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ABSTRACT. Seasonal fluctuations, phenology and diet of Misumenops argenteus (Araneae, Thomisi-
dae) on Trichogoniopsis adenantha (Asteraceae) were investigated in the Serra do Japi, southeastern Brazil,
over a 2 year period. This spider population increased at the beginning of the rainy season, reaching a
peak in March, and decreased in May, reaching its lowest density in the cold/dry season. In the rainy
season (December—May), most of the individuals were in the young or juvenile phase (36" instars).
The spiders reached adulthood between the end of the cold/dry season and the beginning of the hot/rainy
season. Analysis of tempora displacement (with up to a 3 month delay) detected a one month delay
between the blooming period of T. adenantha and the beginning of the rainy season. The number of
arthropods (potential prey of M. argenteus) on the plants increased concomitantly with the increase in the
number of reproductive branches. The M. argenteus population also increased numerically 2 months after
the rise in arthropod density. These results indicate that the spiders require time to respond to changes in
environmental conditions. Of the 595 spiders examined, 76 (12.8%) had prey. Prey items included ar-
thropods belonging to several guilds, but spiders showed a preference for wingless prey or prey that
remained on the branches for longer periods of time.

Keywords:

A single plant species can serve as a food
resource for several different organisms. How-
ever, this resource can vary seasondly in
abundance and quality (Begon et al. 1996; Es-
pirito-Santo & Fernandes 1998). Frequently,
plant-consuming insects are synchronized
with the abundance of food, as well as with
environmental conditions such as temperature
and humidity (Wolda 1988; Vasconcellos-
Neto 1991; Bernays & Chapman 1994). Pred-
ators, such as spiders, can adjust their phe-
nology in response to abiotic conditions
(Crane 1949; Plagens 1983; Rinaldi & Forti
1997; Rossa-Feres et al. 2000; Arango €t al.
2000) and the availability of prey (Riechert &
Luczak 1982; Plagens 1983; Riechert & Harp
1987; Costello & Daane 1995; Arango et al.
2000) and foraging sites (Plagens 1983; Ar-
ango et al. 2000). The thomisid crab spiders
are sit-and-wait predators that frequently for-
age on flowers and leaves (see Foelix 1996).
These spiders tend to choose their foraging
sites based on the availability of food items
(Morse & Fritz 1982; Morse 1984) since,
when in optimal sites, they prey indiscrimi-
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nately on several groups of arthropods (Dean
et al. 1987; Agnew & Smith 1989; Lockley et
al. 1989; Nyffeler & Breene 1990).
Misumenops argenteus (Rinaldi) (Thomisi-
dae) occurs on several plant species, but uses
the reproductive branches of Trichogoniopsis
adenantha (DC.) as foraging sites more fre-
quently (Romero 2001). In this study, we ex-
amined the seasonal fluctuations and phenol-
ogy of M. argenteus on T. adenantha, and
assessed whether these phenomena were syn-
chronized with the seasonality of biotic and
abiotic factors such as the period of plant
blooming (which corresponds to the avail-
ability of foraging sites), the availability of ar-
thropods (potential prey) associated with this
plant and rainfall. We also investigated wheth-
er M. argenteus captured its prey non-selec-
tively relative to the potential prey available.

METHODS

Study site and organisms.—This work
was done along the edges of the Mirante track
(elevation 1170 m), in the Serra do Japi
(23°11'S, 46°52'W), close to the city of Jun-
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dial, in southeastern Brazil. The climate is
seasonal, with a mean monthly temperature
varying from 13.5 °C in July to 20.3 °C in
January. The driest months are from June—
September (Pinto 1992). The local vegetation
is characterized by high elevation semi-decid-
uous mesophile forest, with canopy height
varying between 10—15 m, and very dense un-
dergrowth containing specific plant species
(Leitdo-Filho 1992).

Trichogoniopsis adenantha is a perennial
shrub species (0.2—1.8 m high) that occurs
along the forest margins in the Serra do Japi.
This species produces up to seven pink or li-
lac-colored flowerheads (yellowish in the pre-
dispersal phase) arranged in racemes, but with
desynchronized development, such that given
branch often has flowerheads in different
phenophases. These flowerheads attract ar-
thropods belonging to several guilds including
pollinators, herbivores, parasitoids and pred-
ators (Romero 2001). Trichogoniopsis aden-
antha blooms throughout the year with peak
flower production occurring in the hot/rainy
season (Almeida 1997). Consequently, the
availability of food resources and foraging
sites for M. argenteus can vary seasonaly.
Misumenops argenteus, a small, yellowish
crab spider, is the principal predator on T. ad-
enantha, where it becomes cryptic. Romero
(2001) showed that the frequency of this spi-
der on reproductive branches of this plant is
2.6-fold higher than on vegetative ones.

Voucher specimens of the spiders collected
(males and females) were deposited in the Ar-
achnological Collection of the Laboratorio de
Artropodes Peconhentos, Instituto Butantan,
Sao Paulo.

Population fluctuation and phenology of
M. argenteus—The seasonal fluctuation of
M. argenteus was determined as the variation
in spider density (number of individual /500
branches) throughout the year. The population
phenology was determined based on temporal
variations in age structure over the same time
period (e.g. Peck 1999). To determine age
structure, each M. argenteus found was clas-
sified as 1) young [total body length (cepha-
lothorax + abdomen) = 3.0 mm; 3¢ and 4"
instars], 2) juvenile (> 3.0 mm but = 4.5 mm;
5 and 6% instars), 3) subadult (> 4.5 mm but
= 5.0 mm, or when the male had a dilated
palp; 7t instar), or 4) adult (> 5.0 mm, and/
or when there were sclerotized genitalia; 8"
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instar). These data were used to construct a
phenogram of the maturation and recruitment
of individuals during the life cycle of this spe-
cies. To study the populational parameters of
M. argenteus, between 17 and 26 individuals
of T. adenantha (height from 0.2 m—1.8 m)
per study day were sampled during biweekly
visits along a 1 km transect of the Mirante
track. The first plant found at the end of each
20 m interval was inspected to ensure random
sampling. Each plant was inspected for 3-10
min, depending on its size. The population of
T. adenantha along this 1 km transect con-
sisted of at least 400 individuals.

Synchrony and displacement between
events—To study the synchrony between the
phenologies of M. argenteus and T. adenan-
tha, the number of vegetative branches (= 5
cm long) and reproductive branches of all the
plants inspected was scored. The branches
were classified as reproductive when they had
at least one flowerhead. Branches with flow-
erheads only in the seed-dispersal phase were
excluded from the analysis because they do
not attract floral visitors or M. argenteus
(Romero 2001).

Prey.—The availability of potential prey
for M. argenteus was assessed by recording of
al arthropods occurring on T. adenantha dur-
ing a one hour period, usually between 10:30
h and 13:30 h, in biweekly inspections from
December 1998—March 2000. Arthropods
were identified to the genus, family or super-
family level. Arthropods not identified in the
field and the food items of M. argenteus were
fixed in 70% ethanol and identified in the lab-
oratory. Rainfall data were obtained from the
experimental station at Jundiai, located 8 km
from the study area.

Statistical analysis.—Relationships be-
tween the density of M. argenteus and rainfall,
phenology of T. adenantha (number of repro-
ductive branches/plant) and prey density
(number/hour) were examined using the Pear-
son correlation test (Zar 1996) with « = 0.05.
The same comparisons were done separately
for the density of young, juvenile, subadult
and adult spiders. The data, expressed as pro-
portions, were normalized by log or log (n +
1) transformation. Since organisms generally
need time to respond to environmental chang-
es (e.g. Arango et a. 2000), the correlation
between different variables and time was also
examined. To verify whether M. argenteus
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Figure 1.—Population fluctuation of Misumenops argenteus (Thomisidae) on Trichogoniopsis adenan-
tha, from April 1998-March 2000, along the Mirante track, Serra do Japi. (n = 595 individuals).

chose prey at random, the range of prey used
was compared with the distribution of avail-
able arthropods determined by the field ob-
servations using a G-test (Zar 1996). The pref-
erence and rejection of each prey item by M.
argenteus was evauated using Manly’s « in-
dex of dietary preference for a constant prey
population (Krebs 1999) based on the formula

1

2 (ri/my)

r.

(Xi:_l
n;

where o, = Manly’s index for prey type i, r;
and r; = proportion of prey typei or j in the
diet, and n, and n, = proportion of prey type
i or j in the environment. A preference, de-
tected as a deviation from the random sample
of the prey, was indicated by values of «; >
1/m (m = total number of prey types). In con-
trast, avoidance was indicated by values of q;
< 1/m. This index is appropriate when the
number of prey captured is much smaller than
the total number of prey available (see Krebs
1999).
RESULTS

Population fluctuation and phenology of
M. argenteus—The population size of Mis-
umenops argenteus started to increase at the
beginning of the hot/rainy season (November)
and reached a peak in March. The number of
individuals decreased in May to reach the

lowest density in the cold/dry season (July—
September) (Fig. 1). In the rainy season, most
individuals were in the young and juvenile
phases (39-6" instars). Adulthood was
reached between the end of the cold/dry sea-
son (June-July) and the beginning of the hot/
rainy season (December—January) (Fig. 2).

Population recruitment occurred in Novem-
ber and December (Fig. 2). Young were pres-
ent from October—April, with a peak in De-
cember—January. The proportion of juveniles
started to increase in February and decreased
between July and September. Subadults oc-
curred in highest proportions in August and
declined from November—December. The
adult population was largest from July to No-
vember—December, with a peak in September
1998 and in October—November 1999 (Fig. 2).
Young and juveniles together represented
70%—80% of the total number of M. argen-
teus, while subadults and adults were most
frequent in the periods with a reduced popu-
lation size (Figs. 1, 2).

Synchrony and displacement between
events—After the cold/dry season, the first
rains occurred in September, but intensified
from December—March (Fig. 3). The greatest
abundance of reproductive branches in T. ad-
enantha occurred from November—March,
while that of arthropods occurred from
March—May and in November and December;
the number of M. argenteus peaked in March
and April (Figs. 1, 3).
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The numbers of flowering branches and
rainfall were correlated in the same month (r
= 0.51; n = 16; P = 0.043), or with the sub-
sequent month, i.e., a temporal displacement
of one month (r = 0.85; n = 15; P < 0.001).
There was no correlation between arthropod
density and rainfall in the same month, or af-
ter one, two or three months (P = 0.66; P =
0.90; P = 0.54 and P = 0.44, respectively),
but there was a slight trend only between ar-
thropod density and the density of reproduc-
tive branches in the same month (r = 0.43; n
= 16; P = 0.09). The density of Misumenops
argenteus correlated with rainfall only after
three months (r = 0.75; n = 13; P = 0.003),
with reproductive branches only after two
months (r = 0.79; n = 14; P < 0.001), and
with arthropod density only after two months
(r = 0.57; n = 14; P = 0.035).

The density of young M. argenteus was
positively correlated with rainfall in the same
month (r = 0.53; n = 24; P = 0.007), and
with arthropod density after three months (r
= 0.55; n = 13; P = 0,05), but not with the
number of reproductive branches for a time
displacement of less than three months (P =
0.08). The density of juveniles was correlated
with rainfall after two months (r = 0.66; n =
22; P = 0.001), but not with the number of
reproductive branches, nor with arthropod
density for a time displacement of less than
three months (P > 0.1). The density of sub-
adults and adults was not correlated with rain-
fall, with the number of reproductive branch-
es, or with arthropod density for a time
displacement of less than three months (P >
0.1).

Prey.—Of the 595 M. argenteus examined,
76 (12.8%) were feeding (Table 1). The prey
consisted of herbivores (43.5%), pollinators
(8%), parasitoids (12%), and predators (23%);
10.5% were eventuals (arthropods that oc-
curred randomly on T. adenantha).

Misumenops argenteus fed mostly (84%)
on the families (or genera) of arthropods that
typically occurred on T. adenantha (Table 1).
However, the use of arthropod prey was not
random (Table 1; G = 48.42; 16 df; P <
0.0001) since there was a tendency to use
more Grillidae sp., Ctenuchinae, Braconidae,
ants and Chironomidae than predicted by
Manly’s index (Table 1). In contrast, M. ar-
genteus used fewer Miridae sp. 1, Hoppers,
Ithomiinae, Reduviidae sp. and Muscoidea
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than predicted by Manly’s index (Table 1).
There was no predation on Melanagromyza
sp., Miridae sp. 2, Syrphidae spp. and Apo-
idea spp. (Table 1). Most of the ants and chi-
ronomid flies observed (= 90%) were glued
in the glandular trichomes of T. adenantha.

DISCUSSION

Population fluctuation, phenology, syn-
chrony and displacements—There was a
one month delay between the beginning of the
rains and the increase in the number of repro-
ductive branches in T. adenantha, as well as
in the synchrony between the number of re-
productive branches and the increase in ar-
thropod density. In contrast, a displacement of
two months occurred between the increase in
arthropod density (potential prey for M. ar-
genteus) and the increase in spider population
size. Similar results were obtained by Arango
et a. (2000) in a system involving Cnidos-
colus aconitifolius (Mill.) 1.M. Johnstone (Eu-
phorbiaceae), floral visitors and Peucetia vir-
idans Hentz (Araneae, Oxyopidae). Climatic
changes were probably the primary factor
molding T. adenantha phenology, as also ob-
served for several other plant species in the
study area (Morellato et a. 1990; Morellato
& Leitao-Filho 1990, 1992). The reproductive
branches and flowerheads used as foraging
sites by M. argenteus (Romero 2001) supplied
food for several herbivore and pollinator spe-
cies. If this resource become scarce during
some period of the year, the insects directly
dependent on it also become scarce. Conse-
quently, the carrying capacity of the habitat
(T. adenantha) for M. argenteus, expressed as
the availability of foraging sites and prey, di-
minishes, thereby reducing the spider popu-
lation size.

The density of young increased in the same
month as rainfall. It is probable that eggsacs,
athough not frequently observed, were de-
posited in September and October, the begin-
ning of the rainy season. These results suggest
that rainfall is a stimulus for mating and egg
laying, as seen with other errant spiders
(Crane 1949; Rossa-Feres et al. 2000).

Prey.—Thirteen percent of the M. argen-
teus found were feeding. The population stud-
ied showed the same rate of prey capture
when compared with reports for other Thom-
isidae (Dean et a. 1987; Nyffeler & Breene
1990). Misumenops argenteus fed on a wide
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Figure 2.—Phenogram of the age structure of Misumenops argenteus (Thomisidag) population on Tri-
chogoniopsis adenantha (Asteraceae), from April 1998-March 2000, along the Mirante track, Serra do

Japi. (n = 595 individuals).

range of food items. Similar results have been
described for other Thomisidae, including
Xysticus cristatus (Clerck), X. kochi Thorell,
Misumenops celer (Hentz) and Misumena va-
tia (Clerck) (Dean et a. 1987; Agnew &
Smith 1989; Lockley et al. 1989; Nyffeler &
Breene 1990). This polyphagy in M. argen-

teus may reflect the large variety of available
prey, as described by Tanaka (1991) for Age-
lena limbata Thorell.

Despite the wide range of prey types cap-
tured, M. argenteus did not select prey ran-
domly. In general, spiders avoid ants because
of the potential damage that this prey can
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Figure 3.—Rainfall, number of reproductive branches (with flowerheads) per 20 Trichogoniopsis ad-
enantha plants, arthropod density on the plants and Misumenops argenteus density (no./500 reproductive
and vegetative branches), from December 1999—March 2000, along the Mirante track, Serra do Japi.
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cause the predator (Riechert & Luczak 1982).
However, M. argenteus captured more ants
than the value expected (17% of al prey). Al-
though ants occur only randomly on T. ad-
enantha, the probability of spiders encounter-
ing antsis high because ants remain for longer
periods and move around more on the plants
than winged insects. Moreover, the glandular
trichomes, which are very dense in T. aden-
antha, can reduce the velocity of the ants by
sticking to these insects, making them easy for
the spider to capture. Approximately 90% of
the ants observed on the plants were stuck in
the glandular trichomes and M. argenteus was
seen preying on them (n = 2). In addition,
amost all of the Chironomidae, aso frequent-
ly used by M. argenteus, were stuck in the
glandular trichomes. Like ants, Grillidae sp.
and Braconidae also remain for longer periods
on the plants. The Grillidae sp. lives amongst
the leaves and flowerheads of T. adenantha
and rarely flies, and the Braconidae spend a
long time to laying eggs in endophagous in-
sects in the flowerheads (G.Q. Romero, pers.
obs.). Thus, insects that spent longer periods
on the plants were more easily captured by the
spiders.

In contrast, M. argenteus captured very few
Miridae sp.1, hoppers and Reduviidae sp. rel-
ative to the expected value, and did not cap-
ture Melanagromyza sp., a small, very agile
fly that can easily escape from the spiders
(Romero 2001). Most of the hoppers on T.
adenantha (= 60—70%) belonged to the fam-
ily Membracidae, which is frequently tended
by large ants of the genus Camponotus. These
ants, which are not captured by the crab spider
and are not affected by the glandular tri-
chomes (G.Q. Romero, pers. obs.), may pro-
tect the membracid hoppers against the spi-
ders. The Reduviidae sp. was probably not
captured by the crab spider because the latter
forages primarily on reproductive branches
whereas the former forages primarily on veg-
etative branches. In addition, the Reduviidae
sp. population peaked in the cold/dry season
(Romero 2001).

Misumenops argenteus captured more
Ctenuchinae (Arctiidae) and fewer Ithomiinae,
both of which are Iepidopteran floral visitors,
even though the latter group was more abun-
dant than the first. Insects of both groups are
similar in size, and both sequester pyrrolizi-
dine alkaloids from the host plant to use in
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their defense against predation by spiders (Tri-
go 2000). The legs of ithomiines are very
long, compared to the ctenuchine, and this
may help them escape the spiders when they
land on the flowerheads. Whereas some errant
spider species (Lycosa ceratiola Gertsch &
Wallace and tarantulas) or orb-spiders (Ne-
phila clavipes (Linnaeus)) avoid pyrrolizidine
akaloids (reviewed in Trigo 2000), M. argen-
teus captures and consumes ctenuchines that
contain such alkaloids in their exoskeleton
(J.R. Trigo, pers. comm.). In contrast to spi-
ders which masticate their prey (including
exoskeleton), thomisid spiders, such as M. ar-
genteus, suck their prey dry, leaving the exo-
skeleton intact (Pollard 1993). This could ex-
plain why M. argenteus does not avoid prey
with defensive chemicals confined to the exo-
skeleton compared to spiders which masticate
their prey and avoid such insects.

In conclusion, rainfall was the principal abi-
otic factor that influenced the trophic inter-
actions in the T. adenantha—arthropod—spi-
der system. With increased rainfall, the plants
increased their production of reproductive
branches that subsequently attracted and sup-
ported populations of plant-dwelling arthro-
pods which in turn supported the M. argenteus
population. These results indicate that a strong
bottom-up effect influences the system. How-
ever, experiments by Romero (2001) showed
M. argenteus to be effective in diminishing
herbivore density and in enhancing the fitness
of T. adenantha, thus indicating that top-down
effects also act to structure this system. These
results show the importance of interactions
between biotic and abiotic factors in deter-
mining the structure of arthropod community
associated with T. adenantha.
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Table 1.—Prey available to and captured by Misumenops argenteus on Trichogoniopsis adenantha
(Asteraceae), and the Manly’s indices of dietary preference. Indices greater or smaller than 0.059 (1/total
number of prey types) indicate preference or avoidance by the spider, respectively (see Methods). @ =
Insects consumed but not sampled in the biweekly observations. *“ Eventuals”’ = arthropods that occurred

randomly on the plants.

Prey Manly’s
Available (%) Captured (%) index
Herbivores
Endophages
Melanagromyza sp. (Dip.) 136 85 0 0 —
Xantaciura sp. (Dip.) 26 1.6 2 2.6 0.053
Trupanea sp. (Dip.) 29 1.8 1 13 0.024
Cecidomyiidae spp. (Dip.)? 0 0 3 39 —
Suckers
Miridae sp.1 (Het.) 345 21.6 7 9.2 0.014
Miridae sp.2 (Het.) 29 18 0 0 —
Aphididae spp. (Hom.) 86 54 6 7.9 0.048
Hoppers (Hom.) 73 4.6 2 2.6 0.019
Chewers
Geometridae spp. (larvae) (Lep.) 131 8.2 7 9.2 0.037
Grillidae sp. (Ort.) 30 19 3 3.9 0.069
Chrysomelidae spp. (Col.) 47 29 2 2.6 0.029
Pollinators
Ithomiinae spp. (Lep.) 79 4.9 2 2.6 0.017
Syrphidae spp. (Dip.) 13 0.8 0 0 —
Apoidea spp. (Hym.) 15 0.9 0 0 —
Ctenuchinae spp. (Lep.) 10 0.6 4 5.3 0.276
Parasitoids
Braconidae spp. (Hym.) 52 3.2 5 6.6 0.066
Pteromalidae spp. (Hym.) 61 3.8 4 5.3 0.045
Predators
Reduviidae sp.1 (Het.) 167 104 2 2.6 0.008
Araneae spp. (Arach.) 73 4.6 5 6.6 0.047
Formicidae spp. (Hym.) 87 5.4 13 17 0.103
Eventuals
Chironomidae spp. (Dip.) 16 1.0 3 3.9 0.129
Muscoidea spp. (Dip.) 95 59 2 2.6 0.014
Coreidae sp. (Het.)2 0 0 1 13 —
Staphylinidae sp. (Col.)2 0 0 1 13 —
Carabidae sp. (Coal.)2 0 0 1 13 —
Total 1600 76
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