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exercise considerable influence over the size of prey taken.

Ways of Excluding Prey

Rejection by the Spider

The percentages of the offered prey which adhered to the webs (88%)
and were rejected (47%) or successfully attacked (37%) indicate that
the spider, rather than the web, appears to be the more important com-

ponent in determining what size prey is taken (Figs. 8, 9).
Failure of a spider to attack available pre& can be a consequence

of factors unrelated to the size of the prey. A particular prey item

may be rejected because the spider finds it distasteful or dangerous.

All prey items may be rejected at times due to the spider's physio-

logical state. Spiders have been reported to be more likely to refuse

food before molting (Turnbull 1973) and when they are satiated (Witt

et al 1968).

Since very large prey are more likely than small prey to damage
the web, injure the spider, or escape after the spider attempts to cap-

ture them, they would appear to be more likely than small prey to

elicit active rejection. My results bore this prediction out; the

percentage of prey actively rejected rose with the relative size of
the prey for both A, aurantia and A. trifasciata (Fig. 9C).

Passive rejection appears to involve little or no expenditure of
energy and would therefore by a very efficient way of dealing with

small prey whose potential reward is small and which are less likely

to damage the web or injure the spider than are larger prey. The

frequency with which A. aurantia ignored prey increased as the relative

size of the prey decreased (Fig. 9D). A. trifasciata did not exhibit

it
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this direct relationship (Fig. 9D). However, at the upper extreme of

relative prey size, A. trifasciata's behavior was as expected: they

ignored no prey larger than 1.62 X their size. All of the rejected

prey soon escaped from the webs and would, in natural situations, be

expected to rejoin the pool of available prey.

The Web as a Filter

Some prey pass through the mesh or spaces which exist between

strands of a spider's web. If the size of these spaces is related to

the spider's size, webs could selectively reduce the availability of

relatively small prey. The size of the mesh of spiders' webs, and of

A. aurantia's webs in particular, have been found to be a function of

the weight of the spiders (Witt and Baum 1960; Reed, Witt and Scarboro

1969). As the spiders' weights increased, so did the mesh dimensions

(Witt and Baum 1960; Reed, Witt and Scarboro 1969). On September 2k,

1976, not only did I find the width of the mesh of A. aurantia's webs
to be larger than that of A. trifasciata, but A. aurantia's web mesh
was also relatively larger than that of A. trifasciata {i.e., an A.

aurantia equal in size to an A. trifasciata would have a web with

wider mesh). Experimental results appear to reflect this difference,

since A. aurantia's webs permitted relatively small prey to filter

through, whereas A. trifasciata's webs tended to retain them.

Web Adhesiveness

Although prey characteristics other than size influence the like-
lihood that prey will stick to webs, one would expect small prey to

adhere more frequently than larger prey. Experimental results (Fig. 9A)

are in accord with this expectation, for as the size of the prey
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increased, relative to the spider whose web was involved, so did the
frequency with which it failed to adhere. In general, however, wedb
adhesiveness or the lack of it does not appear to contribute to prey-

size differences in the two species of spider.

Ways of Excluding Prey - Summary

The probability of a particular prey item being excluded is in-
fluenced by its size relative to the spider, with prey at the extremes
of relative size excluded most frequently. Relatively small prey were
primarily excluded by both spiders through passive rejection, whereas
relatively large prey were primarily excluded through active rejection.
For each way of excluding prey which was considered: bouncing off the
web, passing through the web, active and passive rejection; A.
aurantia eliminated an equal or greater proportion of prey whose prey/
spider size ratio was less than 0.50 than did A. trifasciata.. A.
aurantia's webs allowed some of these prey to filter through, whereas
A. trifasciata's webs did not. On the other hand, A. trifasciata cap-
tured a smaller percentage of prey whose prey/spider size ratio was
greater than 1.0 than did A. aurantia, a difference exhibited mainly .
between large spiders of both species. Although both species of
spider sppear to be selecting prey in the .50-1.0 relative-size range,
the mean relative size of prey taken by A. aurantia is larger than that

taken by A. trifasciata.
Specialization on Prey Taxa

Another possible mechanism for food partitioning would be for A.

aurantia and A. trifasciata to speicalize on different taxa of prey.
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However, since spiders prey primarily upon adult insects and as most

adult forms are available for only part of the season, specialization

on particular prey species is unlikely (Turnbull 1960). The two

Argiope spiders captured prey from the same orders and in similar pro-

portions, and therefore do not appear to be specializing on different

prey (Table 3). Other workers (Bilsing 1920; Turnbull 1960; Riechert

and Tracy 1975) have found that spiders attack a diverse taxonomic group

of prey dominated by common species.

Vertical Partitioning by Webs

Vertical stratification within the microhabitat is another

potential resource partitioning mechanism. It has been proposed that

jmmature A. aurantia and A. trifasciata partition the microhabitat by

constructing their webs at different heights in the vegetation (Enders
1974).

Web Height Differences

In the community which Enders (1974) examined (near Raleigh,

North Carolina), A. aurantia was the numerically dominant of these two

Argiope species. From May through July, A. trifasciata placed its webs !

significantly higher than did A. aurantia (Enders 1974). In my study

area, however, A. trifasciata was numerically dominant, and significant
differences in the heights at which the two spiders built their webs
occurred only in August and September, at which time A. aurantia's webs
were higher (Fig. u).

Dissimilarities between Enders' (19T74) study and mine may have

been due to differences in the relative and combined abundance of the
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two Argiope species in the habitats studied, and in the prey and their

distribution within the habitats. The highest Argiope densities

reported by Enders (1973) were higher than any I encountered and may

account for the prevalence of early-season vertical stratification

that he found. If the mean height of vegetation in the area Enders

(1974) studied was lower than in the area I studied, this would reduce

the possibility of the occurrence of significant differences in web

height when webs were at or near their maximum diameter in August and

September. Other workers have also observed A. aurantia's webs to be

built higher than those of A. trifasciata. Enders (1974) suggested

that this may be due to their occurrence in habitats which are less

homogeneous than the one he studied. Enders' (19T74) paper indicates

that his study area was dominated by Lespedeza cuneata and would there-

fore be more homogeneous than the area I studied.

Population Decline and the Absence of Web Stratification

A high degree of mortality appears to occur during the immature

stages of both species. Enders (1974) therefore postulated that the

two species could coexist at similar heights in August and September

because of the high rate of mortality in the previous months. However,
these spiders grow quite rapidly; I found that a decline in population

over one month was accompanied by an increase in biomass (Table 3).

Since the size of webs is related to the size of the spider (Witt

and Baut 1960; Waldorf 1976), the combined area occupied by webs

actually increased.
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Prey Stratification

Web stratification can reduce competition for food only if its

effect is to increase the amount of prey available to the spiders as a

whole. Further, the existence of differences in available prey among

strata would, in effect, increase the possibility of partitioning if
it coincided with the differences in the species' abilities to use

prey. Although the data indicate that the two Argiope spiders are

taking the same taxa of prey at the ordinal level, differences in prey

taken may nevertheless occur at lower taxonomic levels. Some prey are

more likely to be available at one stratum than at another. I collected

honeybees (Apis mellifera) from A. aurantia's webs 3 weeks earlier than

from A. trifasciata's and found that A. aurantia captured more bees

than did A. trifasciata for each week in which honeybees were captured.

At that time, the bees were primarily visiting goldenrod. Since the

blossoms were at or near the top of these rather tall plants, it is
very likely that stratification increased the availability of this re-

source to the spiders which were able to take advantage of it, thereby

increasing the total food supply (i.e., if A. aurantia's webs were not,
on the average, higher than those of A. trifasciata, when bees were
available, then fewer bees would probably have been caught). Bilsing
(1920) also reported that A. aurantia takes more honeybees than A.

trifasciata and attributed this to A. aurantia's large size, large

webs, and high web placement when wildflowers which attract honeybees

started to bloom.
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Resource Partitioning - Conclusions

A. aurantia and A. trifasciata thus differ in the mean size of
prey they take and in the mean height at which they .construct their
webs, suggesting that resource separation may be multidimensional.
Subtle differences in their habitat preferences have been reported

(Bilsing 1920; Gertsch 1949; Levi 1968; Enders 1973, 1974) and may be

reflected in web stratification. Alternatively, interspecific aggressive

interactions could promote web stratification and may be related to

competition for good web sites. Dissimilarities in web stratification
between Enders' (1974) study and mine may be related to differences in

relative or combined abundance of the two species as well as to possible

differences in the particular habitats.
The dissimilarity in mean sizes of prey captured in the experiments

resulted primarily from the rejection of a different portion of the

available prey by the two species. One might not predict that spiders

would reject prey if food were limited in the field; however, Turnbull
(1965) found that spiders kept on minimal diets did not attempt to

capture all food available to them. Although evidence exists that

spiders are generally food-limited (Miyashita 1968; Anderson 1974),
rejection rates of 11% and 18% have been reported in desert and woodland-
edge habitats, respectively (Turnbull 1960; Riechert and Tracy 1975).

The experiments indicate that the prey-capturing abilities of the two

Argiope species vary in ways that increase the differences in the sizes

of prey that they take. The webs themselves also appear to contribute

to the prey-size difference, since relatively small prey of a size

which filtered through A. aurantia's webs were retained by A. trifasciata's.
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Population Control

The argument presented thus far is consistent with these spiders

being controlled in a density-dependent way. However, it is necessary

to consider alternative explanations. Predators could alternatively

decrease population density and, as Paine (1966) demonstrated, reduce

or eliminate competition among their prey. The two Argiope species

have well-developed behavioral patterns that act in predator avoidance
(flexing the web, dropping off the web, or moving away from the hub:

Bristowe 1941; Tolbert 1975), and direct evidence of predation is in-

frequent. I did not observe any predation upon my spiders. However,

Enders (197Lh) did report occasional predation on immature A. aurantia

by non-araneid spiders and psammocharid wasps; and Tolbert (1975)

observed encounters between salticid spiders and the two Argiope species

in which the salticids were sometimes successful. Predation on A.

aurantia eggs, especially by wasps, has been reported (Comstock 1940;

Enders 197L); however, the high densities of these spiders early in

the season (as many as 12.7/m2: Enders 1973) suggests that predation

on eggs is unlikely to be controlling these populations. Overall,

then, it appears unlikely that predators limited the numbers of the

two Argiope species in this study or elsewhere.
Levi (1968) noted a decline in A. aurantia and A. trifasciata pop-

ulations over several years of drought in New England; however, when

rainfall returned to normal in the subsequent year, both species re-

appeared in large numbers. In fact, in most years these spiders are

found to be widespread and abundant in many parts of the United States

(Bilsing 1920; Gertsch 1949; Levi 1968; Enders 1973, 197h). Therefore,
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little evidence exists to suggest that environmental factors limit

these species during most years.

On the other hand, several lines of evidence suggest that the .

spiders were competing at least during some parts of the study. Al-
though the spider populations studied differ in the mean size of cap-

tured prey and in the mean height at which they build their webs, there

is some overlap in both parameters. Consequently, prey taken from the

range of overlap by one species reduces the food supply of the other.

In addition, aggressive interactions between spiders do occur. I

observed A. aurantia and A. trifasciata feeding on spiders of their own

or the other species. My observations coincide with those of Bilsing

(1920) and Enders (1974) in that about 1% of the prey observed on

Argiope webs were Argiope spiders. Enders (197hk) concluded from the

above and other evidence that these spiders invade each other's webs

and that interference was probably the proximal cause of their vertical

web placement pattern.

The lack of rainfall in the study area during the summer of 1976

may have decreased the prey populations. The smaller size of A.

trifasciata on two sampling dates in 1976 compared to the same dates

in 1975 could be a direct response to a lower prey population or could,

at least partially, result from poor web sites., Sites which were satis-

factory in 1975 may have been inadequate in 1976. A. aurantia, which
built their webs in taller vegetation than did A. trifasciata, exhibited

no reduction in size. Web sites in tall vegetation should, on the

average, be moister than those in shorter vegetation, if only on the

basis of the additional shade provided. Janzen and Schoener (1968) and

Schoener and Janzen (1968) found that, up to a point, arthropod
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abundance increased as one went from dry to moister areas. They also
suggested that small arthropods are more susceptible to dessication
than are larger ones; a relative advantage for A. aurantia since they
take larger prey.

Co-occurring populations of A. surantia and A. trifasciata often
appear to exist at relatively high densities. I found that although
density decreased as the season progressed, the rate of individual
spider growth and consequent increase in the size of webs is such that
a reduction in their populations was, for a time, accompanied by an
increase in their total biomass and in the area occupied by their webs.
In spite of population decline, web stratification occurred late in the
season and was accompanied by the continued and increasing interspecific
differences in the size of captured prey. Therefore, while not providing
unequivocal evidence, the changes and differences described suggest
that the two species were competing for food directly or indirectly by
competing for good sites at which to forage.

In general, my study suggests strongly that these two closely
related, sympatric species are competing and indicates that they ex-
hibit a variety of differences which tend to reduce the overlap in
their use of food and probably reduce the frequency of intérspecific
interactions. Field data indicate that differences exist in the size
of captured prey; and height, site and mesh size of webs. The experi-
ments indicate that they differ in their ability to capture prey of

the same relative size.



Appendix 1. Size of spiders, size of prey and height of webs for A. aurantia and A. trifasciata.

o

Length of spider (mm) Size of Prey (mm) Height of Web (cm)

Al 72 A T A T
Week mean mean W mean " mean mean mean
length n” length n p Vixw’n Vixwv n o) height n height n p
1975
28 Aug 18.6 1 2,7 11 6.1 1 3.8 b v | 80.0 1 60.3 11
"10 Sept 19.9 T 15.6 Q ## 6.6 9 4.1 9 * 67.6 T €8.0 9
23 21.3 4 16.8 g * T2 6 6.8 ) o 4 82,0 & 65.2 g #%
30 20.8 5 18.2 20 ** 8.0 13 7.8 37 75.% 5 T4.3 20
T Oct 21.T 3 19.5 1k TT L 7.6 16 Ti.T 3 78.8 1k
1k 21.% 5 18,1 11 #* 8.6 8 7.0 5 ) 59,8 5 Tél 11
1976
14 July 7.5 15 5.8 18 #x g8 15 2.1 18 33.7 15 36.1 18
20 8.5 13 6.0 17 *# 3.2 16 = ) 18 *# 33.8 13 39.6 17
27 8.7 11 T.0 13 ** 3.4 16 2.1 17 ** 34,9 11 k2.8 13
3 Aug 9.8 12 7.5 14 ## 3.2 15 2.0 16 *# 57.0 12 b1.h 1k %
11 10.% 15 8.5 13 % 3.5 16 2.k 17 #+ £3.1 15 50.8 13
17 12.8 10 8.4 13 ## k.0 15 2.2 15 *# 64.1 10 55.4 13
25 17.1 9 8.9 11 *# 5.8 15 3.2 15 #* 7.6 9 63.0 11
3 Sept 18.6 11 10.4 1k %# 6.7 18 3.2 15 *# 83.k 11 59.2 1k #»
10 20.7 9 - 11.h 1k == 7.8 15 3.k 16 ** 75.6 9 Sh,7T 1k *»
IT 20.3 T 14,7 12 *» 8.0 15 5.1 18 ¥# 6.1 T 62.1 12
2k 19.9 8 il 9 * 8.T 10 6.3 16 * 66.1 8 63.9 9

LA. aurantia
EA_. trifasciata
3semple size

l‘level of significance, * p <.05, ** p< .01 in F test for ANOVA (spider and prey data 1ln transformed)
5 Vlength x width

on
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