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SPIDER HABITAT SELECTION : AN EXPERIMENTAL
FIELD TEST OF THE ROLE OF SUBSTRATE DIAMETE R

Spider habitat selection is influenced by a va- or precise jumps to capture prey (Foelix 1982 )
riety of biotic and abiotic factors including the as found by Sinervo & Losos (1991) for lizards .
architectural attributes of the habitat (Duffey Wide substrate may improve concealment of
1966 ; Turnbull 1973 ; Colebourn 1974 ; Green- some sit-and-wait hunters (Wing 1984) and pro-
quist & Rovner 1976 ; Riechert & Gillespie 1986 ; tect some spiders from their numerous predators
Uetz 1991) . Architectural attributes include the (Wise 1993) . It may also shield non-web-dwell-
size, shape, and spatial arrangement of substrate ing spiders from incident radiation and wind ,
used by spiders . In the shrub-steppe ecosystem factors known to influence arid-land spider s
of northern Utah, four studies of spider archi- (Riechert & Tracy 1975) .
tectural preferences have focussed on aspects of I tested the null hypothesis that spider colo-
the latter factor, spatial arrangement of substrate. nization is independent of substrate diameter us-
Substrate height was investigated by Abraham ing two sets of artificial habitat modules follow-
(1983) who sampled three different strata for spi- ing Robinson (1978, 1981) . Artificial modules
ders : the ground surface (0 cm high), herbaceous have an advantage over natural vegetation i n
vegetation (< 25 cm high), and shrubs (37—73 that all architectural variables can be experi-
cm high) . She found that a pursuing guild of spi- mentally controlled . The modules I used were
ders dominated the ground stratum, an ambush- strung in the same configuration with equivalen t
ing guild dominated the herb stratum, and jump- amounts of either narrow jute rope or wide jut e
ing and trapping guilds dominated the shrub rope . Both sets of modules were simultaneousl y
stratum. Substrate density was studied experi- exposed to field conditions for colonization b y
mentally by Hatley & MacMahon (1980) who spiders . Counts of spiders from each treatmen t
clipped branches from in situ sagebrush shrubs were then compared using a contingency tabl e
to create low density substrate and tied branches analysis that tested for independence betwee n
together to create high density substrate . In com- spider identity and substrate diameter .
parison to control shrubs, there were more spider The field site used for this study is in Mil l
species and foraging guilds in high density shrubs . Hollow, Cache County, Utah, 5 .8 km northeast
Densities of ambushers and trappers were sig- of Canyon Road along U . S . Highway 89 . Lo-
nificantly higher in tied shrubs . Substrate ori- Gated on U. S. Forest Service land at 41° 42' 45 "
entation was studied by Robinson (1978, 1981) . N, 111° 42' 45" W, the site is part of a gentl y
He constructed habitat modules made of chick- dipping terrace associated with Pleistocene Lak e
en-wire cubes strung internally with several con- Bonneville at an elevation of 1707 m . It lies ap-
figurations of natural jute rope and placed them proximately 3 km south of the Green Canyo n
into a shrub-dominated habitat. Robinson (1981) field site used by the four Utah studies discussed
reported that the most common jumping spider earlier, which has since been developed and wa s
(Pellenes hirsutus (Peckham and Peckham)) pre- unavailable . Mill Hollow has a plant community
ferred vertical substrate whereas the most com- similar to Green Canyon, consisting of big sage-
mon trapper (Theridion petraeum L . Koch) and brush shrubs (Artemisia tridentata Nutt . spp . va-
an ambusher (Xysticus montanensis Keyserling) seyana), bluebunch wheatgrass (Pseudoroegneria
preferred horizontal substrate.

	

spicata (Pursh) Love), and bulbous bluegrass (Poa
Here, I focus on an architectural attribute that bulbosa L .). A 50 m x 120 m plot was estab-

has not been previously tested for spiders, sub- lished, bordered on all sides by at least 25 m of
strate size . I hypothesize that narrow-diameter similar vegetation to minimize edge effects . The
substrate may provide acceptable structure for plot was divided into 60 grid cells, each 10 m
web attachment points for some spiders and may square .
be less conspicuous to potential prey . Wide-di- I constructed spider habitat modules from
ameter substrate may improve the efficiency of chicken-wire formed into cubes 30 cm on a side,
movements by spiders that rely on swift running following Robinson (1978, 1981) (Fig . 1) . Fifteen
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SIDE VIEW "A" SIDE VIEW "B"
Figure 1 .-Two side views of the module design used in this study (after Robinson 1978, 1981), showing th e

arrangement of seven strands of evenly spaced natural jute rope . Modules are cubes formed from chicken-wir e
and measure 30 cm on a side. One set of modules contained 2 mm diameter jute (narrow), whereas the othe r
set contained 7 mm diameter jute (wide) .

modules were strung internally with 2 mm di-
ameter jute rope ; another 15 were strung with 7
mm diameter jute . Based on my observations of
vegetation at the field site and the morphologie s
of spiders collected from grass and sagebrush, I
posited that these diameters would represent a
sufficient contrast to elicit different responses by
spiders . The slightly rough texture of jute (a nat-
ural fiber) corresponds better to natural vegeta-
tion than other possible experimental substrate s
(e . g ., nylon or wooden dowels) . All modules were
strung to the same tension with the same amoun t
of jute and in the same configuration, so that th e
only architectural parameter that varies between
the two treatments is substrate diameter . Th e
design used is only one of many possible config-
urations, but is field-tested and known to be ac-
ceptable habitat for at least 33 species of shrub -
steppe spiders (Robinson 1978) . The prevalenc e
of vertical substrate may have favored coloni-
zation by jumping spiders in both module type s
(Robinson 1981) .

Each habitat module was randomly assigned
to one of 30 grid cells, and placed on the groun d
at the center of the cell for each trial . Module s
were initially placed on 8 May 1991 and sample d
for spiders eight times through 23 September
1991 . I attempted to follow Robinson's (1981 )
recommendation for a 14-day sampling interval
to maximize spider abundance on modules, but
due to weather, sampling intervals in this stud y
were slightly longer (range = 15–17 days) . Mod -
ules were sampled using a beating-sheet tech-
nique (Southwood 1978) and visually inspected
to assure complete collection of spider colonists.

Spiders were preserved in 70% propanol and

identified to species level using a taxonomic key
by Kaston (1978) and a reference collection of
Utah spiders verified by W . J . Gertsch . Each
specimen was also assigned to one of four spider
guilds following Hatley & MacMahon (1980) an d
Wing (1984) . These guilds are based on behav-
ioral observations of foraging technique and
closely correspond to taxonomic characteristics
at the family level . Jumpers (Oxyopidae, Salti-
cidae) actively track prey with advanced visua l
systems and pounce from large distances (Kasto n
1978). Trappers (Araneidae, Dictynidae, Linyphi-
idae, Tetragnathidae, Theridiidae) are sit-and-wait
predators that use silk constructions to capture
prey (Turnbull 1973) . Ambushers (Thomisidae)
are sit-and-wait predators that do not use silk to
hunt and rely on direct contact with their pre y
(Gertsch 1979 ; Wing 1984) . Typically, their first
two pairs of legs are longer than the other tw o
pairs . Pursuers (Anyphaenidae, Clubionidae ,
Gnaphosidae, Lycosidae, Philodromidae) are ac -
tive hunters that can chase and overtake pre y
along substrate using equally long legs (Turnbul l
1973 ; Kaston 1978) . For this experiment, I as-
sumed that spider preference for substrate di-
ameter was constant within each guild. The data
were collected as counts of individual spider s
within each guild for each module treatment .

A total of 119 spiders representing 26 specie s
and all four guilds was collected during 3840
module-days (Table 1) . All species collected, ex-
cept Dipoena nigra (Emerton), were found b y
Robinson (1978) in modules at Green Canyon,
and four of the eight most common species i n
each study correspond. Guild proportions also
closely match those reported from Green Canyon
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Table 1 .-Spider species list from Mill Hollow modules, arranged by foraging guild . Numbers are indicated
for both narrow and wide substrate treatments, and percentages are given for the proportion of total individual s
collected (n = 119) .

Identity Narrow Wide Total (%)

Jumper s
Habronattus hirsutus (G. and E . Peckham) 3 2 4 . 2
Metaphidippus aeneolus (Curtis) 3 0 2 . 5
Oxyopes scalaris (Hentz) 1 9 8 . 4
Phidippus johnsoni (Peckham and Peckham) 10 16 21 . 9
Sassacus papenhoei (Peckham and Peckham) 0 4 3 . 4

Sub-total 17 31 40 . 4

Trapper s

Argiope trifasciata (Forskal) 2 1 2 . 5
Dictyna completa Chamberlin & Gertsch 0 1 0 . 8
Dictyna idahoana (Chamberlin & Ivie) 0 1 0 . 8
Dipoena nigra (Emerton) 2 3 4 . 2
Dipoena tibialis Banks 2 4 5 .0
Euryopis sp . 0 1 0 . 8
Hyposinga singaeformis (Scheffer) 7 3 8 . 4
Metepeira foxi (Gertsch & Ivie) 7 4 9 . 2
Micaria sp . 0 4 3 . 4
Theridion neomexicanum Banks 3 4 5 . 9
Theridion petraeum L. Koch 2 3 4 . 2
Unidentified 0 2 1 . 7

Sub-total 25 31 47 . 0

Ambushers
Ebo sp . 0 1 0 . 8
Misumenops lepidus (Thorell) 1 0 0 . 8
Xysticus cuncator Thorell 0 1 0 . 8
Xysticus gulosus Keyserling 1 0 0 . 8
Xysticus montanensis Keyserling 0 1 0 . 8

Sub-total 2 3 4 . 2

Pursuers
Anyphaena pacifica Banks 1 0 0 . 8
Chiracanthium inclusum (Hentz) 0 1 0 . 8
Schizocosa sp . 1 0 0 . 8
Thanatus formicinus (Clerck) 0 2 1 . 7
Tibellus oblongus (Walckenaer) 1 3 3 .4
Unidentified 0 1 0 . 8

Sub-total 3 7 8 . 4
Total 47 72 100.0!

shrubs by Abraham (1983), further suggestin g
that comparisons to Mill Hollow are valid .

Although the count data are sparse for many
species, inspection suggests that some spider sub -
strate preferences may exist . Hyposinga singae-
formis (Scheffer) was more numerous on narrow
substrate whereas Oxyopes scalaris (Hentz), Phi-
dippus johnsoni (Peckham & Peckham), Sassa-
cus papenhoei (Peckham & Peckham), and Mi-
caria sp . appear to prefer wide substrate . At the
guild level, jumpers and pursuers appear to have

some preference for wide substrate, in accor-
dance with the predictions of this study, but trap-
per and ambusher preferences appear less strik-
ing.

I performed a contingency table analysis t o
statistically test Ho : Module colonization by spi-
der guilds is independent of substrate diamete r
(Table 2) . Because some expected cell courts are
low (< 5), I used the FORTRAN program CHI -
TEST developed by Romesburg & Marshal l
(1985) for the analysis which employs a Mont e
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Table 2 .-Number of spiders observed from mod-
ules compared to numbers expected under Ho : Module
colonization by spider guilds is independent of sub-
strate diameter. The calculated chi-square value fo r
differences between corresponding cells is 1 .333 .

Observed Expected

Guild Narrow Wide Narrow Wid e

Jumpers 17 31 19 2 9
Trappers 25 31 22.1 33 . 9
Ambushers 2 3 2 3
Pursuers 3 7 3 .9 6 . 1

Total 47 72 47 72

Carlo simulation routine that does not require
large counts . The program tests for contingenc y
between row and column factors by comparing
differences in the observed and expected matri-
ces from the experiment to a large number o f
simulated matrices. The simulations are base d
on fixed row and column totals provided by th e
experiment. I chose to run 10,000 simulation s
for my comparison, which estimates the true
P-value to within 1% accuracy with 95% confi-
dence (Romesburg & Marshall 1985) . The P-val -
ue obtained by this technique represents the pro -
portion of simulations that had differences in
their matrices as great or greater than the differ-
ences in the experimental matrices .

In this test, the chi-square value calculated fro m
the experimental data (Table 2) is 1 .333 . Sim-
ulated matrices yielded chi-square values be-
tween 0 .003 and 18 .797 with a mean of 3 .030 .
Over 75% of the simulations had chi-square val -
ues as large or larger than the field data (P =-
0 .7502) and so the null hypothesis of no contin-
gency cannot be rejected at a 0 .05 significanc e
level .

The lack of significant contingency between
substrate diameter and guild identity at Mill Hol -
low, in conjunction with previous results from a
similar site, suggests that substrate height, den-
sity, and orientation may be more important t o
shrub-steppe spider guilds during habitat selec-
tion. Future trials could present a larger contras t
in substrate diameters to spiders and/or conside r
spider responses to different combinations of ar-
chitectural factors (Robinson 1981) . Additional
work on determining the constancy of spider
habitat preferences within individuals, species ,
or guilds would also be useful .

Architecture constitutes only part of each spi -
der's niche (MacMahon et al. 1981), and its im-

advice during this study. The Logan Ranger Dis -
trict of the U . S. Forest Service kindly gave me
permission to use the Mill Hollow site . This pro-
ject was supported by a Grant-In-Aid of Re-
search from Sigma Xi and a scholarship fro m
The Merrie Nellis Memorial Trust .
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