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A STUDY OF DISTURBANCE BEHAVIORS IN Uloborus glomosus
AS POSSIBLE PREDATOR AVOIDANCE STRATEGIES
by
Paula Elizabeth Cushing
Brent D. Opell, Chairman
Zoology
(ABSTRACT)

When touched with a contact stimulus, 50% of adult
Uloborus glomosus Jjumped from the web; 33% remained
motionless; 13% moved to the edge of the web; and 4%
shook the web. In a population of juveniles, 45% moved
to the edge of the web; 27% jumped from the web,; 24%
shook the web; and 4% remained motionless.

Adults with either stabilimenta or eggsac chains in
their webs showed a tendency to shake their webs in the
morning and move to the edge in the evening. Those
without web structures Jjumped from their webs throughout
the day. Juveniles with stabilimenta shook their webs in
the afternoon; those without stabilimenta shook their
webs in the evening. Adults aligned with web structures
remained motionless when disturbed.

Marked adults observed over the course of 4 weeks
moved to the edge of the web or remained motionless when
contacted in the mornings and jumped in the afternocons

and evenings. During this time, the frequency of the



jumping behavior increased.

An adult U. glomosus jumped from its web in
response to contact by a spider-hunting wasp. Other
spiders tested with a contact stimulus and the combined
visual and vibratory stimuli produced by a tethered wasp
responded only to contact.

Females tending their eggsac chains exhibited two
types of defensive behaviors when either the parasitoid
Arachnopteromalus dasys or spiderlings were placed on

their eggsacs. They jerked their webs and swept the

eggsacs with their long front legs.
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GENERAL INTRODUCTION

Most predator prey studies of spiders view spiders
as predators rather than prey. Although spiders are
important prey items of some wasps, birds, and other
spiders, few studies investigate the defensive mechanisms
spiders use to avoid predation. Crane (1952) defined
seven distinct defensive mechanisms in invertebrates:
crypsis; active escape; startle response; attack;:
withdrawl into protected position; unpalatability; and
chemical concealment (a "smoke screen”). The first five
of these mechanisms are expressed by different spiders.
No spiders are known to be unpalatable nor do spiders
have the ability (as do some cephalopods) to release a
chemical smoke screen. Therefore, these last two
defensive mechanisms will not be discussed.

Crypsis, as described by Robinson (1869a). includes
background coloration (homochromy); countershading;
disruptive coloration; and mimicry of inedible objects.
For example, members of the genus Gasteracantha
(Araneidae) have a bizarre body form that resembles a
thorny twig (Robinson 1869a). Some spiders in the
families Clubionidae and Salticidae mimic distasteful ant
species (Reiskind, 1977). Miagrammopes (Uloboridae)
species have long, slender legs and abdomens that confer

a twig-like appearance (Lubin et al. 1978, Lubin 1986,



Opell 1984, 1986), as do many members of the family
Tetragnathidae (Robinson and Robinson 1870), while
Wagneria (Araneidae) resembles debris (Robinson and
Robinson 1870).

Several genera in both the ecribellate orb-weaving
family Araneidae and the cribellate orb-weaving
Ulocboridae enhance their morphological crypsis by adding
denser silk structures called stabilimenta to their webs.
These stabilimentum builders include five araneid genera:
Argiope, Cyclosa, Gasteracantha, Gea, and Nephila

(Tolbert 1875) and six uloborid genera: Uloborus, Zosis,

Octonoba, Conifaber, Philoponella, and Lubinella (Lubin
1986). Marples (1969) describes stabilimenta as

consisting:
" of straight or zigzag ribbons of silk radiating
from, or surrounding, the hub [of the orb web].
Sometimes the hub is transformed into a central
platform of varying degrees of complexity, and this
may be combined with the peripheral decoration.
Sometimes foreign bodies, such as the pellets
formed from the remains of prey wrapped in silk,
pieces of vegetable matter or even the egg cocoons
of the spider itself, play a part in the
decoration."”

Marples chose to use the word "decoration” in place
of "stabilimentum" since he believed the latter term to
be a misnomer implying a stabilizing, rather than a
cryptic, function. In describing the cruciate zigzag

stabilimentum in the webs of the genus Argiope

{Araneidae) Hingston (1927) says "the structure is



therefore a confusion device. Through its presence the
outline of the spider is lost. The spider looks part of
the complicated zigzag and is no longer a living thing."”

Although the stabilimentum’s cryptic function is
supported by many authors, (Hingston 1927, Bristowe 1941,
Marson 1947 a, b, Marples 19639, Ewer 1972, Eberhard 1873,
Tolbert 1975, Lubin 13980}, it is only one of three
postulated functions. Horton (1980) and Eisner and
Nowicki (1983) suggest that stabilimentum is aposematic,
serving to warn avian predators (such as blue jays) of
the web’s presence. The blue jays (Horton 1880)
associated the stabilimentum with the web’s adhesive
capture threads that stuck to their feathers and,
therefore, chose not to feed on the spider.

A third hypothesized function of the stabilimentum
is that it strengthens a web. Robinson and Robinson
(1970, 1973, 1978) found, for example, that, despite
common belief, most webs of Argiope and Nephila
(Araneidae) are devoid of stabilimenta, and spiders which
do incorporate stabilimenta into their webs often have
incomplete or skeleton webs that would be reinforced by
these thickened bands of silk. Their data also indicated
that Argiope rarely builds the complete cruciform
stabilimentum so evident in photographs of this spider.
Single or multiple arms of stabilimentum silk are more

common and are usually built below the hub in the larger



portion of the web. Based on this evidence, they suggest
that the stabilimentum is strengthening and adjusting the
mechanical state of the web. The Robinsons themselves
admit that "“this view is . . . somewhat nebulous”
(Robinson and Robinson 1870).

In the same study they also provide evidence
against the hypothesis (Horton 1980, Eisner and Nowicki
1983) of the aposematic function of stabilimenta. They
determined that some birds (flycatchers, antshrikes, and
kingbirds) could use the stabilimentum patterns as cues
for locating the resident spider. However, they suggest
that with juvenile araneids, which often construct a
solid circular stabilimenta platform, the stabilimenta
may have an anti-predator function (Robinson and Robinson
1970).

Araneid and uloborid orb-weaving spiders that
include stabilimenta in the hubs of their webs are all
diurnal and typically rest at the web’s center (Eberhard,
1973). In this position they are particularly vulnerable
to visually hunting predators. When disturbed, many of
these spiders show distinct avoidance, or escape
behaviors (Crane’s second predator avoidance mechanism)
including jumping or dropping from the web, moving to the
edge of the web, and moving through the web to the other
side. Although these behaviors have been described,

little quantitative evidence has been gathered to support



the hypothesis that these are effective predator
avoidance mechanisms.

Incidents of jumping (or dropping) from the web,
which Edmunds (1974) calls an escape response, have been

reported in the araneid genera Araneus (=Epeira) (Pekham

and Pekham 1887, Eberhard 1970); Cyclosa {(Hoffmaster 18982
a, Levi 1877, Eberhard 1973); and in Argiope (Hoffmaster
1982 a, Robinson and Robinson 1870, 1978, Ewer 1972,
Eberhard 1973, Tolbert 1975). The jumping response has
also been observed in the uloborid genus Uloborus
(Hoffmaster 1982 a, Marples 1969, Eberhard 13970). I have
observed this response in non-orb-web-weavers of the
families Linyphiidae and Theridiidae.

Many orb-weavers move to the edge of the web when
disturbed. This response has been reported in the araneid
web-weaver genera Nephila (Hoffmaster 1882a); Cyclosa
(Hoffmaster 1982 a); and Argiope (Ewer 1972, Tolbert
1975, Hoffmaster 1982 a). The uloborid genus Uloborus
also exhibits this response (Hoffmaster 1982 a, Eberhard
1973).

Some large orb-weavers complete their webs by
biting out the hub to leave a hole. When disturbed, they
move through this hole to the other side of the web
placing the web between the spider and the stimulus.

This has been reported only for spiders of the genus

Argiope (Tolbert 1975, Robinson and Robinson 1870).



Crane’s third predator avoidance mechanism is the
startle response. This is also commonly shown by
orb-weaving spiders that vibrate or shake their webs when
disturbed. Edmunds (1874) considers this shaking response
a startle display because "the animal becomes blurred in
appearance, possibly with an apparent increase in size,
and it must be very difficult for a predator to launch a
successful attack on such a target."” Shaking has been
noted in the araneid genera Cyclosa (Levi 1877, Eberhard
1873, Hoffmaster 1882 a); Argiope (Robinson and Robinson
1970, 1978, Ewer 1972, Eberhard 1873, Tolbert 1975,
Hoffmaster 1982 a); and Nephila (Hoffmaster 1882 a). It
has also been noted in the uloborid genus'Uloborus
(Eberhard 1973) and the cobweb genus Pholcus (Pholcidae)
(Edmunds 1974).

The fourth predator avoidance mechanism described
by Crane (1852) is an attack response. Visually oriented
spiders such as thomisids, salticids, and lycosids often
rear up and lunge at a stimulus. A rearing, or attack,
response against disturbance is also occasionally seen
in orb-web spiders of the genus Argiope (Ewer 1972,
Tolbert 1975, Hoffmaster 1982 a). However, this is not a
common response to disturbance by these orb-weavers.

Much more common among orb-weavers is the fifth
predator avoidance mechanism mentioned by Crane (1952):

withdrawal into a protected position. Many orb-weavers



of the genus Araneus build a retreat made of leaves bound
together by silk (Levi 1968, Eberhard 1970, Edmunds
1974). The spider remains in this retreat most of the day
and often returns to it when disturbed. Members of the
genus Tetragnatha (Tetragnathidae), if disturbed while on
the web, run to surrounding vegetation where they assume
a twig-like cryptic posture (Eberhard 1973). Some
Philoponella (Uloboridae) species use a silk retreat
(Lubin 1986). Cobweb spiders of the family Theridiidae
commonly run to a silken retreat at the edge of their
webs when disturbed (Eberhard 1873).

It is appropriate to consider these five behavioral
responses as predator avoidance mechanisms only if
predators exert selection pressure to maintain the
behaviors in the population. The three most important
groups of predators on orb-weaving spiders are other
spiders, wasps, and birds (Bristowe, 1941).

Most spiders are opportunists and readily attack
conspecifics and other spiders. Wandering spiders of the
families Lycosidae (wolf spiders) and Salticidae (jumping
spiders) attack and eat orb-weavers (Bristowe 13941,
Hoffmaster 1982 a). When one web-spinner enters
another’s web, it is often captured (Bristowe 1941). In

the Araneidae orb-weaving species Argiope argentata

(Frabricius), Nephila clavipes (Linne), Cyclosa caroli

(Hentz), and the ulocborid species Philoponella



(=Uloborus) republicana (Simon), moving to the edge of
the web, dropping or jumping from the web, and shaking

the web were effective defensive behaviors against the

visually oriented salticid predator Phiale guttata (Koch)
(Hoffmaster 1982 a). The shaking response was
particularly effective in dislodging the salticid from
the orb-spider and propelling it either off the web
entirely or into the sticky spiral where the orb-spider
could subdue it.

Birds are also important spider predators,
especially hummingbirds and other small nesting birds
such as starlings, wrens, tits, and robins (Bristowe
1941). Birds tend to be generalist spider feeders,
hunting primarily conspicuous, diurnal spiders (Bristowe
1941). When Hoffmaster (1982 a) exposed the four
aforementioned orb-weavers and the araneid species,
Leucauge venustra (Wakkenaer), to the hummingbird
Phaethornis superciliosus (Linne) (family Trochilidae),
all the spiders except P. republicana shook the web.

Argiope argentata and L. venustra also moved to the edge

of the web; and all the spiders except A. argentata and

Cyclosa caroli dropped or jumped from the web. Each

behavior was in direct response to hummingbird attacks.
Hoffmaster’s quantitative evidence supports the
hypothesis that these disturbance behaviors are responses

to attacks by visually oriented predators.



Bristowe (18941) says that "fossorial wasps
[primarily those in the families Sphecidae and
Pompilidae] are commonly regarded as being one of the
most, if not the most important enemies of spiders."
Because pompilids store only one prey item per cell
(burrow) upon which they lay their egg (Krombein 1867),
they hunt only large spiders, usually wandering spiders
rather than orb-weavers. In contrast, sphecid mud-dauber
wasps store many spiders per mud cell and are much less
selective about the size class of their prey. They
collect a wide range of spider taxa-- wanderers and
web-builders alike-- including immature individuals
{Krombein 1967). Sphecid wasps include the genera

Chalybion, Trypoxylon, Sceliphron, and Trypargilum. The

last three genera build mud cells on buildings, rocks,
and trees, whereas Chalybion uses the mud cells built by
other wasps (Evans and Eberhard 1970). A female wasp
hunts a spider, paralyzes it with her sting, and then
carries it back to an existing mud cell. Before closing
off the cell, she lays an egg on the abdomen of one of
the paralyzed spiders (Rau 1915).

Predation pressure from these mud-daubers may be an
important factor that serves to maintain the previously
described predator avoidance mechanisms in the
orb-weaving spiders. Some orb-spiders jump from their

webs in response to sphecid or pompilid wasps (Richards



and Hamm 1939, Eberhard 1970, Coville 1976). Of the
sphecid genus Trypargilum, Krombein (1967) notes that
these wasps, when hunting web spiders, "probably snatch
the spiders directly from the web. Species . . . that
use snare builders almost entirely, probably dash at the
spider in its web and frighten it into dropping off the
web to the ground where the wasp picks it up."” Richards
and Hamm (1939) cites several examples of this behavior
by pompilid wasps. It appears that most wasps find it
difficult to capture a spider hanging from its dragline
in midair.

There is no record of the effectiveness of the
shaking response against hymenopteran predators. However,
Hoffmaster’s (1982 a) work suggests that this behavior
may effectively dislodge non-flying predators such as
other spiders.

Objectives:

The purpose of this study was to examine predator
avoidance behaviors in the Uloboridae orb-weaver Uloborus
glomosus (Walckenaer). This spider exhibits three of the
five putative predator avoidance mechanisms discussed
above: crypsis, active escape, and a startle response.
These horizontal orb-weaving cribellate spiders are
common throughout the eastern U.S. and are abundant on
the shrubbery of the Virginia Tech campus.

Uloborus glomosus remains in what is thought to be

10



a cryptic posture at the hub of its horizontal web most
of the time except when attack wrapping a prey and
sometimes when feeding at the web’s hub. This cryptic
posture involves appressing the first pair of long front
legs and extending them directly ahead of the spider,
with the tibia-metatarsus joint bent at 90 degrees (Opell
and Eberhard 1984). When assuming this posture, the
spider resembles a small twig --none of the spider’s
extremities are distinguishable. Dense setal tufts on
the tibiae of the long first legs further enhance this
resemblance. According to Opell and Eberhard (18584),
these tufts hide the tips of the second legs which rest
next to the tibiae of the first legs and obscure the
outline of the legs. The legs of these spiders also
display disruptive coloration.

When disturbed, some individuals jump from the hub
of the web while others will run to the edge of the web.
Both of these behaviors are active escape responses. The
jumping behavior has several distinct elements (Fig. 1):
1) The spider propels itself off the web anteriorly at an
approximate angle of 16 degrees to the vertical. 2) It
releases a variable length of dragline silk attached to
the web’s hub and hangs at the end of this dragline in
the cryptic posture described above. Both at the hub and
at the end of the dragline, the spider maintains an

approximately horizontal orientation, although at the hub

11



the long front legs are bent at the tibiae-metatarsus
joint about 80 degrees whereas at the end of the dragline
the legs are bent at this joint only about 25 degrees. 3)
After an interval of a few seconds to 20 minutes the
spider swings upward and grasps the dragline with the
first two pairs of legs. It uses these legs to ascend
the dragline back to the web’s hub. 4) The spider stops
from one to five times on its assent. At each stop, the
spider reassumes the cryptic posture; orienting itself
vertically rather than horizontally with the long first
legs directed toward the web and bent at the
tibiae-metatarsus joint about 90 degrees.

Eberhard (1873) described a similar behavior in the
uloborid Philoponella diversus (Marx). Pekham and Pekham
(1887) suggest that "the habit of keeping still after
dropping must not only help a spider to avoid detection,
but must also make it more certain of finding its way
home after the danger is over." This may also explain why
uloborids rarely lower themselves onto a substrate after
jumping; to do so might risk entangling their dragline or
exposing themselves to predators.

Some U. glomosus show a startle response when
disturbed. This shaking behavior consists of a series of
rhythmic oscillations that continue for several seconds
and appears to be initiated when a spider is contacted

ventrally. This behavior also has distinct features:

12



after being contacted, the spider alternately flexes and
extends the long front legs and, to a lesser extent, the
second pair of legs. Sudden flexion/extension seguences
result in the rhythmic movement of the spider’s body and
sets up web oscillations.

These apparent predator avoidance behaviors are not
always effective in eluding predators. Uloborus glomosus
have been found in nests of the mud dauber genera
Sceliphron and Trypoxvlion (Dorris 1868). Other uloborid
prey (species unidentified) have been cited from

Trypoxylon nests (Iwata 1976, Griswold and Coville 18986).

These observations demonstrate that the horizontal
cribellar web of U. glomosus does not itself entirely
deter hymenopteran predators and thus makes relevant an
investigation of the three postulated predator avoidance

mechanisms.

This study had five objectives: 1) to determine the
frequency of the postulated predator avoidance behaviors
in adult and juvenile populations of U. glomosus and to
determine what factors influence the expression of these
behaviors, 2) to determine how consistent the disturbance
behaviors expressed by individual spiders are both
throughout a day and over several days, 3) to obtain
direct evidence that these hypothesized predator

avoidance mechanisms actually enable a spider to avoid

13



visually hunting predators, 4) To determine what stimuli
are necessary or sufficient to trigger the active escape
(jumping from the web) and the startle (shaking)
responses, and 5) to investigate the influence of eggsacs
upon an attending female’s behavior. Each objective is

discussed more fully below.

1 & 2) Several factors may influence the expression
of the disturbance behaviors. I was particularly
interested in the influence of time of day, the presence
of silk stabilimentum, the presence of an eggsac chain,
and alignment of the spider with the stabilimentum or the
eggsac chain.

If the jumping behavior is a predator avoidance
strategy, I expected to see differences in the expression
of the jumping behavior from one time of day to another
at both the population and individual levels (objectives
1 and 2). The jumping behavior is likely to be costly
both energetically and strategically because, after a
spider jumps, it may fall into another spider’s web or
lose a productive web site. Therefore, it would be to
the jumper’s benefit to weigh the cost of this behavior
with the likelihood that the disturbance is, in fact, a
predator. Since hymenopteran predators are diurnal and
are active 1 - 3 hours after sunrise until 1 - 3 hours

before sunset (Coville 1987), spiders which jump from the

14



web should do so most readily during times of the day
when predators are most active.

The shaking response, on the other hand, seems,
from Hoffmaster’s study, to be associated with predation
attempts by non-flying visually hunting predators such as
other spiders. If this is the case, then I predicted no
difference in the display of this disturbance behavior
from morning to afternoon to evening either for the
population of U. glomosus (objective 1) or for individual
spiders (objective 2), as wandering spiders like
salticids are active in the morning and the afternoon and
others, such as lycosids, are active in the evening. If
the shaking response is primarily a startle display, it
would be effective against any visually hunting predator
and would, therefore, also be displayed during all times
of the day.

One hypothesis of the function of stabilimenta is
that they enhance the spider’s crypsis. Mature female U.
glomosus often have a linear chain of eggsacs in their
web. When such an eggsac chain is present, the female
spider normally remains aligned with it. In such a
position it is very difficult to distinguish spider from
eggsac. Therefore, the eggsac chain may also have a
cryptic function.

If posture and alignment with the stabilimentum or

with an eggsac chain enhance the spider’s crypsis and

15



thus protect it from visually hunting predators, then the
spider should remain in its cryptic posture aligned with
the stabilimentum or with the eggsacs throughout the day.
Additionally, if stabilimenta or eggsacs are particularly
effective cryptic devices, then spiders which have
neither stabilimenta nor eggsacs may display different
disturbance behaviors than spiders with these web
structures. Spiders which have these structures but are
not aligned with them may also show different disturbance
behaviors than spiders which utilize theée devices to

enhance their crypsis.

3) As previously noted, orb-weavers jump from their
webs directly in response to hymenopteran and avian
predators. If the jumping and shaking behaviors (in
particular) are predator avoidance strategies I expected
to observe instances of these behaviors in response to

predators during my study.

4) As an approaching flying predator (such as a
wasp) provides several potential cues, it is important to
determine which stimuli trigger the disturbance |
behaviors. Spiders may respond to sight, air-borne
vibrations, and direct contact. Pekham and Pekham (1887)
noted that orb-weaving spiders jumped or dropped from

their webs when a tuning fork was held near them.

16



Occasionally I observed U. glomosus jump from its web
when gently blown on, although the behavior was elicited
more readily when the spider was lightly touched. The
shaking response appeared to be set off only by contact.
Therefore, I predicted that either a contact stimulus or
air-borne vibrations trigger the disturbance behaviors

shown by U. glomosus.

5) Finally, I wished to determine the influence of
eggsacs upon a female’s behavior. While conducting the
population studies (objective 1), I noted that mature
female U. glomosus with eggsacs tended to remain with
their eggsacs when disturbed and seldom showed the
disturbance behaviors described above. This behavior may
be adaptive either because it enhances the protective
resemblance of the female or because it places the female
in a better position to defend her eggsacs against
predation or parasitism. Although these hypotheses are
not mutually exclusive, each predicts a different female
response. If the eggsacs are primarily enhancing the
female’s crypsis, then the female should not respond to
an insect (i.e. an eggsac parasite) crawling over her
eggsacs. However, if the female is protecting her
eggsacs, then she should display a defensive behavior

when an insect crawls over them.
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INTRODUCTION: SURVEYS AND FILMING

Uloborus glomosus spiderlings emerge from eggsacs
as 2nd instars and reach maturity in the 6th instar.
Mature females have a cephalothorax-abdomen length of 10
to 12 mm. Uloborids buiid their webs at night but
monitor them and capture prey during both day and night.
They replace their webs at night, but only when damage is
great. During the day both juvenile and adult uloborids
rest at the hub of their orb webs in what appears to be a
cryptic posture (Opell and Eberhard 1984).

This study had two objectives: 1) to evaluate the
factors that may influence the expression of the
disturbance behaviors in juvenile and adult U. glomosus,
and 2) to determine if these behaviors are, in fact,
predator avoidance strategies. To accomplish the first
objective I was specifically interested in the following
factors: time of day (morning, afternoon, or evening);
presence of a stabilimentum; presence of an eggsac chain;
and the alignment of the spider (or spiderling) with
either of these two web structures.

If the three disturbance behaviors are the results
of predation pressure, then there may be a time
difference in the expression of the behaviors correlating
with the times when wvisually hunting predators are most

active. Such time differences in behavioral patterns
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have been noted in both vertebrates and invertebrates.
Tinbergen (1965) described the differences in habitat
selection at night and during the day in Black-headed
gulls as a response to predation pressure. At night the
gulls roosted in exposed, open areas where mammalian
predators would be visible from afar whereas during the
day, the birds occupy the grassy breeding grounds where
mammalian predators would be more difficult to see but
where the camouflaged brood is more protected from flying
predators. Robinson (1968 a, b, 1968b) described the
time influenced behavioral patterns in several mantids
and stick insects (Orthoptera) which he, also, said
evolved in response to predation pressure. These animals
are active at night and assume a cryptic resting attitude
during the day unless they are disturbed. Disturbance
(such as touching or pinching the insects) triggers
escape behaviors such as jumping or dropping from the
substrate, startle displays such as suddenly exposing
brightly colored wing patterns, or defensive behaviors
such as attempts to bite the stimulus.

If the disturbance behaviors shown by U. glomosus
developed in response to predation pressure, particularly
wasp predation, then they should be seen most frequently
during the morning or afternoon when wasps are most
active (Coville 1987). If, on the other hand, the

shaking behavior is primarily a response to nonflying
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