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INTRODUCTION

The word "habitat" may be used with varying degrees of preci-
sion. When describing the finer details of where an animal lives, the
term microhabitat is often used to distinguish this from the particu-
lar community or ecosystem. Examination of microhabitat selection
involves determining the factors which influence preference for a
certain site. Many factors have been shown to affect the length of
time that spiders will spend at a particular web site. Physical settings
providing protection against web destruction by wind or rain may
be important (Eberhard 1971; Enders 1976; LeSar & Unzicker 1978;
Marson 1974). Prey abundance, as well as factors relating to prey
detection and capture sucess, are also important in microhabitat
selection (Riechert & Tracy 1975; Riechert 1976). Because food
resources have been demonstrated to have a large impact on indi-
vidual fitness in several spider species (Deevey 1949; Turnbull 1965;
Miyashita 1969; Hagstrum 1970; Kessler 1973; Greenstone 1978;
Kajak 1978; Morse & Fritz 1982; Wise 1975)web site selection
should be expected to be strongly linked to food supply. Studies
which have examined the dynamics of prey availability have impli-
cated web site relocation as a proximate mechanism for food supply
enhancement (Turnbull 1964; Riechert 1978; Olive 1982; Janetos
1982).
Micrathena gracilis (Walckenaer) is an orb weaving spider com-

mon to deciduous forests throughout northeastern North America.
These spiders characteristically build webs spanning large open
areas between vegetation (90-250 cm). Certain individuals may
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occupy a web site for many days, and even weeks, whereas others
relocate frequently. Since web site relocation requires a greater
energy expenditure than does remaining at a site, the decision to
leave may be related to the quality of the web site. This study used
residence time at a particular web site as an indicator of microhabi-
tat suitability and examined the relative contributions of feeding
rates, web destruction, and sun-exposure (heat stress) to the ten-
dency of a spider to remain at a web site.

METHODS

This study was conducted in an approximately one-acre area of
deciduous forest on the University of Georgia campus, Athens,
Georgia (Clarke County). A thick understory of Rubus sp. (black-
berry) and Rhus radicans (poison-ivy) and a canopy of Quercus alba
constituted the major plant species of the study site.
One 12 July 1984, 25 M. gracilis were collected from the study site

and from the University of Georgia Botanical Gardens. Only penul-
timate and mature females were collected. Spiders were marked
with fast-drying enamel paint, using the positioned dots technique
(Walker & Wineriter 1980). Ten spines on the abdomen of M. gracilis
made convenient locations for different combinations of paint
marks, giving each spider a unique identity. This paint mark identity
was assigned a number to simplify data collection. Blue, green,
white and black paint were used on the rationale that these colors
would have the least effect in making the spider more conspicuous
to vertebrate predators (though Rypstra (1984) has found that such
paint marks may have very little effect on predation rates). Spiders
were retained for 24 hours to assure that they would survive the
marking procedure (which involved no anesthesia).

Spiders were released at random locations (using the wandering
quadrant technique of Catana (1955)) at 1800 hrs on 13 July, and
allowed 6 days to establish a web site. Observations were initiated
on 20 July. The position of each spider was marked with a flag
bearing its number identity, placed in the ground below the web.
Unmarked spiders were marked in the field as they were discovered.
Each day the distance (if any) moved by each spider was measured
with a tape measure and recorded. Each web was checked hourly
from 1000 hours until 1700-1900 hours. The following information
was recorded at each hourly check: if the spider was feeding, was in
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direct sunlight and/or assuming a thermoregulatory position
(Robinson & Robinson 1979), and the condition of the web (extent
of damage, if any). These observations were made from approxi-
mately m from the web, to avoid disturbing the spider. Thus it was
not possible to measure prey lengths. However, if a spider captured
a large prey item it was likely to feed for 2-3 hours (personal obser-
vation). This was recorded as 2-3 observations of feeding in the
hourly censuses. Therefore, the feeding rate, equal to the number of
feeding observations, is an estimate of the prey consumed by a
spider at a particular web site. Other information, such as molting,
mating activity, predation, and intra- or interspecific interactions
were also recorded. The study was terminated on 11 August, 1984.

RESULTS

The average web site residence time was 6.7 days (S.D. 5.29
days). Residence times were compared to values expected from a
negative exponential distribution, which indicates random processes
in time (Bailey 1964; Ross 1970). The distribution of observed resi-
dence times was significantly different from that expected by a ran-
dom process (X 1889; p ’ 0.001; Fig. 1).
A total of 2131 web observations were made by checking spiders

at hourly intervals. Of this total, there were few observations of
sun-exposure or thermoregulation, and of these, few were followed
by web site relocation (Table 1). A much greater percentage of the
total number of relocations occurred following web destruction
and/or were preceded by days of scarce prey (Table 1). There were
36 web site relocations during the study, and 34 of these were pre-
ceded by a day of either zero or one feeding observation, and/or
web destruction by wind or rain. Only two relocations were not
associated with either of these variables. Eighteen of the web reloca-
tions were preceded by web destruction. Thirteen of these 18 were
simultaneously associated with low feeding rates. Sixteen relocations
were associated with low feeding rates alone. A Chi-square test for
independence led to acceptance of the null hypothesis that web relo-
cation was not differentially influenced by either low prey levels (0-1
prey observations/day) or web destruction, or even by a combina-
tion of the two (Table 1; X

2 2.16, p > 0.50), i.e., both factors
seemed to have a similar contribution to the decision to move. A
feeding rate, equal to the number of feeding observations divided by
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Figure 1. Distribution of observed residence times compared to that expected by
a random process (significantly different, p < 0.001).

the residence time (days) at the site, was calculated for each web site
occupied. There was a significant difference (t 2.55; p < 0.05)
between the feeding rates of spiders staying 1-5 days (- 0.89; o2 =
0.59) versus those staying for 6 days or longer at a site (- 1.5; o2

.53).

DISCUSSION

Since the web is the only means an orb weaving spider has of
encountering prey, web site selection has important consequences
with respect to the spider’s fitness. Physiological studies have shown
that finding a web site and building a web are energetically costly
activities for orb weaving spiders (Witt et al., 1968; Peakall & Witt
1976; Prestwieh 1977). If behaviors associated with web site choice
and tenacity have been selected for, then these choices should be
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Table 1. Number of spiders relocating after exposure to various environmental
factors.

Environmental Spider % of total No spider
Factor Relocation relocations relocation

Exposure to
direct sunlight 3 8% 45

Thermoregulatory
posture 3% 3

Courtship attempts 3 8% 15

Web destruction
alone 5 15% 39

Low prey levels
alone 16 47% 63

Both low prey and
web destruction* 13 38% 82

*Chi-square test for independence indicates no differential influence of web destruc-
tion alone, low prey levels alone, or a combination of these factors on relocation;
X 2.16, p > 0.50.

significantly correlated with the animal’s energy gain, and therefore
its fitness. Though a correlation between energy gain and fitness has
not been shown for M. gracilis, it has been for many spider species
(Deevey 1949; Turnbull 1962, 1965; Miyashita 1969; Hagstrum
1970; Kessler 1973; Greenstone 1978; Kajak 1967, 1978; Wise 1975,
1983). Morse & Fritz (1982) found that female crab spiders gain 7/8
of their biomass during the adult stage, which was the stage of most
of the spiders observed in this study. Since biomass accumulation is
crucial for egg production, it seems that web site residence time
should be related to the energetic costs and benefits of moving
versus staying. Factors such as web destruction (reduction of feed-
ing time; cost of rebuilding) or low feeding rates may lead to a
threshold hunger level which stimulates the spider to move.
The fact that 33 of 34 web relocations were preceeded by a day of

low prey levels (0-1 feeding observations/day) and/or web destruc-
tion seems strong evidence that these factors are involved in the
decision to move. However, most occurrences of low feeding rates
and/or web destruction did not result in relocation (Table 1). The
only conclusions that can be made from these data are that,
although these two factors are almost always associated with web
relocation, their occurrence alone is not enough to cause the spider
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to move. Some undetected environmental and/or physiological fac-
tors must contribute to the decision to relocate.
The two categories of residence times used in comparison of feed-

ing rates were based on the average residence time of 6.7 days.
Spiders staying at web sites for longer periods than six days had
significantly higher feeding rates than those staying at web sites for
five days or less. Olive (1982) has similarly shown that Argiope spp.
moved more often when current feeding levels were decreased, and
Vollrath (1985) observed that Nephila clavipes in poor environ-
ments changed sites more often than spiders in rich environments.
Martyniuk (1983) found that filmy-dome spiders (Linyphiidae)
which were moved to previously abandoned web sites of low prey
availability and were provided with supplemental prey, remained at
those sites.

Janetos (1982) has designated sheet-web weavers as "sit-and-wait"
predators and orb weavers as "active" foragers. He assumed that
orb webs could be put nearly anywhere, resulting in high variance in
payoffs. Therefore, he predicted that orb weavers would do better
by moving frequently among sites to find potential "hot spots." The
assumption that orb webs can be put anywhere may not be correct.
Several studies have shown that M. gracilis requires specific structu-
ral characteristics for web construction (Biere 1977; Hartsock 1983;
Hodge 1985). Neither does M. gracilis follow Janetos’s (1982) pre-
diction of frequent movement among sites. Studies of M. gracilis
and M. schreibersi (Perty) (Shelly 1984; Hodge 1985) have shown
that these spiders often remain at web sites for 15 days or more. This
contests the generalization that orb weavers are "active" foragers.

If spider web site relocations occur at random, then the expected
distribution of intervals between relocations will follow a negative
exponential distribution, which is a Poisson process (Bailey 1964;
Ross 1970). If so, then the stimuli that induce a spider to leave a web
site occur with a constant small probability in any short period of
time. Such stimuli could be physical disturbance of the web due to
climatic factors, or predation attempts (Janetos 1982). Comparison
of the actual distribution of residence times with that expected from
the random movement hypothesis indicates that M. gracilis does not
move at random. A previous study of macrohabitat selection by M.
gracilis found that spiders moved with a random pattern until they
encountered a macrohabitat where environmental factors are ame-
liorated (Hodge 1988). This macrohabitat was a deciduous forest
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similar to the area in the present study. The distribution of residence
times in these deciduous forest areas is almost identical, and both
are significantly different from that predicted by the negative
exponential. An interpretation of these distributions may be as
follows. If each successive interval of nonperformance of a behavior
depletes the animal’s energy reserves, performance of the behavior
(i.e., web site relocation) becomes more beneficial as the time
elapsed since the last performance increases (Fagan & Young 1978).
This applies to M. gracilis in that if a spider at a certain web site
experiences a reduction in prey capture due to web destruction
and/or low feeding rates, then the time between relocations (time
spent at that site) results in a certain depletion of the spider’s energy
reserves. This may culminate in some energy-related cue, perhaps a
threshold hunger level, which stimulates the spider to perform the
behavior of web site relocation.

SUMMARY

This study examined the factors influencing web site residence
time of the orb weaving spider Micrathena gracilis. Residence time
at a particular site was used as an indicator of microhabitat quality.
When spider residence times were compared to a negative exponen-
tial distribution, the distribution of observed residence times was
significantly different from that expected from a random movement
hypothesis. The relative contributions of prey consumption, web
destruction, and sun-exposure (heat stress) were monitored by
hourly census checks of marked spiders over a 22 day period.
Thirty-four of 36 web site relocations were preceded by a day of
either zero or one feeding observation, and/or web destruction by
wind or rain. There were few observations of sun-exposure accom-
panied by thermoregulatory posturing, and of these, few were fol-
lowed by web site relocation. Web destruction and low prey levels
are suggested as contributing to a threshold hunger level which
stimulates spiders to seek new web sites.
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