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Crab spiders show mixed effects on flower-visiting
bees and no effect on plant fitness components'
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Abstract: Predation on flower-visiting insects can potentially reduce pollination levels and hence plant fitness. We tested
this prediction in a field experiment with 10 matched pairs of milkweed patches in which one patch in each pair contained
crab spiders and the other patch was predator free. Significantly fewer honeybees were observed in the spider than no
spider patches, but there was no spider effect on the two species of bumblebees. A possible explanation for this difference
is that the honeybees suffered three times higher predation rates than the bumblebees. There were no spider effects on
either the rate of pollinia removal from milkweed flowers or the number and mass of seeds produced. The results suggest
that crab spiders may have only small effects on bees and plant fitness, at least where bees are abundant.
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Résumé : La prédation exercée sur les insectes visitant les fleurs pourrait réduire les niveaux de pollinisation et, par
conséquent, le succés reproducteur des plantes. Nous avons testé cette hypothése i I'aide d’une expérience menée sur le
terrain. Le dispositif expérimental comportait 10 paires de colonies d’asclépiades; chague paire était constituée d’une
colonie avec araignées-crabes et I'autre sans prédateur. Un nombre inférieur significatif d’abeilles a été observé au
niveau des colonies contenant des araignées par rapport 4 celles qui en étaient exemptes, mais les araignées n’ont eu
aucun impact sur les deux espéces de bourdons. On pourrait expliquer cette différence par le fait que les abeilles
auraient subi des taux de prédation trois fois plus grands que les bourdons. Par ailleurs, les araignées n'ont pas eu
d'influence sur le taux de prélévement des pollinies des fleurs dasclépiade ou sur le nombre et la masse des graines produites.
La présence d'araignées-crabes n’aurait donc que peu de conséquences sur les abeilles et les bourdons ainsi que sur le
succés reproducteur des plantes, du moins lorsque les abeilles et les bourdons sont abondants.

Mots-clés : abeilles et bourdons, araignées-crabes, interactions entre insectes et végétaux, pollinisation, prédation.

Nomenclature: Mitchell, 1960; Radford er al., 1968; Platnick, 2005.

Introduction

Much of the research in pollination biology has
focused on the ecology and evolution of flower visitors
and the plants they visit for floral reward (reviewed in
Real, 1983; Chittka & Thomson, 2001). Whereas the
focus on flowers and potential pollinators is clearly appro-
priate, there has recently been increased interest in the
effects of animals other than flower visitors on
animal-flower interactions. The most obvious category of
such animals is that of pollinators’ predators. Flowers are
predictable places for finding relatively high concentra-
tions of prey. Indeed, a wide variety of animals are either
obligate or facultative predators of flower visitors.
Notable examples include bee-wolves (Philanthus spp.)
and a few other taxa of sphecid wasps (Evans & O’Neill,
1988), various species of social wasps (Evans &
Eberhard, 1970; De Jong, 1990), crab spiders
(Thomisidae) (Morse, 1981; Morse, 1986b), predacious
bugs (Hemiptera) (Balduf, 1939; Greco & Kevan, 1995),
praying mantids (Mantidae) (Caron, 1990), bee eaters
(Meropidae) (Fry, 1983), and Old- and New-World fly-
catchers (Muscicapidae and Tyrannidae) (Ambrose,
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1990). In addition, parasitoids such as conopid flies
(Conopidae) also rely on flowers for locating and laying
eggs on hosts (Schmid-Hempel, 1998). Other animal cate-
gories that affect pollinator-flower interactions include
foliar herbivores (Irwin er al., 2003) and nectar thieves
that damage flowers (Galen & Cuba, 2001).

To date, only a few studies have examined the effect
of predation risk on flower visitors and plants (reviewed
in Dukas, 2001). In a recent field experiment, Dukas and
Morse (2003) documented that fewer worker bumblebees
(Bombus rternarius) visited experimental milkweed (As-
clepias syriaca) plots harbouring crab spiders (Misumena
vatia) than matched plots with no crab spiders. Suttle
(2003) also reported that fewer insects visited inflores-
cences of ox-eye daisy (Leucanthemum vulgare) harbour-
ing crab spiders (M. schlingeri) than inflorescences with
no spiders. Furthermore, an experiment comparing seed
sets of 16 matched ox-eye daisy plants suggested 17%
fewer seeds on spider-harbouring compared to spider-free
inflorescences (Suttle, 2003). Finally, lizard predation
(Liolaemus bellii) significantly reduced visitation rates and
visit durations by satyrid butterflies (Cosmosatyrus chilen-
sis) and syrphid flies (Scaeva melanostoma) to flowers of
Chuquiraga oppositifolia (Asteraceae) in the Chilean
Andes (Munoz & Arroyo, 2004). Moreover, plants




exposed to lizards had lower seed set compared to lizard-
excluded plants (Munoz & Arroyo, 2004).

To further evaluate the effects of predators on polli-
nators and plants, we extended our previous work with
milkweed (Dukas & Morse, 2003). We conducted a repli-
cated, controlled field experiment to test two central pre-
dictions. The first prediction was identical to the prediction
in our previous paper (Dukas & Morse, 2003), namely
that experimental milkweed patches harbouring crab spi-
ders would have fewer bee visitors than matched, spider-
free, control patches. The second prediction was that the
rate of pollinia removal and seed production per milk-
weed stem, measures that are related to male and female
fitness respectively, would be lower in patches with spi-
ders than without them. We used patches as the experi-
mental units because our earlier work indicated significant
spider effects at the level of patches but not individual
umbels (Dukas & Morse, 2003).

Methods

STUDY AREA AND SPECIES

The experiment was conducted at an old field in
South Bristol, Lincoln County, Maine in July 2003. The
field contained several clones of common milkweed
(Asclepias syriaca) in early bloom, collectively consisting
of more than 10,000 flowering stems. Typically, each
milkweed stem produces a few inflorescences (umbels),
each containing between 30 and 75 flowers, more than
half of which are at the nectar-producing stage when at
peak umbel bloom (Morse, 1986a). Milkweeds are the
preferred hunting ground of crab spiders (Misumena
vatia), which are ambush predators that prey on various
flower-visiting insects, including bumblebees (Morse,
1979; Morse, 1981; Morse, 1986b).

The dominant visitors to milkweed in our study area
were two species of bumblebees, Bombus ternarius and
B. vagans, and honeybees (Apis mellifera). All crab spi-
ders used in the experiment were adult females collected
within 10 km of the experimental site.

THE MATCHED-PATCHES AND STATISTICAL ANALYSES

In early July, we cleared milkweed stems to create 10
matched pairs of patches. Each patch contained 20 stems
in bud stage and was surrounded by 2-3 m of clearing,
which separated the patch from its matched pair and other
plants not included in the experiment. We randomly
assigned one patch in each matched pair to be the spider
patch. We then covered all 400 stems with bags made of
fine-mesh nylon tricot to exclude insect visits. The experi-
ment commenced after all stems started to bloom.

Our experimental protocol involved 10 matched
patch-pairs. Hence, all the statistical analyses consisted of
repeated measures ANOVAs, which treated the matched
pairs as 10 independent experimental units.

BEE AND SPIDER CENSUS

On the morning of day 1, we removed all the bags
and placed one crab spider on each of 7 stems in each of
the 10 spider patches, a density within the normal range
of abundance of this species (Dukas & Morse, 2003). We
also examined the 10 matched no-spider patches to verify
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that they were indeed free of crab spiders. Each day from
day 1 through day 7, we conducted six bee counts in each
of the 20 patches every 30 min between 1100 and 1400,
the peak visitation times of the bees. In addition, we also
scanned each spider patch twice a day to monitor spider
presence and the identity of prey species the spiders were
observed to consume.

MILKWEED FITNESS COMPONENTS
POLLINIA REMOVAL

On day 4, we randomly selected five stems in each of
the 20 patches. On each of these stems, we chose an
umbel with few or no opened flowers and marked with a
permanent marker one sepal on each of the open flowers.
On each of the succeeding five days, we used a unique
colour scheme to mark all the newly opened flowers on
that umbel. On either day 7 or 8, once all the flowers on
the first umbel had opened, we switched to a new umbel
on the same stem and repeated the procedure just
described. On each afternoon from day 7 to day 11, we
picked one 3-d-old flower from each of the 100 umbels
and counted under a dissecting microscope the number of
pollinia missing in each of the flowers. The majority of
pollinia are removed from flowers within the first 3 d
of blooming (Morse, 1987). Overall, we counted five
flowers in each of the 20 patches on each of 5 d, for a
total of 500 flowers.

FRUIT AND SEED CHARACTERISTICS

On day 12, we removed all crab spiders from the spi-
der patches and put back the mesh bags on all stems in all
patches. We removed the bags once all blooming ended in
mid-August. At the end of August, we counted and
removed all pods from all the plants. We then randomly
chose 10 pods from each of the 20 patches and measured
i) the total number and total mass of all the seeds per pod
and #i) individual mass of five randomly chosen seeds from
each pod. Aborted and broken seeds were avoided except
in a few cases where no other seeds were available.

Seed production may be affected by both seed preda-
tors and crab spiders who prey on some seed predators
(Louda, 1982; Romero & Vasconcellos-Neto, 2004). We
observed, however, no seed predation in our samples.
The major seed predators of common milkweed in our
geographic area, milkweed bugs (Lygaeus kalmii:
Lygaeidae) and milkweed beetles (Tetraopes tetraophthal-
mus: Cerambycidae) appeared infrequently at our study
sites and, when encountered, were at low densities (D. H.
Morse, pers. observ.).

Results

BEE CENSUS

We counted approximately twice as many worker hon-
eybees in the spider-free as in the spider patches (repeated
measures ANOVA, F, 4 = 8.1, P < 0.05, Figure 1). That
pattern was consistent over all days (P > 0.1 for the spi-
der x day interaction). In eight of the matched pairs of
patches, we recorded more honeybees in the spider-free
patch than the spider patch but there was significant
between-pair variation in the magnitude of difference (P <
0.01 for the spider x patch-pair interaction). In contrast to
the honeybees, workers of the two bumblebee species
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Figure 1. The average (+ SE) number of individual honeybees and
two species of bumblebees in 10 spider and 10 no spider milkweed
patches over 7 d.

were about equally distributed between the spider and no
spider patches (F, ¢ = 0, P =1 for B. ternarius, F,
03, P>0.5 for B vagans, Figure 1). All three’ bee
species showed a large increase in the number of individ-
uvals during the 7-d census period (P < 0.01 for each of
the three species).

SPIDER CENSUS

We spotted an average of 4.4 + 0.3 (mean + SE) spi-
ders per spider-patch each day. The daily average of bee
prey observed while being consumed by spiders in these
patches was 7.1 + 2.2 honeybees, 2.3 + 0.5 B. ternarius,
and 2.3 £ 0.4 B. vagans.

MILKWEED FITNESS COMPONENTS
POLLINIA REMOVAL

The average number of pollinia removed from flow-
ers in the spider and no spider patches was virtually iden-
tical: 2.27 £ 0.12 and 2.30 + 0.12, respectively (repeated
measures ANOVA, F 4 = 0.08, P > 0.5). There was a
large increase in the number of pollinia removed during
the 5-d census period (P < 0.01), but all interactions were
non-significant (P > 0.2).

FRUIT AND SEED CHARACTERISTICS

We compared four components of female fitness: the
number of pods per plant, number of seeds per pod, total
seed mass per pod, and average seed mass. All of the four
measures indicated nearly identical female fitness compo-
nents in the spider and no spider patches. The values in the
spider and no spider patches, respectively, were 3.2 + 0.4
and 3.18 + 0.5 pods-plant! (repeated measures ANOVA,
F) 9=02,P>0.8), 179 £2.7 and 178 * 2.7 seeds- pod-!
(F 9=0.1, P>DS), 0.38 £ 0.01 and 0.36 + 0.01 g total
seed mass-pod’! (F; 4=0.29, P>0.5), and 2.16 + 0.06 and
2.11 £ 0.06 mg average seed mass (F) ¢=0.08, P>0.5).

Discussion
EFFECTS OF CRAB SPIDERS ON BEES

Fewer honeybees visited the spider than no spider
patches. Similar numbers of the two species of bumble-
bees, however, were observed in the spider and no spider
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patches (Figure 1). These mixed results resembled the
mixed results obtained in a similar experiment conducted
in 2001. In the 2001 experiment, we documented fewer
B. ternarius but not B. vagans in the spider than the no
spider patches. In 2001, honeybees exhibited a highly sug-
gestive though non-significant pattern of fewer workers in
the spider than the no spider patches. Our statistical power
for honeybees, however, was low in 2001 because the hon-
eybees visited only 60% of the matched patches (Dukas &
Morse, 2003). In sum, in two distinct experiments, we
documented a similar pattern of fewer honeybees in spider
than no spider patches, fewer individuals of B. ternarius in
spider than no spider patches in 2001 but not in 2003, and
no spider effect on B. vagans in either year.

It is easy to explain the crab spiders’ negative effect
on honeybees and lack of effect on B. vagans. In both
2001 and 2003, approximately three times more honeybees
than individual B. vagans were killed by crab spiders. This
difference reflected higher attack and predation rates on the
small honeybees than on the large-bodied B. vagans
(Dukas & Morse, 2003). We do not, however, have suffi-
cient information to explain the difference between years in
the effect of crab spiders on B. ternarius.

We did not attempt to differentiate between direct and
indirect crab spider effects because either can potentially
decrease plant fitness. We can, however, estimate the rel-
ative direct effect on honeybees based on data from a
simultaneous study in the same field, in which we marked
all individual honeybees visiting two pairs of matched
milkweed patches, each consisting of one spider patch and
one no spider patch. Only seven out of a total of 343
marked individuals (2%) were killed by the crab spiders
over a 9-d period. This indicates that indirect predator
effects were dominant. It is noteworthy that in honeybees,
which communicate about floral resources (von Frisch,
1967; Dyer, 2002), the death of a few scouts may be mag-
nified into a strong effect on recruitment rate to flowers.

EFFECTS OF CRAB SPIDERS ON MILKWEED FITNESS COMPONENTS

Crab spider presence did not reduce either male or
female fitness components in milkweed, as both the rates
of pollinia removal from flowers and several measures of
seed production were nearly identical in the spider and no
spider patches. One might argue that crab spiders may
have negative impacts on milkweeds at either smaller or
larger spatial scales than that of a patch. We focused on
patches, however, because our earlier work indicated sig-
nificant spider effects at the level of patches but not indi-
vidual umbels (Dukas & Morse, 2003). Unfortunately,
experimental logistics precluded using fields as the exper-
imental units because of insufficient sample sizes.

Our experiment suggests that the effect of crab spi-
ders may be negligible when pollinator abundance and
visitation rates are relatively high. The most likely expla-
nation for the insignificant effect of crab spiders is their
low rate of predation. A crab spider that has captured a
bee spends several hours on feeding and digestion (Morse,
1979). Hence, digestive constraints may limit per capita
hunting rate by mature female crab spiders to less than
one bumblebee per day (Fritz & Morse, 1985) even when
prey is readily available.
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