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ABSTRACT 

The Effect of Architectural Variation in Habitat on a 

S·pider Community: An Ex-perimental Field Study 

with S·pecial Reference to 

Resource Partitioning 

by 

James Vincent Robinson, Doctor of Philosophy 

Utah State University, 1978 

·•Iajor Pc:-ofessor: Dr. James A MacI-lahon 
Department: Biology 

ix 

Spider co;;ununi ty acceptance of, and segregation by, architectural 

confi~uration was investigated for the spiders of Green Canyon in 

northern Utah. .~odular habitat uni ts consisting of J0.48 centimeter 

(1 foot) cubes of chic:e~ wire supporting internal strands of macrame 

jute tied in different orthogonal configurations were used. Configu

rations including all three axes were tested at two strand densities. 

The primary null hypothesis tested, that spider species use 

structures indepen~ent of architecture, was rejected in favor of the 

alternate hypothesis that spider species differentially use structures 

dependent upon architecture. Of the eight most abundant species, two 

showed preferences for horizontal substrata and one chose vertical 

substrata. All s-pid.ers strongly responded to the amount of jute 

available in each module. The two most abundant jumping spiders were 

biased toward modules with widely spaced jute, while the two most 

abundant web-builders preferred closely s:paced jute. 



Of the eight most abundant species, two species fell within 

each of the following four hunting guilds: jumpers, ambushers, 

pursuers, and web-builders. Within each :pair of species, juveniles 

of the larger species emerged earlier in each of the two field 

seasons studied. In three of the species pairs, the body lengths 

were sufficiently different to fulfill theoretical requirements for 

their coexistence based u:pon dif:erential prey size use. The re

maining species pair, ambushers, had sufficiently different cryptic 

coloration and abundance patterns to suggest that their coexistence 

was determined by a combination of microhabitat and seasonal 

separation. 

(87 pages) 
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INTRODUCTION 

Spatial segregation is one way in which spiders may partition 

habitat resources. This may take the form of horizontal or vertical 

separation, or it may be more subtly the result of differential 

·preferences for available architectural configurations. Tretzel 

(1955, in Turnbull 1973) and Chew (1961) found horizontal sepa~ation 

in spiders. More frequently, vertical specialization is reported. 

MacMahon (in prep.) observed that a species of Diguetia was consis

tently found at the same height above ground where desert shrubs of 

the ·prol:ier minimum. height were a.vaila"ole. Despite considerable 

diurnal and seasonal movement by spiders, Turnbull (1960) found 

that these spiders had highly developed vertical stratification. 

Enders (1974) reports that immature Argiope aurantia and Argiope 

tri:asciata place their webs at different heights. In late summer 

this vertical se:paration disa:ppears. Enders attributes the strati

fication of the young to competition induced by high juvenile popula

tion densities. At maturity fewer individuals survive and more 

spatial overla-p is tolerated. 

More subtle spatial segregation was found by Hatley (1978). 

She found that guilds of s:piders, based on different hunting 

strategies, differentially used experimentally manipulated sage

brush (Artemisia) in a manner which depended on the foliage density 

of the shrub. Her experimental design consisted of decreasing the 

foliage density of a set of shrubs through pruning and increasing 



the foliage density of another set of sh~ts by binding branches 

together with twine. Her results suggest that, for those species 

present, the jumping spiders were more abundant in open shrubs, 

whi~e the ambushers (subfamily Misumeninae) and web-builders were 

prevalent in denser shrubs. This is the most significant experimen

tal field study to date on the fine grained effect of vegetational 

architecture on spiders. Another experimental study of spider 

resnonse to architecture was performed on lycosid species in labora

tory terrarla (Greenquist and Rovner 1976). They furnished the 

terraria with cardboard leaves havin~ co~trolled surface areas and 

slopes. Their results indicate that Lycosa punctulata and~. rabida 

spend significantly more time on artificial foliage than do Schizo

cosa crassipes ands. saltatrix. These results lend credence to 

the concept that preferences for structural features within a habitat 

play a role in the microhabltat distribution of wandering spiders. 

~faldorf (1976) found that in an area cont3.ining numerous Mahonia 

(Berberis) aquifolilL"Tl, all size classes of spiders were distributed 

nonrandor.ily on the leaflet types of this plant. In addition, during 

the winter small spiders (1-2 mm) were found in high frequency beneath 

the leaflets at their junction with the :petiole. Other workers 

observe that habitats occ~pied by various web-building s:piders are 

affected by the availability of specific structural features (Duffey 

1962, Judd 1965). Enders (1975a) found that Argiope aurantia 

abandoned its web sites following removal of nearby vegetation. He 

suggests that this might be the result of greater wind damage to webs 

where surrounding vegetation was insufficient to provide a windbreak. 

2 



Studies of other taxa indicate an equal variety of spatial 

segregation, Anolis lizards d:.splay vertical and structural sepa

ration (Andrews 1971, Rand 1964, Williams 1972). MacArthur (1958) 

in a classic study of sym·patric ·tfarbler species found that each 

SP9cies is differentially partitioned from others within conifers 

on the basis of tree architecture. 

Differential use of food is another common form of resource 

·partitioning, In higher animals this often occurs through prey 

prefe::cence, which may result from search image development (Craze 

1970; Holling 1965; Tinbergen 1960, in Edmunds 1974), The Ques

tion of whether s:l)iders demonstrate ·prey preference is rather 

controversial. One common view is that spiders are very catholic 

in their food preference and will eat most living animals of the 

appropriate size that they can obtain (Savory 1928). Surely most 

spic.ers feed on a wide range of organisms (Jackson 1977, Riechert 

1974), although data exist indicating rejection of ap:parently 

potential prey by some spiders (Bristowe 1939, Turnbull 1960). 

Even in a case where prey rejection was reported, a species fed on 

150 of the 153 prey species available in the habitat (Turnbull 1960). 

Despite the apparent euryphagous predation by spiders, food 

resource -partitioning is still feasible if some attributes of a 

spider species' ecology make some components of the prey s:pectrum 

differentially more available to it than to other spiders, Discrimi

nant use of the habitat architectural continuum is a plausible 

mechanism, Another predatory characteristic influencing prey availa

bility to any s·pecies is its hunting strategy (Cody 1974, Diamond 
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197 5). This may influence spider community structure (Balogh and 

Laska 1974, in Turnbull 1973; Enders 197 5b; Hatley 1978; ?etrusewicz 

1938, in Turnbull 1973; rJetz 1977). Spiders have adaptively radiated 

leading to considerable variation in hunting strategies (Gertsch 1949, 

Kaston _948). These strategies may be grossly lumped into four cate

gories: pursuers, a.r'.l bus hers, jum-pers and web- builders. Each of 

these categories may conceivably be broken into numerous subcate-

gories. 

Temporal variation in spider abundance and activity patterns 

may also affect prey availability. Uetz (1975) found that seasonal 

species richness patterns of a spider community were strongly corre

lated with the pattern of seasonal insect abundance. He suggested 

that increases in prey abundance permit more predatory niche overlap, 

hence more spiders might temporally "fit" into the community. Tretzel 

(1955, in Turnbull 1973) felt that temporal variation was important 

for spider species coexistence, 

Finally, one of the most common methods postulated for sympatric 

species of similar ecologies to partition food is the choice of 

different sized ·prey (Andre 1978, Dumas 1956, Hespenheide 1971, 

Schoener 1968). Food :preference studies are difficult, especially 

with spiders (Turnbull 1973), thus investigators are often forced to 

make inferences about likely prey from morphological features of 

the predators (Hutchinson 1959, Lack 1947). Often when reasonable 

inferences like this are subjected to experimental scrutiny, they 

are substantiated (Bowman 1961, Holling 1964). Such inferences 

usually assume that a predator's body size or feeding apparatus size 
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will reflect the relative size of suitable :prey (Hutchinson 1959, 

Schoener 1969). This assum:ption is su:pported for the spider Phiddi·pus 

johnsoni, ~,hich captured :prey one quarter to three quarters its size 

(Jackson 1977). Enders (1976) inferred from linear body measurements 

of several midwestern lycosid species that coexistence is based on 

use of different prey sizes. 

Much of the conce·pt of food partitioning, based on inferences 

made from measurements on the predator, originated from the obser

vations of Hutchinson (1959) on corixid insects and his tabulation 

of data concerning syrrrpatric birds and mammals. He concluded that 

sympatric species of similar ecologies are separated by a mean ratio 

of 1.28 (range 1.1 to 1.4) for linear body measurements correlated 

with feeding. He also suggested that organisms obtaining their own 

nourishment throughout life, and that have an~ual life cycles, are 

under different selective pressures than those which procure most of 

their own food at or near their adult size. He hypothesized that 

for coexistence of sympatric species of the former type, the larger 

of the two must begin its develop:nent prior to the smaller. This 

second hypothesis has not been verified. Enders (1976) used field 

and laboratory data obtained from the literature to su:pport this 

theory when applied to lycosid spiders. Turnbull (1973) conjectured 

that " ..• except perhaps immediately after spiderling dispersal from 

the family cluster, probably few spiders starve." If this is true, 

then the time of juvenile emergence (the seconi instar) may be the 

focus of the majority of competitive selection. This reasoning is 

strengthened further by his observation that " ... female spiders 
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:prod;;ce an average of well o•rer 100 eggs, most spiders die before 

maturity." ·ihile this second instar sta1se may be most important 

to s·piders, com·petition for food during later stages may still 

affect fitness, hence selective :pressures will :probably operate 

to reduce this competition also. 

>:ay (1975) demonstrated that, for mathematical models of species 

com·peting along a single resource dimension, the :persistence of the 

community is dependent upon all species using the resou:::-ce in a 

sufficiently se:para te manner. He concluded that the mean value of 

a species' utilization of the resource must be se:parated from the 

mean value of the species with the most similar resource use charac

teristics by approxL~ately one standard deviation of its utilization 

function. ~1hen this criterion is a:pJ:ilied to food resources and 

projected back onto the morphological features of the predator, May 

concluded that sympatric predators must have their linear dimensions 

separated by a ratio of 1.2 to l.L~ for them to successfully coexist 

in one resource dL~ension. He further suggested that these ratios 

can be reduced when multiple resource dimensions are being used. 

May's analysis provides a theoretical basis for Hutchinson's empirical 

otse~vations. 

So~e aspects of resource use of spiders near Green Canyon, 

northern Utah were studied to address some of the aforementioned 

hypotheses. Emphasis was placed on assessing spider community 

accepta..c3 of, and segregation by, architectural configuration. 

The primary null hypothesis tested, along with its alternative, 

may be stated as follows: 
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H
0

: Spider species use structures inde-pendent of architecture. 

H1 : Spider species differentially use structures dependent 

u-pon architecture. 

In add.i tion, data ·pertaining to the juvenile emere;ence dates, 

the seasonal abundances and the nominal body lengths o~ the most 

abundant species collected were appraised as possible factors 

permitting coexistence. 
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PLOT DSSCRIPTION 

The research site used was the same aG that studied by Hatley 

durin['.; t:1.e field seasons of 1974 and 1975, She describes the area 

as being 

.,, located J.2 km (2 mi) northeast of Logan on the 
3onneville Lake terrace of the 3ear River Range, 100 rn 
south of the mouth of Green Canyon, Cache County, Utah, 
'.•!e3.n annual preci·pitation is between JS, 1 and 4J,2 cm, 
mean annual temperature is between 7 and 9 °c, and 
frost-free days average between 100 and 120 (CSDA Soil 
Conservation Service and Forest Service, 1974). The 
plot is at an elevation of 1477 rn and faces so'Jthwest 
(22% slo;_:>e), Land is used mainly for watershed and 
wile.life, 

The area is dominated by big sage (Artemisia 
tridentata). Other shrubs present include ?urshia 
tridentata, Gutierrezia sarothrae, Chrysothammus 
nauseo2;u.s, Ilajor herb and forb species include Balsa
morhiza sagittata, Wyethia amplexicaulis, Bromus tec
t:Jru~, 3.nd Bromu.s brizaefor:;iis, (Hatley 1978, p,----i+}" 

Hy sar;q:iling, conducted during the 1976 and 1977 field seasons, 

occurred on the Bonneville bench section of this plot, thus level 

sites for the modular habitat units were available. 
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Descriotion of habitat 
modules used 

METHODS 

Spider community acceptance of ten sets of six different archi

tectural con=igurations was tested for two field seasons (Table 1). 

Externally, these structures consist of 30.48 cr.1 (1 foot) cubes of 

2.54 cm (1 in) mesh chicken wire; internally, various designs were 

constructed from five :ply macrame jute. The "basic cube" (referred 

to as 222) consists of sets of parallel strands of jute arranged at 

intervals of 5.08 cm (2 in) in each of three orthogonal directions 

(Fig. 1). '.lithout altering the density of jute along any axis, 

four modifications of this basic design exist. These four configu

rations logically fc.11 into two pairs of struct;1res in which both 

member configurations can be made identical by a 90° rotation of 

one of them. The first pair of configurations is comprised of cubes 

with no vertical component (referred to as H22) and cubes with one 

set of orthogonaJ. horizontal strands eJ.iminated (referred to as '✓ 22) 

(Fig. 2). The H22 and V22 modules can be aggregated under the 

heading _l22 which refers to the jute arrangement common to both 

(i.e., a set of parallel strands of jute every 2 inches arranged 

perpendicular to an identical set of parallel strands). The second 

:pair consists of cubes with only vertical strands (referred to as 

V2) and cubes with only parallel horizontal strands (referred to as 

H2) (Fig. 3). The H2 and V2 modules can be combined under the head

ing 112 which refers to the jute arrangement common to both (i.e., a 
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Table 1. Pertinent physical dimensions of the six architectural configurations of 

modules tested 

Configuration 

222a 

[

H22a 
122 

V22 

112 l H2 

V2a 

lj,lµ.j,a 

Spacing of strands along axes (cm) 

Vertical 

5.08 

N.A, b 

5.08 

N.A. 

5,08 

10.16 

Horizontal 
#1 C 

5.08 

5.08 

5.08 

5,08 

N,A, 

10.16 

Horizontal 
#2c 

5.08 

5.08 

N,A, 

N.A. 

N,A, 

10.16 

Linear 
Substratum 

Available 
(meters) 

51.2 

34.1 

34.1 

17.1 

17 .1 

18.3 

aColonization trials were run on these configurations. 
~ot applicable. 
cHorizontal Wl refers to horizontal ~arallel strands; Horizontal #2 refers to horizontal 

parallel strands in an orthogonal direction to Horizontal #1. 

I-' 
0 



Figure 1, Photographic comparison of modules 444 and 222 



Fie;ure 2, Photographic comparison of 122 (V22 and H22) modules 

I-' 
I'\) 



Figure J. Photographic comparison of IJ 2 (V2 and H2) modules 

f---' 
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set of :parallel strands of jute every 2 inches). These five sets of 

architecture were designed to indicate which and how many substrate 

dimensions are of significance to different species. 

An additional variation of the basic design was tested, This 

variation (referred to as 44,LJ,) consisted of removing every other 

strand of jute, in each of the th~ee orthogonal directions, increas-

ing the s·_pacing between strands to 10,16 cm (4 in) (Fig, 1). Spider 

acce:ptance of this configuration versus the :previous five gives an 

in~ication of the effect structural density has on their microdis

tribuU.on. These results were COI!'pared with the study by Hatley 

(1978) in 'tThich shrJ.bs were made more or less dense through pruning 

Callee tion and extr2.ction. A sample consisted of collecting a 

c:..ibe which had been left in the field for a predetermined nuTT1ber of 

days, cu·oes were placed in muslin bags and transported to the 

laboratory, During handling of the 1055 Sa.Iilples taken in this 

manner only one individual was seen to leave a cube during bagging, 

14 

In the laboratory each cube was placed into a large funnel for spider 

extraction. All bags were carefully examined for spiders lost from 

cubes. The funnel led to a bucket of water. Floating spiders were 

transferred to vials of ?Cf:~ ethanol for preservation. To extract 

the spiders, each cube was banged against the inner surface of the 

funnel repeatedly and :periodically rotated so that each side of the 

cube was oriented toward the bottom for at least ten blows. This 

technique yielded over three thousand spiders. Approximately fifty 



cubes were re processed a second. time to estir1.ate the technique's 

effectl·r8ness, Only four additional individuals were obtained, Each 

cube was repaired following sampling, This hand manipulation reveal

ed no new individuals, suggesting that the sampling method was ade

q-..i.ate, Species identification was aided by collections developed 

by Hatley and Abra!:-iam and determined by ',{. Gertsch. 

S·pider id.entifica tions and measure:nents. All spiders collected 

were identified to species with the exception of several members of 

the subfamily ~rigoninae, Spider body lengths were measured using 

low power on a '.HLD model ?•14 binocular microscope fitted with an 

ocular micrometer; this permitted resolution to approximately 

0,07 mm, Spinnerets were not included in measurements. 

Insect identifications and measurements. In addition to 

s·piders, all other invertebrates (predominantly insects) ·,rere 

collected. Some bias was introduced in this procedure because it 

was not uncommon for active wingen forms to escape from the funnel. 

However, the data pert3.ining to insects collected probably repre

sent a reasonable indicator of relative prey availability, The 

insects were separated taxonomically to order and their body lengths 

were measured. Ovi:positors were not included in measurements, 

Collection of colonization data. During the first field. season 

the majority of traps were left in the field for eight consecutive 

days, others were sampled at different intervals (1, 2, 4, 8, and 

16 days) to obtain colonization rate data. While preliminary coloni

zation data were being collected, structural types H2 and V22 were 

rotated 90° to increase the sample size of the V2 and H22 modules. 

Hence colonization data are pertinent to structures V2, H22, 444, 
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and 222 only. After evaluating the preliminary colonization data 

it was decided to sam:ple at fourteen day intervals in 1977. 

Analytical procedures 

Patterns of s·9iders as a grouo. Iri 1977, following the review 

of 1976 data, a randomized complete block experimental design was 

I / ) used (Ostle 19cJ. The blocks consisted of groups of all six 

conficurations aggregated :proximate to each other. This design 

·ras maintained for 38 sampling dates. Its purpose was to test the 

null hypotheses that the total number of s-oider individuals per 

module and the species richness per module were independent of the 

structural ty-pss of the modules. These hypotheses were examined 

usins one way analysis of variance (ANCVA) tests. Prior to analysis 

it was necessary to modify the data, due to the moderate number o:.: 

occurrences of zero spiders within the samples. Zeroes in the data 

precluded the assum·ption that the underlying statistical distri

butions were normal. To obviate this problem, couplets of sampling 

dates were randomly chosen from among the 38 available, The data 

within each couplet were summed and the analysis of variance was 

applied to these summed data. By invoking the central limit theorem 

of statistics (Miller and Freund 1965) it can be shown that these 

summed data have a normal distribution. Following the analysis of 

variance, Duncan's multiple range test was used to determine which 

structural cou:plets were used in significantly different ways by 

the total spider community. 

Choice of abundant species. All species for which fifty 

individuals or more were collected during the two field seasons 
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were considered S' fficiently abundant to warrant individual analysis. 

Because of the relatively low numbers per sam-ple for any one species 

and the corres"9ondingly high number of samples which did not contain 

any individuals of these species, the statisti::::al distributions could 

not be assumed normal, but instead were assumed Poisson. This created 

difficulties with precise statistical analysis because apparently no 

mul t:::ple-com·parison test for Poisson :populations with lmr mean values 

is available (Lehman 1959). However, two-sample com:parison tests are 

availabl (Hoel 1945, Lehman 1959). 

Sffect of horizontal vs vertical su1-JStrata. All sufficiently 

abundant species were evaluated for their proclivity to horizontal 

vs vertical substrate. This was tested for each species by making 

pairwise comparisons of structures H2 vs V2 and H22 vs V22. The 

probabilities that the mrnber of individuals of each species found 

in those structures with only horizontal substrate would be equal to, 

or greater than, the number actually found due to chance, were then 

ranked and a Yruskal and fallis mul ti-sam:ple test for identical 

:populations, sensitive to uneq·1al locations, was performed (Bradley 

1968). This test was applied to determine whether the species in 

this snecies set were using these habitat modules in a significantly 

different way due to the amount of horizontal vs vertical substrate. 

Zffect of open vs dense modules. Due to the rotation of the 

H2 and V22 structures for colonization trials and their analogous 

rotation durin~ surface area tests (to be described later in this 

section), V2 and H22 structures were sampled more often than the 

H2 and V22. However, both the H2 and V2 have the sa!lle basic 



architecture of parallel strands of jute s·paced 5.08 cm (2 in) aJ:Jart, 

while the H22 ancl ",'22 units consist of two sets of parallel strands, 

each o:: which is SJ)aced. 5. 03 cm (2 in) apart, arranged perpendicular 

to each other. The next set of analyses lum·ps H2 with V2 under the 

common heading 112 and '/22 with H22 under the headine; 122. All data 

collected. during both ::ield seasons were then used in a series of 
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six sets of pair~rise com_parisons of the relative use these type struc

tures had by the abundant spider species. Since these populations 

ex:press Poisson distriht.:.tion properties, stat::..stics analogous to 

those nresented above are used. Due to independence constraints, 

when the i(ruskal--,fallis test was applied, only three sets of :pair-

wise comparisons were used. These comparisons were chosen so that 

a structure of o:pe!1 aspect (444) was compared with each of the three 

other more closed a-p-_pearing uni ts (i.e. , 112, J?2, 222). 

An analogous data analysis :procedure was followed to the one 

described in the above ·paragra·ph. However, instead of assuming 

the null hypothesis that all cubes have equal utilization :probabil

ities, it was assumed that every centimeter of jute had an equal 

probability of use. 

Additional experimental designs 

Effect of exposed surface area of module. To assess the effect 

that different amounts of available cube surface area have on SJlider 

response to architecture, an experiment was designed consisting of 

a cluster of four identical habitat modules immediately adjacent to 

each other that were surrounded by four similar cubes each standing 

separately (Fig. 4). This design was used for twenty five sampling 



Figure 4. Arrangement of modules during experiments testing the 

effect of module exposed surface area on spider use 
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dates, durin:?; ,hich one hundred clustered cubes and one hundred 

soli-::.2.ry cubes were sampled. The data were analyzed via a :pairwise 

com:parison of the number of spider individuals in the solitary 

versus the clustered cubes, cnce :nore usin,; a test for two Poisson 

populations. During this mani:pulation the H2 and V22 structures 

were rotated to provide additional data for the V2 and H22 configu-

rations. 

Effect of total ,jute removal. A final experiment involved. 

sampling a cube of chicken wire whic!1 contained no jute. This 

cube was sampled ten times to evaluate the potential effect of 

spider use of the juteless wire. 

Determin2:tion of nominal body 
lengths and ,iuvenile 
e:nergence dates 

Data pertaining to the number of individuals collected per ten 

day interval a~d the measured body lengths of the most abundant 

species were plotted as functions of time. Individuals were se9ara

ted into two cohorts, assumed to represent current and previous 

years' animals. Se:paration was based on either the presence of 

adult characteristics or the a:p·proximate body size expected for a 

given date. This latter method has precedence in entomology (Drooz 

196 5, Enders 1976), Linear regress ion analyses were then :performed 

on the body length data for each abundant species, The current 

year's cohorts were separately analyzed for the 1976 and 1977 field 

seasons, while the previous year's cohorts were analyzed only for 

the 1977 field season (the beginning process in 1976 was sufficiently 

delayed so that only marginally complete data were obtained). The 
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regressicns of body length on Julian date were tested. to insure 

signifi8ant nonzero slopes using a standard F-ratio test, Only 

those sections of the lines were e;raphed that coincided. with the 

range of collection dates for the cohort. The earliest emergence 

date for which individuals were collected ;,as thus indicated for 

each abundant species by the left most ·portion of its regression 

line, To minL~ize the visual effect of extreme values, the 

beginning of the second quartile of individuals and the end of the 

third quartile were marked with brackets on the regression lines, 

T:-iese quartiles refer to the n-..1.mber of individuals, of that cohort, 

collected during the res·pective field season, 
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RESULTS 

s·_piders as a group 

Speciinens collected. This study includes 3025 s:pi:lers, repre

senting 12 fa~ilies, 35 genera and 45 species (Table 2). These 

soocies ex:pressed a broad tolerance for a variety of architecture. 

This was exhibited by the fact that no structural configuration 

type had fewer than 33 nor more than 40 s:pecies. No abundant species 

was missing from any unit type. More than 50 individuals were 

collected for only 8 species (Table 3). These 8 species constituted 

71% of the total number of individuals collected. The next 8 

species amounted to less than 10% of the individuals. Two each of 

the most abundant 8 species had been assigned to each of the four 

major hunting guilds prior to experL~entation (Table 3). 

Colonization data. Colonization data (Table 4) were obtained 

for four structural types (V2, H22, 444, 222). While it is obvious 

that those cubes left in the field longest had greater numbers of 

individuals and species, there was no apparent asymptote in these 

values. In fact, a _1?2 module which was lost from sampling, due 

to vandalism, for 71 days before being located was found to have 

11 individuals. These were significantly more individuals than would 

be found due to chance in modules left in the field for 16 days or 

less (P = 0.037). 

Differential use of modules. In aggregate, spiders responded 

differentially to the structural types provided for them. This 

differential use was statistically significant when analyzed 
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Table 2. List of spider species collected in Green Canyon 

during this study 

Argio:pidae 

Ac12la-peira 1:iackardi (Thorell) 

Araneus gemma (McCook) 

Argiope trifasciata (Forskal) 

Hyposinga sinsaeformis (Scheffer) 

r.-:etepeira foxi Gertsch and Ivie 

Clubionidae 

Castianeira sp. 

Chiracanthium inclusum (Hentz) 

Di-::tynidae 

Dictyna idahoana Chamberlin and Ivie 

Dictyna completa Chamberlin and Gertsch 

Gnaphos idae 

Drassodes saccatks (Emerton) 

Herphyllus sp. 

Liny:phiidae 

Erigoninae (Unidentifiable) 

F'rontinella communis (Hentz) 

Meioneta SJ>. 

Spirembolus mundus Chamberlin and Ivie 

Lycosidae 

Schizocosa sp. 

Mimetidae 

Mimetus aktius Chamberlin and Ivie 

Oxyopidae 

Oxyopes scalaris (Hentz) 

Salticidae 

Metaphidippus aeneolus (Curtis) 

Metaphidippus helenae Chamberlin 

Meta:phidip-pus verecundus (Chamberlin and Gertsch) 
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Taole 2. Continued 

Salticidae (Continued) 

Pellenes hirsutus (Peckham and Peckham) 

Phidi-ppus johnsoni (Peckham and Peckhan;.) 

Sassacus papenhoei (Peckham and Peckham) 

Synagales sp. 

Tetragnathidae 

Tetra~natha laboriosa 

Theridiidae 

Di~oena tibialis Banks 

Euryopsis scri·~tipes Banks 

Enoplognatha ovata (Clerk) 

Lactrodectus hesperus Chamberl~n and Ivie 

Steatcda americana (Emerton) 

Theridion neornexicanum Banks 

Theridion petraeum L. Koch 

Theridion rabuni Ch~~berlin and Ivie 

Thomisidae 

Mismr.eninae 

Hisumeno-ps asperatus (Hentz) 

Misumenops le-pidus (Thorell) 

Xysticus cunctator (Thorell) 

Xysticus gulosus Keyserling 

Xysticus montanensis Keyserling 

Philodrominae 

Ebo evansae Sauer and Platnick 

Philod.romas californicus Keyserling 

Philodromas histrio (Latreille) 

Thanatus formicinus (Clerk) 

Tibellus chamberlini Gertsch 

Tibellus oblongus (Walckender) 
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Table 3. Relative abundances and hunting strategies of the 

eight most abundant species collected 

Species 

The rid ion neomexicanum 

~lisumeno-ps lepidus 

Theridion petraeum 

Sassacus pa-penhoei 

Thanatus formicinus 

Pellenes hirsutus 

Xysticus montanensis 

Oxyopes scalaris 

% of total 
individuals 

captured 

28.10 

9. 79 

7.87 

7.44 

7.40 

5.09 

3.07 

2.12 

Hunting Strategy 

web-builder 

ambusher 

web- builder 

jumper 

pursuer 

jumper 

ambusher 

pursuer 
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Table 4. Colonization data regarding architectural types \ r? ~, h44, H22, and 222 based on the number of 

consecutive days the modules were left in the field 

--- --~-· ---·--·--------- .. ------··- --·-•------ ·---- - -

Type of Structure 

--------
Days 
out V2 444 H22 222 

Samp. Mean Mean Samp. i•C:ean Mean Samp. Vean Mean Samp. l•\ean I t•Jean 
size ind./ s:pp. / size ind,/ sp·p. / size ind,/ spp, / size ind,, I spp./ 

sample sample sample sam·plc sample saITple sar.rple samole 

l 10 1.38 1.00 9 2.00 2.00 10 1.50 1.20 9 1,00 1.29 

2 9 1.22 0,82 7 1.67 1.14 9 2,00 1,67 7 2.43 1.57 

4 11 o.83 1.20 10 1,56 1.33 11 2.42 1.83 10 2. 18 2.00 

8 54 1.35 1.11 55 2.36 1.78 54 1,64 1.20 55 3.JO 1.93 

14 120 2,31 1.57 54 2.16 1.50 120 4,05 2.20 5~- 5,15 2,78 

16 42 2.47 1,63 28 3.07 2,31 42 5.22 2.39 28 5.7J 3,40 



on the basis of the total number of i.~dividuals per random couplet 

of identical units (Table 5). A Duncan multiple-range test applied 

to these data indicated that the mean number of individuals in V2 

was not significantly diffe:!."ent than the mean number in H2, but 

both means were significantly less than the mean number in any other 

strictural type. There was no significant difference between 444 

and H22; 444 was significantly less than V22 and all cubes had 

significantly lower means than 222. Finally, V22 and H22 were 

not significantly different. 

Analysis of species richness variation in this randomized 

com~lete block experi.Bent indicated that there was a statistically 

significant difference between different structural types (Table 6). 

The Duncan multiple range test indicated that architecture type 222 

had significantly more species using it at any given time than any 

other type configuration. All other configurations showed no 

significant difference in species richness from each other. 

Abundant sµecies 

Effect of horizontal vs vertical substrata. Comparisons made 

on the eight most abundant species for their preference of hori

zontal or vertical substrata suggest that Xysticus montanensis 

prefers horizontal strands of jute over vertical strands, as does 

Theridion neomexicanum (as demonstrated by the higher frequency of 

its collection on H2 than V2) (Table 7). Pellenes hirsutus prefers 

vertical strands to horizontal strands ( cf. , H22 and V22) . The 
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Table 5. Results of one-way ANOVA testinG the null hy·pothesis 

that spider individuals use random couglets of the 

san1e architecture with equal pro'bability inde :.Jendent 

of architecture 

Source of Degrees of Su:n of :-1ean 
Variation Freedo:n Squares Squa::re F-Ratio 

4.82 * Treatment 5 195. 27 39.05 

Error 102 826.83 8.11 

Total 107 1022.18 

*Reject null hypothesis at a = o. 001 
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Table 6. Results of one-way ANOVA testing the null hypothesis that 

spider species richness in random couplets of the same 

architecture is independent of architecture 

Source of Degrees of Sum of Mean 
,lariat ion Freedom Squares Square F-Ratio 

l0J.18 20.63 * Treatments 5 4. 76 

Error 102 442.JJ 4.JJ 

Total 107 

*Reject null hypothesis at a= 0.001 
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Table 7. Probabilities that -:-he nu;nber of individuals of the 

eight abundant spider species found in unit A are ~ 

the nwnbers in u.iit B. A and B are defined in the 

table. 

Structures Compared 

Species 

A=H2, B=V2 A=H22, B=V22 

Sassacus nanenhoei 0.3063 o. 5993 

Pellenes hirsutus 0.7282 o. 9579 

:,1 is umenops lepidus 0.6563 0.6108 

Xystic s montanensis 0.0313 0,0234 

Thanatus formicinus 0.6865 0,5433 

Oxyor:ies scalaris 0.3770 0.6531 

The rid ion neomex:l.canum 0.3982 o.8948 

Theridion :petraeum 0.0081 0.1817 
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statistical significance of these findings is a moot :point because 

of the necessity of making palrwise comparisons instead of multi

sample comparisons, 

The results obt2.ir:ed _ron the above pairwise com:parisor.s 

Here analyzed with a J:ruskal-:fall:i.s test to deter.nine if the 

abundant species were segregated from each other by differential 

use of horizontal and vertical substrata (Table 8). This test 

indicated no statistica.l separation at a = 0, 05, 

Effect of oQen vs dense ~odules, The four architectural types 

( 444, 112, 22 and 222) were compared, pairwise, for use by the 

eight most abundant species (Table 9), All probabilities were 

arranged so that low :1umbers reflect a species bias for structures 

with an. open aspect, Once again, the statistical signi::icance is 

debatable due to the nunber of pairwise conparisons made, It must 

be emphasized that these results were obtaine·:l under the assumption 

that modules should all be used with equal probability, regardless 

of their amount of jute, It was demonstrated earlier that spiders 

respond to the amount of jute ('rable 5), Since 444 and 112 are the 

only modules with approximately equal amounts of jute (Table 1), 

comparisons between them are the only ones unaffected by the amount 

of jute, 

The results in Table 9 were treated as data for a Kruskal

Wallis test to determine if the eight most abundant spider species 

used open architectural configurations (444) differently than more 

closed configurations (112,122, 222), This test demonstrated a 

significant difference in their use (Table 10), Only 3 pairs were 
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Table 8. Ranks of the probabilities that the number of individuals of the eight most common spicler 

species found in unit A are 2. the number of individuals in unit B due to chance, A and 

Bare defined in the table for each row, 

===========:...::·--· . -- ---··-··----·· 

Spec.ies 
-------· -------·--- .. 

Structural Sassacus Pellenes Misurnenops Xysticus Thanatus 0xyo1:ies Therid:lon Theridion 
Comparison pa:penhoei hirsutus lepidus montanensis formicinm:; scalaris neomexicanum petraeum 

---------

A=H2, B=V2 12 3 5 11.~ 4 11 10 16 

A=H22, B=V22 8 1 7 15 9 6 2 13 

Kruskal-Hall1.s H = 11. 74-'I.-

* P(H 2. 11.74) = 0,109 



Table 9. Probabilities that the number of individuals of the eight most abundant spider species 

found in structure A are > the numbers in structure B due to chance. A and Bare -

defined in the table column headings. 

-----------·•·--. ---- -·-- ----·-

Structures corn:pared 
Species 

A== J.?2 A=444 A=41-t4 A=lr44 A=ll2 A=ll2 
B= 112 B= _E2 B=222 B= _[?2 B=222 B=-222 

Sassacus papenhoei 0.00211 0,83299 0,89382 0,99999 0.99998 o. 70941 

Pellenes hirsutus 0.02043 0.12829 0.83925 o.81994 0,99882 0,99103 

Misumenops lepidus 0.10655 0.91034 o. 79121 o. 99843 0.98026 o. Lr086o 

Xysticus montanens is 0,00102 o.83132 0.99999 0.99999 0,99999 0.99999 

Thanatns formicinus 0,02821 0.88082 0,99958 0.99987 0,99999 o. 99754 

Oxyopes scalaris 0,24567 0,18600 0.93167 0.28500 0.98620 o. 99741 

Theridion neomexicanum o. 08898 0,99999 0.99999 0,99999 0,99999 0.98626 

Theridion yetraeum o, 31671 0.99999 0,99963 0,99999 0,99999 0,30251 



Table 10, Ranks of the probabilities that the number of individuals of the eight most common 

spider species found in unit A are 2. the numbers in unit B due to chunc8, A and B 

are defined in the table for each row. 

========-=========================---·-·_·-_-_-_-_-_·--=··=========--==-- ·.=. . ..:.=;- ___ :.-:= 

Structural 
comparison 

Sassacus Pellenes 
papenhoei hirsutus 

Species 

Misumenops Xysticus Thanatus Oxyo-pes Theridion Theridion 
lepidus ·- montanensis formicinus sca1nris neomexicanum -pe traeum 

-~-------------- -··--------

A=444, B= 112 9 11 14 

A=444, B= j22 12 18 8 

A=444, B=222 23 22 19 

*significant at a= 0,01 

4 6 

13 10 

24 21 

Kruskal-Wallis H = 82.12* 

7 

17 

1.6 

J 

1 

20 

5 

2 
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tested, so that the requirement of the Kruskal-Wallis test for 

independent samples was fulfilled. Since there were no tied oooer

vations for this test, it was felt that recording more than five 

dec:L'llal ?laces (Table 9) was umlise. 

The sa.'lle four structural ty:pes ( 444, \\ 2, J.?-2, 222) were compared 

• airwise for use by the spider dominants (Table 11). This time 

it was assumed that each centimeter of jute had an equal proba-

bility of beL1g occupied by spider individuals. Low numbers 

(Table 11) indicate a preference for an open structure. The 

statistical significance of these numbers is equivocal, as 

described previously. These numbers, with the probable exception 

of the 44L~ vs \\ 2 couparison, are likely to appear low because each 

cube, being of similar volume, is probably impinged upon by spiders 

at the same rate, hence cubes with more jute will take longer to 

reach saturation. Since nor.e of these cubes remained in the field 

longer than 16 days, all had their normal colonization truncated. 

This truncation would be more evident in those cubes further from 

saturation. 

The results from Table 11 were used as data in a Kruskal-Wallis 

test to examine whether the abundant species of spiders segregated 

their use of suootrata (jute) simply because of its positioning and 

the positioning of su:::-rounding architecture. This test was per

formed for pairwise comparisons of 444 with \\2, 122 and 222. The 

result indicates that these spiders do partition architecture in 

this manner (Table 12). 
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Table 11. Probabilities that the number of individuals of the eight most abundant spider qiecies 

found J>er centimeter of macrame jute in structure A are > the numbers in structure B 

due to chance, A and Bare defined in the table column headings. 

... - ··---- -

Species 
Structures com:pared 

A=L/44 A=444 A=4li4 A=ll2 A=ll2 A=~2 
B=ll2 B= J?2 B=222 B= 122 B=222 B==222 

Sassacus papenhoei 0.00986 o. 01094• 0.00024 0,67714 0.12172 0,03576 

Pellenes hirsutus 0.06403 0.00013 0,00102 0.01046 0.04428 0,71950 

Misumeno:ps _lepidus 0.24500 0.01105 0.00002 0.03140 0,00002 0,00331 

Xysticus montanensis 0.00672 O,J.8877 0.82818 0, 99l~04 0,99999 o. 99712 

Thanatus formicinus 0,08344 o. 03717 0,07679 0, 4ll148 0,5.5162 0.67565 

Oxyopes scalaris o,44902 0,00893 0,12027 o,0009~ 0.13152 o. 951'!6 

Theridion neomexicanum o. 97094 0,4-8950 0,05233 0,023JO 0,00000 0.01147 

Theridion petrdeum o.41960 0,91046 0.21351 0, 96Li-08 0.17215 0,00141 



Table 12. Ranks of the probabilities there the number of individuals of the eight most common spider 

species found :per centimeter of macrame jute in unit A are 2. the numbers in unit B due 

to chance. A and Bare defined in the table for each row . 

Structural 

A=444, B=ll2 

A=444, B=J22 

A=444, B=222 

Sassacus 
:papenhoei 

21 

17 

18 

Pellenes 
hirsutus 

23 

22 

lJ 

Misumenops 
lepidus 

24 

16 

7 

..::::::..=====-- ---- ---- -----------

S·pecies 

Xysticus Thanatus 0xyopes Theridion Theridion 
montanensis formicinus s-cai'aris neomexicanum petraeum 

------- - -- ·- --· 

J 12 10 ll~ 8 

9 15 19 I.J, 2 

20 11 5 1 6 

-l<· 
Kruskal-Wallis H = 97 ,L~5 

------------------------------ -·---·----·---------- - - --------------

-x-Significant at a= 0,01 



Additionc.l ex-I:Jeriments 

Effect of the exposed surface area of module, The experiment 

designed to evaluate the effect of module surface area on spiders 

(::.'ig, h) yielded 348 individuals from clumped units and 347 individ-

uals from solitary units. The closeness of these numbers reinforces 

the null hypothesis that spiders do not respond to changes in 

exposed module structural surface area (i.e., number of module sides 

that are in contact with the sur-Younding air space) . 

.Sffect of total jute removal. When a juteless chicken wire 

cube -rras sampled ten times only three spiders were obtained. This 

suggests that spiders may use the wire part of these cubes, but this 

is infrequent and in numbers such that they do not affect the 

results of these experiments, 

Com-parisons of seasonal 
collection aoundances 

The total numbers of each of the abundant species collected 

during ten day intervals were plotted against date for each of the 

two field seasons. For comparative purposes, each pair of species 

having the same hunting strategy was plotted on the same graph. 

The two jumping species, Sassacus :pa-penhoei and Pellenes hirsutus, 

overlap each other seasonally, each occurring in all seasons 

(i.e., are seasonal generalists) (Fig, 5a and b). The two 

ambusher species, Misumeno·ps lepidus and Xysticus monta_11ensis, 

may suhlivide the field season with Misumenops active early 

and late, and Xysticus active more toward mid-season (Fig. 6a and b). 

The pursuers, Thanatus formicinus and Oxyopes scalaris, are apparent 
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seasonal generalists with considerable overlap (Fig. ?a and b). 

The web- ouilders, Theridion neomexicanum and .'.!'_. ·oetraewn, are 

apparently separated seasonally;.'.!'_. neomexicanum is active early 

and late in the season, T, petraeum is active in the middle of the 

season (Fig. Ba and b). 

Body lengths 

Actual neasurements. Body lengths of individuals collected 

uere plottei against date for each of the abundant species. Indi

viduals ,1ere assigned to the present year's cohort or the past 

year's cohort as described in the methods section. Body length 

information for species of the same hunting guild were plotted on 

the same page (Figs. 9 - 12). 

nominal body lengths. ::tegression lines representing the 

nominal body lengths O.L these abunu.ant species were developed and 

plotted for each cohort in each field season (Figs. 13 - 15). The 

first oroer linear regressions were used as heuristic vehicles 

for comparative purposes without substantial theoretical basis for 

their use. The values obtained from these regressions do not 

represent true estimates for indi·✓idual nor population body lengths 

4-1 

at different ages, but they are indicative of the size of organisms 

collected on different dates; hence these body lengths are best 

referred to as nominal. For those s:pecies belonging to the- same 

hunting guilds, the minimum ratios separating the pairs were tabulated 

(Table 13). The larger of the two species emerged first as juveniles 

in each of the two field seasons for all four species pairs. This 
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Table 13. Minimum ratios obtained between the nomin:.:..1 body len.3t11s )f specie:::; cohorts of each huntln; 

guild 

Larger s:pecies 
as adult 

Theridion petraeurna 

Xysticus montanensisa 

Pellenes hirsutusa 

Thanatus foricinusa 

Guilds 

Smaller species 
as adult 

web- builders 

T. neornexica.num 

ambushers 

!V:isumenops le·pidus 

jurnrers 

Sassacus papenhoci 

pursuers 

Oxyo·pes scalaris 

197:) 
in 

1976 

1.35 

l.22b,c 

1.81 

1.25b 

Ratio for cohorts of 

1976 
in 

1977 

1.41 

1.00 

1.lR 

l.OOb 

19T7 
in 

1977 

1.51 

1.32 

aJuveniles emerging first in both 1976 and 1977 as measured both by extreme earliest capture and 
completion of the capturing of the first quartile collected each fieJd sE:.:o.son. 

bAt least one of the regressions employed in these conrrcarisons did not have a slope signif-i.ca11L ly 
different from zero at the 95';0 confidence level, 

cThis cohort of X, montanensis had a lower nominal body length than Vi. !epidus during this fieltl 
season. 



was consistent whether the date of emergence measurement was 

based on the earliest capture or on that species which had 

the .first quartile of it3 i::1.d.ividuals, withi.:1 that year's cohort, 

collected first. 

Seasonal com~arison of the total 
nun bers of insects and s·oiders 

The numoer of insects collected was plotted for each sampling 

date (Fi~. 16a and o). Since all of the units sa,,pled on any date 

nere in close proxi;nity, these values should serve as a reasonable 

index of prey availability in both a spatial and temporal sense. 

Superir:rposed on these gra~ohs is the number of spiders collected on 

each date. Linear correlations were made between the nurabers of 

insects and the numbers of spiders. The coefficient of determination 

(R2 ) in 1976 was 0, 011 and was not statistically significant at the 

95% confidence level, while in 1977, R2 = 0.077 and was statis-

tically significant at the 95% level. 
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r.eneralizec uatterns for 
sgid.e:r-::: 2.s a ~rou!? 

DI3CUSSIO:T 

Observed nodule ~attern3. Both the number of spider individ-

uals and the nu:nber of s:pecies showed strong tendencies to vary 

with the amount of available jute (Tables 4, 5, 6 and 9). A nlethora 

of re-ports indicate a".:.alogous s·pecies-area relationships for other 

taxa (Brown 1971, Preston 1962, Terborgh 1974). The significantly 

g:reater n-..nnber of ind.:..viduals found on 444 modules versus 112 or 

H2 modules, ~-rhich all had approximately the same amount of jute, 

sug;ests that fine grained habitat variations are imgortant to 

spiders. 3 imilar conclusions were reac:"1.ed concerning ha bi tat facto~ 

influencing species richness values in other taxa (Lack 1973, Mac

Arthur and i·Iac.Arthur 1961, Pianka 1967, Power 197 2) • The :preference 

displayed by spiders in general to the 444 modules may be attributed 

to either the greater o:penness of these modules or their three 

dimensional complexity. If complexity per se is the :primary factor, 

1/22 modules should contain more individuals than H22 modules because 

'l22 contains both v8rtical and horizontal habitat, not just horizon

tal. Since they did not, I consider the differences observed assign

able to the openness of the 444 modules. 

The results also suggest that spider use of cubes is unaffected 

by the addition of adjacent modules (Fig. 4). Therefore, I conclude 

that within the size range tested, module volume is insignificant 

as a controlling factor of spider distribution. 
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A :r.odel. Assumin.~ that spiders r8act si:nilarly to vegetational 

a::::-chi tecture, the deduct ion is made that the anwunt of b::cancb ar..d 

leaf surfac area of a shrub is probably the best correlate with 

s:pider atundance on that sh:rub, Since it is im·oractical to obtain 

these s·.1r:ace areas for such correlations, an esti:nate of shrub nass 

might suffice ( this would require an assuml)tion regarding the rela

tionship bebreen surface area and mass). Because o·penness was 

significant, shrub foliage density estimates, based on optical 

measurements (Hatley 1978, :'.acArthur and MacArthur 1961), also 

belong in a predictive model of spider abundance on shrubs, A 

generalized model of the form 

all i 
where 
d· / 0 l· 

(_) 

is proposed, where A and Bare positive constants, f(m) is some 

function of mass, f(d1) is a function of the density in volume i, 

and S is the expected number of spider individuals, The mather.1ati

cal for.ns of these functions must be determined through further 

ex:perimentation. 

Statistical interpretations 

Difficulties associated with pairwise com~arisons. The need to 

make pairwise comparisons of differential architectural use by each 

abundant species makes the interpretation of results difficult. 

One may consider each pairwise comparison as a distinct experL~ent, 
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'Thi::; a·99ro1c!-1 is us2ful in ex9loratory research, such as this, 

because the power of the statistic1l test is unaffected by the 

number of ex·!)eriments. :-fence, differences in architectural use, 

!)Otentially significant at -:.he 95-;;: confidence level, will show 

!)robabilities o: greater than 0,975 or less than 0,025 in Tables 

7, 9 and 11. An alternative n.ethod is to a-pproximate a :nulti

sanple test by applyin1s the :3onferroni method to the series of 

pair'~ise comparisons. This method ~nsures that the null hypo

t:-iesis is not rejected more frequently than 100 a% ( a= rejection 

level) +- the time c.ue to chance, re 0ardless of how ma:1.y nairwise 

comoarisons are ma:ie. 'Then the number of pairwise comoarisons is 

large it d::ies this by making a significant sacrif.:.ce L1 statistical 

power (i.e., the probability of accepting the null hypothesis is 

considerably greater than (1 - a)) (Feller 1968, i·"iiller 1966). 

If this method were chosen, only those probabili-:,ies under 

0,00022 or over 0,99978 in Tables?, 9 and 11 can be rejected with 

95'"s confidence, A third method, consistency, may also proYe to 

be a useful heuristic tool for evaluating these results. The fact 

that Xysticus montanensis was consistently found on horizontal 

structures much more often than on vertical structures provides a 

resonable basis for assu:11ing that it ·prefers horizontal habitat 

(Table 7). 

Species seg;regation, The above discussion of methods focused 

on distinguishing whether an individual species chose one habitat 

type over another in a significant manner. This may be important 

in a population study of that species. What is perhaps 



more L~portant in a community study is determination of species 

separations based on their architecture choices, Results of 

the Kruskal-Wallis test provided this information (Tables 8, 10, 

and 12). 

Coexistence of the abundant species 

I assume that t~e primary method of species separation among 

the spi:'1.er comr.mnity of Gr-Ben Canyon is the result of alternative 

hun~ing strategies. The followi.rits is my interpretation of the 

pertinent results of the arci1itectural experi:ne!lts under a general 

discussion of the four hunting guilds, 

Jumpin~ spiders. These spiders are all confi."1ed to the single 

family Salticidae (Child 1965). Kaston stated that the Salticidae 

have the keenest vision of all spiders and that: 

They make use of the visual sense to hunt their 
prey in broad daylight 1 and are common in sunny areas. 
In stalking prey they approach the latter slowly u!1til 
within a centLneter or two, then make a sudden quick 
jum:p. (Kasten 1948, p. 442) 

The two abundant jumping spiders appear to be seasonal generalists. 

The less common of the two, Pellenes hirsu tus, was larger, abwst 

always by a ratio exceeding 1.28 (Figs. lJ - 15) and emerged earlier 

in the season as juveniles during both field seasons than Sassacus 

papenhoei. Pellenes s;howed a tendency toward vertical substrata 

(Table 7). Although this was consistent, it was not statistically 

significant. Both Pellenes and Sassacus showed marked preferences 

for open vs closed architectural configurations (see 444 vs 112 

comparison in Table 9 ani the series of 444 comparisons in Table 11). 
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I conclc!de that, 2.n ':;yeen Canyon, jurrrpin9; s1,ide~ as a guild prefer 

open hB.bi t2.t, This provides support for tl:e similar results obtai:1.ed 

by Ha-::.ley (1973), This is reasonable because these species rely on 

visior. fo!:' huntin~, t'.'lus an open _ abitat is optimal. 

Ambushin~ spiders. The two species of ambushing spiders were 

Xystic;s montaner::sis and the smaller :v!isumeno-os le-oid s, X, montan-

ensis emerged earliest seasonally as a juvenile, There was no clear 

evidence from the individuals collected that Xysticus displayed 

any size sex~1al dimor~hism, The adult females of r-!isumenoos were 

obviously larger than the males, This observation, made in the 

field, ~as not been quant~fied, but is consistent with published 

data on congeneric s·pecies (Kaston 1948), The overwhelming number 

of adults captured in the modules were males, The i'1isu:neno·ps col

lGcted in the sprin8 may have been males in search of females, not 

food, These species showed si::iilar size :patterns through t'.'le 

year, however, -:.here Has a reasonably marked seasonal separation 

in the emergence of juveniles. The substantial seasonal differences 

of the timing of the second instar develo·pmental stages between 

these species, precludes overla:p while individuals of both s:pecies 

are subjected to their most intense food needs, 
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Apparently Xysticus montanensis tended toward structures contain

ing the moot horizontal jute, while Misumeno·ps showed no particular 

tendency, Neither species preferred closed vs open architecture, 

This appears to contradict Hatley's (1978) findings that ambush-

ing species were more abundant where foliage was dense, These 

contrary results may reflect the lack of precision of her control 



on foliage density or 11ay reflect the short perbd of t:be T:tY 

modules ,-rere left in the field prior to sampling. ;,iore probably 

the:,' reflect the dif::'eren-':, relative ah..::'1dances o:: s·pecies consti-

tuting the ambasl:.er guild, between our studies, Her dominant 

amh.1sher was Xystic:.1s cunctator which was not one of my do:-:iinants, 

'.•:isu:r:eno·ps lenidus ( the sane species as her i".\isumenops celer which 

was re identified recently by •~, Gertsch), pea'.rnd at the beginnin,?; 

and end of my six month field seasons, Undoubtedly she collected 

this species relatively less frequently during her four month field 

seasons, The sensitivity of her conclusion regarding architectural 

type modali-:ies of the a:nbushing guild, -l:-0 species cor.rposition, is 

significant, 

Eow then do these t 0 ,o ambushi!'.1.g species coexist? Gertsch 

(1939, 9, 289) says of the subfa:nily Misumeninae that "obviously 

the microhao·tat of the species will determine the type of prey 

that 1:1ay become available for food." He further commented on the 

typical ca?ture of prey by these ambushing sgecies, 

The spider takes up a position in any part of the 
flower and sits patiently with its long front legs 
extended u:pward.. If the spider is not hungry, it pays 
no attention to insects and will allow them to crawl 
all over its body. However, if it is hungry, it imme
diately siezes the insect in its strong front legs 
and buries the chelicerae in its body, (Gertsch, 
1939, p. 290) 

These details suggest that the ambushing species are likely 

to have distinctly different microhabitats, In the s:;::,ring, Misu

menops occupy the flowers of '.,Tye thia and Balsamorhiza. The 

microhabitat preference of Xysticus montanensis is less easily 



deter;;iined, i(aston (1948, p. 421) describes the genus as one whose 

individuals " ... live on and under loose bark, under leaves -3.nd 

s-':,on9s of the for2st floor and on low plants." Misu:nenops is yellow 

in color, blending well with its preferred ha':)it.:=,.t, the yellow 

petals of '.·!yet:1.h and Balsamorhiza. Xysticus is a mottled gray 

and brown which would be less conspicuous on woody plant ·parts 

or dead leaves. Clearly the cryptic coloration ~which shouli be 

extremely L,;rportant to ambushers) of these species is adaptive for 

different :nicrohabitats. 

'.·/hy then are these s:pecies found in abundance on these :nod

ules? The answer is probably multi:old, Xysticus' coloration is 

not :narkedly different from that of the jute, hence the mod11les 

might be acceptable h:mting sites for it. Adult r.iale ~'.isumeno·ps 

collected were ·probably searching for fe:nales, not hunting. The 

~uvenile eme:::'.:'gence of Misumeno·ps is not obviously tied phenolog

ically to any local flowering, Juvenile Misumenops may use hunt

ing locations for which they are less well adapted, 

Pursuin~ spiders. This hunting guild contains the large 

species Thanatus formicinus which emerged earlier in the year 

than its smaller counterpart, Oxyopes scalaris, Both of these 

species are seasonal generalists. 

This guild is composed of those species which are abla to secure 

their prey through their ability to run fast. Kaston (19~3, p, 429) 

said of the subfamily Philodrominae, which includes Thanatus, that 

"the J11embers of this group are very fast runners and ·pursue their 

prey with great rapidity. Most of ther:i live on plants.,. . " Thus 

r-o 



t'.".8 a:::sign1:ent of ~hanat11s to this ~ild is clear cut; the proper 

assi~nn1ent of Ox·rooes is more confusing. Hatley (1978) decided 

to group the fa;1ily Oxyo·pid2.e with the jwnping s1iecies, ?erhaps 

beca·Jse of ::;tate::ients like this: 

'::'hese s·pide:cs build no snares, or retreats, or 
::ioltin~ nests, and live among low bushes and herba-
ceous ve;,;eta-tion where they hunt their prey. They 
:::-un rapidly and can also jump. (Y.aston 1948, p, 339) 

Hm,e·,er, 3rady (1975), an authority 0!1 the family (see also 

:i3n.dy 19/S!.i.), states of the genus Oxyo·pes: 

T!-1ey ran swiftly over plants nhere they occu~-2d 
a:1d 1rhen dist· rbed exhibited characteristic erratic 
leaps which allowed them to be b:nediately recognized 
in the field. Although Oxyo~es do not actively pursue 
their prey by sight, theJ are rmch more active than 
thomisids, and exhibit a general searching beha'rio:::
Hhen observed., Long spines on the legs, another fiald 
characteristic o: lynx s.9iders, are ap:parentJ.y used to 
sucdue prey. I'iuch remains to be learned a bout i:irey 
caoture ard other forms of behavior. (Brady 1975, 
p.-189-190) 

It "'ould seem that by virtue of their not pursuing their prey 

by sfo:ht they differ distinctly from sal ticids, The conment by 

Brady that they are more active than the thomisids (the only family 

to which he compares them in tei"1!1s of prey capture behavior) suggests 

that the thomisids are a closely related family in terms of hunting 

technique, The use of their spines for prey capture may qualify 

them for status as a unique hunting guild. I believe that the value 

of the guild conce:pt, defined by Root (1967, p, 335) as ",,. a 

group of species that exploit the same class of resources in a 

similar way," is in clustering ecologically similar s:~,ecies; 

splitting s:pider hunting guilds too finely would negate the value 
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of the conce1:1t, Therefore, I conclude that Oxyo·1_;es scaJ.aris is 

best considered a member of the pursuer hunting guild, 

Ho significant regression line of nominal body length on 

Julian date w2_s found for adult Oxyo-pes; this may be due to both 

its size sexual d1.J,1orrhism and its lo,.r abundance (with 67 individ

uals it was the least abundant species analyzed), If one takes the 

approach of Schoener (lSY?O) and '.'.leasures the largest one third of 

the individuals colle cteci, for the ·9revious year's cohorts, the 

Yatio of Thanatus to Oxyo·pes is 1, 2J. In ad.dition, this difference 

is also :raintained. in tr.e regress ions fer t:1.e juvenile cohorts. 

Si:1c2 neither s·necies showed any tendency to respond differentially 

to architecture and since they are both seasonal generalists, I 

conclude that their size se-paration is sufficient for coexistence, 

',le c-buildir:.9._: s oic.ers. This guild containing species that 

ccnstruct vario:.1s kinds and sizes of tra·ps is a likely candidate 

for f'q_,litting into :nulti9le groups, However, the two r:iost abundant

ly c-::,llected species of this group are congeneric, hence probably 

build similar webs, Theridion retraeum, the larger of the two 

s:pecies, emerged as juveniles earlier in the year than T. neomexi

canum and was collected decidedly rnore toward midsummer, T, neo

mexicanum a:ppeared most frequently at the beginning and end of the 

field season, .'.!:• _retraeum always had a nor:i.inal body length of at 

least l,J5 times that of.'.!:• neor:i.exicanum (Table lJ). According to 

theory they are suf:iciently se:parated on this one resource axis 

for coexistence, 
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:Soth of these species ·preferred closed habitats when compared 

to the other abundant species (Tables 10 and 12). T. petraeum 

chose horizontal vs vertical jute strands ('rable 6). This conclu-

sion is st::-engthened by the lack cf difference between the number 

of individuals of ~. petraeum found in 122 vs 222 type structures 

(Table 9); the majority of both of these strJctural types had the 

same amount of horizontal jute. 

These results seem reasonable in li~ht of the natural history 

of s:pecies similar to these two. Haldorf (1976) and Duffey (1962) 

observed Theridion s;:rp. beneath leaflets at the junction of the 

leaflet blades with the petiole; this habitat would seem to be 

distinctly horizontal. 

The concll:_si::m that this set of web- builders :preferred closed 

habitat is i~ accord with Hatley's (1978) data. Her web-building 

guild was also dominated by the genus Theridion, but she had not 

develo9ed taxonomic criteria for separating the various species, 

It should not be concluded that all web-builders have a tend

ency toward closed habitat. The genus Theridion is a special S'..,b

set of the large array of web-builders; this analysis pert2.ins, in 

its most general form, to this genus. 

Generalized patterns. The pattern that emerges for the abun

dant spider species from Table 9 is that each species becomes 

decidedly more abundant in any given volume as the amount of sub

strate increases. The trend depicted in Table 11 is that these 

abundant species do not use a centimeter of substrate as fully when 

there is a high concentration of substrate per unit volume as they 

63 



do when ther~ i3 less substrate. This may be attrib-..1.ted, to a large 

degree, to the truncation of the colonization ·process due to sampling, 

as noted in the result section; hut it nay also reflect a limitation 

on the packing of individuals within any given volume, The validity 

of these two hypotheses cannot be-~ judged fro:n my experi.11ents, 

The mod.a::1..ities in architectural J.se expressed by the jumping 

snecies for open architecture and the web- building spe~ies, of the 

genus Theriiion, for closed architecture suggest a :pla'.lsible mechanism 

for :.nterguild separation, This, in concert with the assumption that 

di::ferent hunting strate 3 ies are likely to be most efficient for 

different :prey species, may permit coexistence of these guilds in 

Green Canyon with minimum competition. 

The predominant intra<?;11ild :ne thod of species partitioning is 

concluded to be based on differential prey size use, although so:ne 

architectural s:recialization ,-ras noted. This prey size partit1on

ing rnay have arisen through natural selection at Green Ca_r1yon, or 

it may sir.l.ply reflect the assortment of species, Species assort

men-:-, may be expected to produce a spatially defined com.-nunity of 

high persistence (Robins:::m in manuscript). If the first of these 

·possibilities were true the spider community seen in Green Canyon 

might be the result of character displacement (Brown and Wilson 

1956), a phenomencn observed with some frequency for other taxa 

(Grant 1968, Hutchinson 1959, Schoener 1965). However, I believe 

that the diffuse competition (MacArthur and Wilson 1967) resulting 

from both intra-guild and inter-guild interference (guild species 

richness values and relative abundances between guilds are: 



j; .. unrers 7 scJ, 17. l~; ambushers 5 sp, 15, 9%; ~ursuers 14 sp, _4, 81; 

anci web-builders 19 sp, 52,2'1), ·probably :precludes s•..1ch fine adapta-

tions to single cornpetito::§, I suggest that these abundant species 

nost probably represent forLlitous combinations which have attributes 

that are sufficiently varied to red"Jce their levels of food. co;npeti

tion to a level :9ermitting coexistence. 
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SUMMARY AND '.:;OrfCLUSIOl'TS 

'L,e eight mosi:, abundant spid.er species of this study react 

differentially to architecture. The t-;.ro most abu!i.dan·:. jur.1ping 
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spiders Pellenes hirsutns and Sassacus _papenhoei showed a proclivity 

fo:r open habitat, while the two most abundant web-builders, Theridion 

neo:'le~dcanun and _1'.. -petraeum :preferred more closed habitat. 

Both T. petraeum and Xysticus i11ontanensis (an ambushing species) 

were found most often on horizontal substrate, while Pellenes 

hirsut·J.s iras most frequent on vertical substrate. 

The general trend for spiders was to res-poni primarily to the 

ali1ount of subst:rate available. Howevey, they did show evidence 

of using open habitat most frequently. 

Of the eight most .:i.bundant species collected, one :pair belonged 

to each of the fm.1r hunting guilds :proposed, In each pair of 

s·pecies, the larger one consistently emerged earlier as a juvenile 

than the co-rrespond.ing smaller species. These data supJJort the 

hy-pothesis (Hutchinson 1959) that for annual, sympatric species to 

minimize competition throu~h size dissimilarities, the larger 

species should begin development earlier, The ratio of nominal 

body lengths between species within any of these pairs (with the 

exception of the ambushing species) are sufficiently different to 

suggest that food size partitioning may permit coexistence. These 

ratios are shown to :persist during most of the activity period for 

each of these three species pairs. Different cryptic coloration 

and natural histories suggest that the ambushing species Xysticus 



mon1:,a:1ensis and ?isumenops le·pidns differ in primary microhabitats 

as adults, minimizing spring co:npeti tion, Seasonal differences in 

juvenile emergence dates :prec2-uded. overlap during the critical 

second instar stages in the fall. It was concluded that these 

co~bined adult and juvenile differences are sufficient to explain 

the coexistence of these ambushing species, 
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APPENDIX 



Table ll~. Mean monthly temperatures and precipitation totals for 

the U,S, Weather Station nearest to Green Canyon (Utah 

State University Experimental Station) 

1976 1977 

Mean Monthly Mean Monthly 
ronth monthly :precip. monthly precip. 

tem·p °F inches temp °F inches 

Jan 22,5 .78 19.8 .97 

Feb 22,8 2.84 27,3 .45 

~~ar 27,1 2. 74 35.l 1.92 

Apr 4-6.4 2.94 51.3 .39 

V.ay 59,0 1.39 53,0 3.52 

Jun 62.7 1.97 69.1 .13 

Jul 72,6 1.02 71.2 1.13 

Aug 67 .1 1.87 70.3 4.34 

Sep 62,7 .55 61.6 1.59 

Oct 48.2 .66 51.8 1.36 

Nov 37,8 .04 38,5 1.45 

Dec 27,6 .05 33.9 2.16 
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