled at each sampling time. Except in Plot 1,
no shrub was sampled more than once. A total of 354 shrubs were sampled.

Ground-dwelling spiders were sampled with pitfall traps similar to those of Uetz and
Unzicker (1976), but without a rim. A sampling station consisted of three pitfall traps
located within 30 cm of each plot grid stake. Each plot had 108-111 pitfalls. Pitfall
samples in the same area were taken at intervals of at least two weeks. Samples varied in
number of trap-hours; total trap-hours were 22,329.

Discussion of these sampling methods may be found in Uetz and Unzicker (1976) and
Southwood (1978). Turnbull (1973) concluded that the sampling method of choice
depends upon the community to be sampled. I chose the above methods because: (1) No
absolute densities were to be calculated; (2) Samples were to be taken by one person,
frequently at night; and (3) These methods are inexpensive, easy to use, and rela-
tively immune to equipment failure. Realizing that no completely error-free method for
quantitative sampling of small, active arthropods exists, I am satisfied that my methods
adequately surveyed the spider fauna. Graphs of cumulative sample variance of spider
families against randomized accumulated samples in each stratum indicated adequate
sampling after 50 samples (Figure 1). Similar curves for species did not quite level off

after 300 samples for shrub and ground strata, perhaps due to rare immigrants from
adjacent communities.

All spiders were picked from samples in the field and preserved for laboratory identi-
fication. Species, sex (if determinable) and body length excluding spinnerets were record-
ed for each specimen. Species were kindly identified by Dr. W. J. Gertsch.

Local Environment—Time of day, temperature, relative humidity and light intensity
were recorded before and after each sampling period. During 1975 and 1976 a hygro-
thermograph and an actinograph also recorded continuous data on the study site. Month-
ly precipitation data were obtained from a weather station in North Logan (one km from
the study site) (Figure 2).

Spider Data Analysis.—Data on shrub-, herb- and ground-dwelling spiders were ana-
lyzed separately because of the different sampling techniques used in each stratum. For
seasonal patterns, the data were grouped into 15 biweekly intervals beginning 5 May (first
sample) and ending 29 November (last sample). For daily patterns, data were numbered
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Fig. 1.—Variance in number of spider families (solid lines) and species (broken lines) in random-
ized, accumulated samples from community strata at Green Canyon, Cache Co., Utah.
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by midpoint of sampling time (e.g., 0730—0829 = 0800 hr). Data on ground-inhabiting
spiders could not be analyzed hourly, because sampling duration was greater than one
hour. (Few ground spiders were captured in one hour.)

Spider diversities were calculated using the Shannon-Wiener Diversity Index (Shannon
and Weaver 1949). Horn’s (1966) Index of Overlap was chosen to examine similarity of
spider assemblages in space and time. Any two spider assemblages scoring over 85% on
Horn’s Index were considered arbitrarily “similar’’. Huhta (1979) listed Horn’s Index as
one of six indices which gave consistent results; Linton, Davies and Wrona (1981) found
that Horn’s Index was as accurate as other overlap indices between 75 and 100% overlap.

For some analyses, spider families were grouped into three foraging strategies (ambush-
ing, wandering, webspinning; see Appendix). These categories were largely based on
accounts in the literature (e.g., Gertsch 1979) and personal observation of spider hunting.
This method assumes a constant foraging strategy within spider families. Spider families
are constructed on the basis of morphology, which is often correlated with the method of
prey capture. Post and Riechert (1977) thought that adaptive syndromes such as hunting
techniques emerge at the family level rather than at the species level in spiders.

An initial five-way analysis of variance (ANOVA) was used to determine whether
interactions between variables were significant. The five variables were stratum, plot,
year, biweekly interval and time of day. Interactions were not significant, and years were
not significantly different. Spider data for the three study years were therefore lumped,
and compared in spatial (plots) and temporal (biweekly, hourly) categories within strata
by one-way ANOVA. Student-Newman-Keuls Multiple Range Tests (SNKMRT) for
unequal sample sizes were performed on means when ANOVA was significant. (In this
paper, statistical significance is P = 0.05 or less unless otherwise noted.) Since SNKMRT is
not as powerful a test as ANOVA, it did not always detect which means were different.

Abundance of individuals and dominant spider families was regressed against charac-
teristics of the vegetation. Since sampling the vegetation of the four study plots gave only
four data points, two-variable linear regressions were employed to compare one vegeta-
tion parameter at a time with spider abundance.

Spider abundances were ,used in stepwise multiple regressions against the following
components of local environment: temperature, relative humidity, light intensity, vapor
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Fig. 2.—Seasonal weather patterns at Green Canyon, Cache Co., Utah. Monthly precipitation curves
are from the North Logan weather station; temperature and relative humidity curves are from a
hygrothermograph on the study site (1975 only).



ABRAHAM—-PATTERNS IN A SAGEBRUSH STEPPE SPIDER COMMUNITY 35

pressure deficit and hours of daylight on the sampling date. Biweekly averages of temper-
ature, relative humidity, minimum temperature and daily high light intensity during 1975
were used to test for longer-term relationships.

RESULTS AND DISCUSSION

Taxonomic Composition and Vertical Stratification of the Spider Community.—
In the present study, 11,098 spiders representing 83 species and 18 families (see Appen-
dix) were collected from a combined area of slightly over one ha (10,800 m?). Table 1
summarizes spider sampling data from shrub, herb and ground strata. When all vertical
strata of a community are examined, more spider species appear then are present in one
stratum alone. Hatley and MacMahon (1980), working only in the shrub stratum at Green
Canyon, found 40 species of spiders, as compared to 83 species found in all community
strata by the present study. Turner (1962) found that ground stratum spiders of the
Arizona desert were completely different (with the exception of one Oxyopes specimen)
from those swept from Arizona desert shrubs by Chew (1961).

Table 2 summarizes the numerically dominant spider families and species in each
community stratum. Thomisidae was by far the dominant in herbs, while Lycosidae,
Gnaphosidae and Thomisidae were numerically dominant on the ground. In shrubs,
dominant families were Salticidae, Theridiidae, Philodromidae and Thomisidae. Only two
spider species in herbs [Misumenops lepidus (Thorell) and Xysticus cunctator Thorell],
three in shrubs [Theridion neomexicanum Banks, Sassacus papenhoei (Peckham and
Peckham) and Philodromus histrio (Latreille)] and three on the ground (Schizocosa
wasatchensis Chamberlin and Ivie, Xysticus montanensis Keyserling and Drassyllus
nannellus Chamberlin and Gertsch) attained 10% of the spider fauna of their respective
stratum.

Comparing these results to those of other studies in shrub-dominated areas shows some
similarities. Fautin (1946) recorded spiders of Utah cold desert shrubs; Chew (1961)
studied spiders in Arizona creosotebush (Larrea); Chaplin (1976) worked with spiders of
Nevada greasewood (Sarcobatus) and shadscale (Atriplex). S. papenhoei, a jumping
spider, was a dominant in shrubs of Chew’s, Chaplin’s and the present study, and in one
of Fautin’s areas. Philodromus, a philodromid crab spider, was important in all four
studies, and Misumenops, a crab spider, was dominant in Chew’s, Fautin’s and the present
study.

Comparison of these four studies also revealed differences. In all studies but Chew’s,
one dominant species was a web spider. In Chaplin’s study, Dictyna, a cribellate cobweb
weaver, was numerically dominant during mid- and late summer. Metepeira foxi Gertsch
and Ivie, an orb weaver, was common in Fautin’s study. Both of these species were
common in the present study, but 7. neomexicanum, a combfooted cobweb weaver, was
the most abundant spider in shrubs. Chew attributed a relative lack of web spiders in hot
desert shrubs to flexible shrubs, wind, and less well-developed vegetational stratification
in hot deserts.

The Green Canyon study site had strong morning and evening “canyon winds”,
but sagebrush steppe has a better-developed herbaceous stratum than hot desert, and cold
desert shrubs such as greasewood, shadscale and sagebrush supply less flexible, less open
substrate than does creosotebush. Robinson (1981) reported that T. noemexicanum and
M. lepidus were the most abundant spiders collected from experimental habitat modules
placed near the Green Canyon plots used in the present study. He found that M. lepidus
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Fig. 3.—Relative abundance of three spider foraging strategies among individuals in herb, shrub and
ground strata of the sagebrush steppe at Green Canyon, Cache Co., Utah.

showed no preference for open or closed, horizontal or vertical substrate, whereas T.

neomexicanum preferred closed habitat. Hatley and MacMahon (1980), also working at
Green Canyon, found that web spiders (mostly Theridion spp.) on sagebrush preferred
dense to open foliage. They found no preference for dense or open foliage in running
spiders (mostly P. histrio). These results combine to clarify the dominance of crab spiders
(Misumenops and Philodromus) in both the hot desert and cold desert shrubs which have
been studied: they are habitat generalists. Conversely, web spiders such as Theridion and
Dictyna are probably limited in their distributions by shrub architecture.

At the species level, web spiders can be important members of shrub-dominated
communities. However, capturing prey in webs is less common than other foraging
strategies used by spiders in these areas. One spider foraging strategy reached its peak
abundance in each stratum of the sagebrush steppe (ambushers in herbs, wanderers on the
ground and webspinners in shrubs) (Figure 3). In herbs and on the ground, these respec-
tive strategies were dominant, but even in shrubs wanderers were more abundant than
webspinners. Chew (1961) found that 94% of individuals and 79% of species in shrubs
were non-webspinners (crab spiders and jumping spiders). Chaplin (1976) found shrub
spider biomass to be dominated by crab spiders and jumping spiders. Fautin (1946) found
70% of shrub spider species to be non-webspinners. In the sagebrush of the present study,
non-webspinning spiders comprised 67% of individuals and 55% of species sampled.
Herb and ground stratum spiders were dominated by non-webspinners to an even greater
degree.

Chew’s (1961) finding that the spider community of hot desert shrubs is dominated by
non-webspinning spiders can be generalized to include all strata of shrub-dominated areas.
In spite of differences in rainfall, shrub architecture and vertical stratification among hot
and cold deserts and sagebrush steppe, there remains a “shrub community spider fauna”
characterized by dominance of non-webspinning spiders.

Post and Riechert (1976) found that dominant spiders were often habitat generalists.
Most spider taxa collected from vegetation in the present study were found in both herb
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Table 1.—Characteristics of the spider community in vertical strata of the sagebrush steppe at
Green Canyon, Cache Co., Utah.

Stratum
Characteristic Herbs Shrubs Ground
No. of spiders collected 6633 2874 1591
No. of spider families 14 13 16
No. of spider species 61 55 50
diversity (H") 2.652 2.659 2.632
evenness (J9 0.645 0.664 0.673

and shrub strata. The top dominant species in herbs and shrubs (Table 2) were each over
5% of the spider fauna in the other vegetative stratum. (Each stratum had only 3-6 species
which were over 5% of the spider fauna. See Appendix.) Pairwise comparisons of Green
Canyon spider assemblages in strata showed much more similarity between the vegeta-
tional strata than between either vegetational stratum and the ground (Table 3). The herb
stratum seemed to function as an ecotone, separating typical ground and shrub spider
communities, with additional species begin most common in this “edge” habitat. This
resulted in both the highest species richness and the highest dominance being observed in
herb stratum spiders (Table 1).

Turnbull (1960) found that the field layer (herb stratum) in English oak woods
contained spiders from both ground and canopy strata. Luczak (1966, in Turnbull 1973)
attributed the greatest number of spider species and individuals to the field layer. She
suggested that this might cause competition, forcing spiders to migrate upward. Lowrie
(1968) documented movement of mature wandering spiders out of the herb stratum, into
both ground and canopy layers.

In the present study the ground spider fauna was most restricted; no ground dominant
was taken regularly in vegetation. [Robinson (1981) identified a dominant on his artifi-
cial habitat modules at Green Canyon as X. montanensis, a species which was restricted to

Table 2.—Numerically dominant spider species and families from vertical strata of the sagebrush
steppe at Green Canyon, Cache Co., Utah. Prominence of Thomisidae in shrubs is due to cumulative
abundance of several species each comprising less than 10% of shrub spiders. For number captured
and relative abundance of each species, see Appendix.

N
DOMINANTS
Stratum Family Rank Family Species Species Rank
1 Thomisidae Misumenops lepidus 1
AR Thomisidae Xysticus cunctator 2
1 Salticidae Sassacus papenhoei 2
2 Theridiidae Theridion neomexicanum 1
SRribs 3 Philodromidae Philodromus histrio 3
4 Thomisidae —— -
1 Lycosidae Schizocosa wasatchensis 1
Ground 2 Gnaphosidae Drassyllus nannellus 3

3 Thomisidae Xysticus montanensis 2











































