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ABSTRACT. The predatory habit of three species of sac spiders, Chiracanthium inclusum, Hibana
velox, and Trachelas volutus, on citrus leafminer, Phyllocnistis citrella, was investigated. Observation of
spider activities during the photophase and the scotophase confirmed that these three species of sac spiders
are nocturnal. They detect their prey by sensing vibrations of the substrate induced by the concealed prey.
Movements of P. citrella larvae and prepupae appear to create vibrations of the leaf substrate, which then
serve as cues for the spiders to locate them. The searching and prey capture behaviors of these spiders
are discussed. Two methods of prey attack were exhibited. In one method, the spider punctures the mine,
immobilizes the larva and then bites it and sucks the larval body fluid. In the second behavioral pattern,
the spider makes a dlit in the mine, uses its forelegs to pull the larva or prepupa out of the mine, holds
the prey securely, and finally bites it and regurgitates digestive juices into the prey and ingests the pre-
digested liquid tissue.

The three species of sac spiders were found to start feeding on P. citrella larvae during the 2nd instar
stage. Consumption increased as they developed to later instars. Maximum consumption for all species
was recorded at the 4th instar. Although C. inclusum and T. volutus can complete their life cycle with P.
citrella as their only food, H. velox was not able to develop to the adult stage. Results obtained from this
study provide useful data to better understand the role of sac spiders in the overall management of P.
citrella.
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The citrus leafminer, Phyllocnistis citrella sler 1996). Likewise, in south Florida, various
Stainton (1856) (Lepidoptera, Gracillariidae) species of spiders were considered important
has become an important pest of Citrus spp. in reducing peak populations of P. citrella
in Florida since its introduction in 1993 (Browning & Pefia 1995; Amalin et al. 1995).
(Knapp et a. 1995). The larvae of P. citrella Feeding tests on 14 commonly encountered
mine in leaf tissues of any citrus and related spider speciesin lime orchards in Homestead,
species (Heppner 1993). Phyllocnistis citrella  Florida confirmed that the three species of sac
larval feeding results in citrus plants with dis-  spiders, Chiracanthium inclusum (Hentz
torted and reduced young shoots. Severe pres- 1847) (Clubionidae), Hibana velox (Becker
sure from P. citrella causes decrease inyields  1879) (Anyphaenidae), and Trachelas volutus
and quality (Knapp et al. 1995; Heppner 1995; Gertsch 1935 (Corrinnidag), fed on P. citrella
Burgeous & Constantin 1995). Although larvae and, in some cases, on prepupae
many insect parasitoids of this pest have been (Amalin 1999). Apparently these species of
recorded (Heppner 1993), little attention has spiders are able to detect and attack the larvae
been directed towards predators of the larvae. through the leaf epidermis. This phenomenon
Predatory arthropods are believed to make an  of search and extraction of a cryptic food
important contribution to the mortality of P. source has not been reported in this group of
citrella (Zhao 1989; Zhang et al. 1994; Argov  spiders. Because of this specialized feeding
& Rossler 1996; Browning & Pefla 1995; behavior, these spiders may prove to be im-
Amalin et al. 1995; Pefia & Subramanian un- portant predators of P. citrella. Study of the
publ.). In Israel, spiders were observed in the predatory habits of these spiders on citrus
field to prey upon P. citrella (Argov & Ros- leafminer is of paramount importance to better
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Figure 1.—Duration of locomotory activities in
three species of sac spiders measured in six 4-hour
intervals. Lights turned off at 1800 h.

understand the potential of these predators as
a component of the natural enemy complex of
P. citrella.

In this paper, investigations of the predatory
behavior of three species of sac spiders (C.
inclusum, H. velox, and T. volutus) attacking
P. citrella is reported. The main objectives of
this study were to determine the time of feed-
ing activity, to investigate the predation strat-
egy, and to identify the developmenta stages
of spiders that feed most actively on P. ci-
trella.

METHODS

Sources of test organisms.—Egg sacs of
C. inclusum, H. velox, and T. volutus were
collected from citrus orchards in the vicinity
of Homestead, Florida. Egg sacs were identi-
fied based on descriptions by Amalin (1999).
They were brought to the laboratory and

maintained in the incubator at 27 °C, 80% RH,
and 12:12 h photoperiod and reared on an ar-
tificial diet (Amalin 1999). Laboratory-reared
4th instar spiders were used for the experi-
ments to determine the time of feeding activ-
ity and predatory strategy. Phyllocnistis ci-
trella larvae were collected from a culture on
lime (Citrus aurantifolia) plants maintained in
the greenhouse. Voucher specimens are de-
posited at the Tropical Research and Educa-
tion Center, Dept. of Entomology, Homestead,
Florida

Time of feeding activity.—Feeding times
of the three sac spiders were determined from
observations over a 24 hour period. A plastic
petri plate (10.5 cm diameter X 2.0 cm high)
was used as the observational arena. Lime
leaves with five P. citrella larvae within the
serpentine mines were placed in each petri
plate. The number of P. citrella exposed to
the spider is based on the result of the pre-
dation experiment previously conducted
(Amalin 1999), in which aratio of one spider
to 10 P. citrella larvae gave an average of 5.3
P. citrella larvae consumed.

A single 4th instar spider was placed in
each arena that was lined at the bottom with
moistened filter paper to retain the freshness
of the leaves. The test spiders were fed with
artificial diet (Amalin et a. unpubl.) for 24 h
before transferring to each petri plate; in this
way the hunger level is controlled. All the pe-
tri plates were placed in an incubator with
constant temperature (27 °C), relative humid-
ity (80%), and a 12:12 h photoperiod. These
were the same conditions under which spiders
have been previously reared. Observations of
spider activities were made every 15 min dur-
ing the photophase and during scotophase by
the use of a portable red light with an intensity
of 5.0 Lux. Some arthropods (Borror et al.
1992; Jackson 1977) cannot recognize red
light. Thus, red light is used to observe their
nocturnal activities. The set-up was repeated
three times on separate dates for each of the
three spider species. The circadian rhythm of
locomotory activity was observed to deter-
mineif they are diurnally or nocturnally active
animals. Duration of movement in six 4 h in-
tervals (0600—1000, 1000—1400, 1400-1800,
1800—2200, 2200—0200, 0200—0600) was
noted.

Predatory strategy.—Spider activities
were recorded by videotaping, using a video
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Figure 2.—Chiracanthium inclusum touching or sensing the Phyllocnistis citrella larva by its hindleg.
Arrow shows the P. citrella larva still within the serpentine mine.

time lapse cassette recorder (Panasonic Model
AG-6730). A television monitor (Sony Trini-
tron) and a video camera (Javelin Chromachip
V, Model JE-3662RGB) were hooked-up to
the video recorder. The video camerawas held
on top of a tripod. The three species of sac
spiders included in this observation were
placed separately in a small petri plate (3.5
cm diameter X 0.5 cm high). The petri plate
was provided with five P. citrella 2nd instar
larvae still within their serpentine mines. The
petri plate was positioned under the tripod.
The exact position of the petri plate was de-
termined by looking at the television monitor.
The video machine was set to 16 h recording
continously. The videotaping was conducted
in a room with lights off from 1800 h until
0700 h the next day. To have a clear view of
the predatory activity under total darkness, red
lights (5.0 Lux intensity) were provided under
the tripod. The set-up was repeated five times
for each species. After videotaping, each tape
was viewed and the following data were gath-

ered: retreat period (no locomotion, no body
movement, the spider remained inside the re-
treat nest); searching time (locomotory activ-
ity); and handling time (period from start of
attack until prey was consumed). The mean
and standard error of the time spent for each
activity were calculated. The number of P. ci-
trella consumed was counted under a micro-
scope the following morning and the average
number of P. citrella consumed was calculat-
ed. The mean difference for each parameter
was compared using Duncan Multiple Range
Test (DMRT) (SAS 1989).

Active feeding stages—to determine spi-
der developmental stages capable of feeding
on P. citrella, the three species of spiderswere
reared from the 2nd instar to the adult stage
using P. citrella larvae their sole food source.
Ten P. citrella 2nd instar larvae within the
serpentine mines were placed in each petri
plate (10.5 cm diameter X 2.5 cm high). In-
dividual 2nd instar spiders were introduced
into each petri plate. Ten spiders of each spe-
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Figure 3.—Predation sequence of (A) Chiracanthium inclusum, (B) Hibana velox, (C) Trachelas vol-
utus—searching (1), feeding (2), and after feeding (3). Arrows in A3, B3, and C3 show the empty ser-

pentine mines after spider feeding.

Table 1.—Duration of time for predation activity and the percent Phyllocnistis citrella consumption in
24 hours by the 4th instar spiderlings of Chiracanthium inclusum, Hibana velox, and Trachelas volutus.
All figures are mean = SE. of five replications. Means in each column with the same letters are not

significantly different according to DMRT.

Searching time Handling time % P. citrella

Spider species (min) (min) consumption
Chiracanthium inclusum 228 76 a 108 £ 25a 60.0 = 240b
Hibana velox 88 +*48b 11.3 = 57a 640 = 160b
Trachelas volutus 55+ 12b 65+ 47 a 90.0 = 110 a
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Table 2—Percent Phyllocnistis citrella larval consumption by the different instars and adult stage of Chiracanthium inclusum, Hibana velox and Trachelas

volutus. All figures are mean = S.E. of 10 replications. Data for immature stages of female and male spiders for all species are pooled.

Adult

Immature (instar) stage

4th
570 = 7.0

Male
34.3 = 17.0

Femae
37.0 = 15.0

7th

6th

5th
279+ 7.6

3rd

448 +

2nd
382+ 41

Species

41
6.0

C. inclusum

H. velox
T. volutus

84

84 =+

356 = 14.0

572+ 114

705 = 6.5

+

46.2

256 = 3.0

65.3 + 9.6

70.7 £ 7.6

61.3 = 11.8 453 = 146

472 £ 54

58.7 = 9.7
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cies were included in the experiment. Dead P.
citrella larvae were counted every other day,
and after the mortality reading, new citrus
leafminer larvae were added to each petri
plate to keep the number of P. citrella con-
stant. The molting period was recorded for
each spider to determine the developmental
stages.

RESULTS

Time of feeding activity.—The mean du-
ration of locomotory activity for each species
was grouped in six 4 hour time intervals. Our
observations confirmed that C. inclusum, H.
velox, and T. volutus are all active nocturnally
(Fig. 1). The onset of movement for C. inclu-
sum and H. velox was at the beginning of in-
terval 4, which was about one hour into the
scotophase. One out of the three T. volutus
showed some locomotory activity 4 h into the
photophase. The observed daytime activity of
this individual T. volutus was very brief, last-
ing only for two consecutive 15 min oberva-
tion periods, and was followed by a retreat
period of about 7 hours. The peak of loco-
motory activity for the three species occurred
during intervals 4 and 5. The locomotory ac-
tivity was reduced at the end of interval 6.

Predatory strategy.—The pattern of the
prey capture sequence was similar for the
three species of sac spiders. During the
searching period, the spiders would move
about and then stop for a while as if to local-
ize the source of the vibration. Immediately
upon touching the prey with its legs (Fig. 2),
the spider would turn very rapidly toward the
prey and grasp it. Figure 3 shows the preda-
tion sequence of these three species of sac spi-
ders. Two behaviora patterns of prey attack
were exhibited by the three species of sac spi-
ders. In one strategy, the spider punctured the
mine, immobilized the larva, bit it and sucked
the larval body fluid (Fig. 3A & C). In the
second behavioral pattern, the spider made a
slit on the mine, and then used its forelegs to
pull the larva or prepupa out of the mine (Fig.
3B). The first gentle touch with the forelegs,
probably aided by special sensory hairs on the
forelegs, was quickly changed into a powerful
grip. Only after the prey has become immo-
bilized by the venom does the spider begins
to feed (chew and exude digestive juice).

The searching time or the time to locate the
prey differed among the three species. An av-
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Figure 4.—Development of (A) female and (B) male Chiracanthium inclusum raised using Phyllocnistis
citrella larvae. Arrows refer to molt when a new instar stage begins.

erage of 5.5, 8.8, and 22.8 minutes was spent
on prey location by T. volutus, H. velox, and
C. inclusum, respectively (Table 1). It took C.
inclusum significantly longer time to locate
the prey than T. volutus and H. velox. There
was no significant difference in the time spent
by the three species of spiders to handle and
feed on P. citrella (Table 1). Moreover, it was
observed that C. inclusum and H. velox moved
more frequently in the observational arena
than T. volutus did. The postfeeding (resting)
period for C. inclusum and H. velox was ex-
tensive, while that of T. volutus was brief.
These behavioral differences may explain why
the average percent P. citrella consumption

was significantly higher for T. volutus (90%)
than for C. inclusum (60%) and H. velox
(64%) (Table 1).

Active feeding stage—Our observations
revealed that C. inclusum, H. velox, and T.
volutus started to feed on P. citrella larvae as
2nd instar spiders. The percent P. citrella con-
sumption for the three species of sac spiders
differed among the different instars and adult
stage (Table 2). Maximum consumption was
recorded at the 4th instar for all species. This
stage has progressed midway to the adult
stage, and they feed voraciously to meet the
energy and nutritional demands of final mat-
uration. Chiracanthium inclusum and T. vol-
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Figure 5.—Development of Hibana velox raised using Phyllocnistis citrella larvae. Arrows refer to molt
when a new instar stage begins. The female and male immature stages are pooled.

utus can complete their life cycles with P. ci-
trella as their only food source (Table 2);
however, H. velox was unable to complete its
life cycle by feeding solely on P. citrella (Ta-
ble 2). For all of the species, feeding slowed
down and sometimes stopped for 1-2 days be-
fore molting and then resumed after the molt.
Individual spiders had different time intervals
from one molting period to the next. Figures
4—6 show an example of the development pat-
tern of the three species of spiders from the
2nd instar to the adult stage.

DISCUSSION

The 24 hour observation periods revealed
that C. inclusum, H. velox, and T. volutus are
generally nocturnally active animals. The
brief locomotory activity of T. volutus during
the daytime could mean that T. volutus may
be also active for short times during the day.
This could be verified by doing more daytime
observations. The activity of most wandering
spidersis correlated with a particular light lev-
el (Seyfart 1980). In the field we rarely see
these spiders in the daytime unless we venture
to look at their retreat nests. These spiders
have poor vision. Their eyes are smple (Land
1985); and they rely little, if at all, on visual

cues in prey capture sequences. They possibly
detect their prey through vibration of the sub-
strate where the prey is concealed. The con-
stant movement of P. citrella larvae while
feeding on tissues under the leaf epidermis
probably creates the vibrations of the leaf sub-
strate (I. Jackson pers. commun.). It appeared
then that such vibrations serve as the cue for
the spiders to locate the position of the larva
or prepupa of P. citrella. The wandering spi-
der Dolomedes sp. can distinguish between
the ripples caused by the wind and the surface
vibrations generated by an insect (Bleckmann
& Rovner 1984). This may be true also for C.
inclusum, H. velox, and T. volutus. The sur-
face vibration produced by the movement of
P. citrella larval feeding probably has a char-
acteristic level of frequency and amplitude
that can be distinguished by the sac spiders.
However, this remains to be verified.

The prey capture sequence exhibited by C.
inclusum, H. velox, and T. volutus followed
the entire prey capture stages summarized by
Foelix (1996) for wandering spiders. For this
group of spiders, the main signal for prey cap-
ture is mechanical vibration. Once the prey is
located, the spider grasps the prey with the
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Figure 6.—Development of (A) female and (B) male Trachelas volutus raised using Phyllocnistis citrella
larvae. Arrows refer to molt when a new instar stage begins.

tips of the front legs. Rovner (1978) reported
that for the wandering spider Cupiennius sp.
the forelegs are able to further secure their
hold by means of the adhesive hairs or scop-
ulae on the tarsi. This may also be so for C.
inclusum, H. velox, and T. volutus since these
three species of sac spiders possess tarsal
scopul ae and dense claw tufts (Roth 1993; Ed-
wards 1958; Platnick 1974). After the spider
secured its hold, the prey was quickly pulled
toward the spider’s body. Thereupon the che-
licerae of the spider’s fangs moved apart and
were inserted quickly into the nearest part of
the victim’s body. Immediately after the bite,
the tips of the legs released their grip and the

prey was held in the air only with the chelic-
erae. The behavior appears to minimize any
danger to the spider from the prey. Holding
the prey aoft is advantageous to the spider
because the victim cannot apply any force
against the substrate to free itself.

The three species of spiders started to feed
on P. citrella larvae during their 2nd instar.
Thisis not surprising since spiders, after molt-
ing into the 2nd instar stage, are generally
found to be self-sufficient (Foelix 1996). At
this stage, they have developed their sensory
hairs, their legs are equipped with the typical
claws, they have bulging eyes, and their
mouthparts are aready differentiated suffi-
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ciently for capturing and feeding on prey.
Then, the consumption increases, as they de-
velop to later instar stages. During the inter-
molt intervals spiderlings require ample food
to enable them to develop into the next stage
(Foelix 1996). However, feeding slowed down
before molting. This occurs naturaly in al
spiders. Foelix (1996) stated that most spiders
that were preparing to molt withdraw into
their retreat for several days and stop feeding.
The success of rearing C. inclusum and T. vol-
utus from egg to maturity using P. citrella
alone as the source of food is an indication
that these spiders do not require a varied food
supply as compared to H. velox. Evidently, H.
velox requires a varied food supply to com-
plete its developmental cycle. Greenstone
(1979) and Uetz et al. (1992) reported that
certain spiders must feed on a variety of insect
prey species to obtain the optimum nutrition
for survival. This may also hold true for H.
velox.

The results obtained from this study pro-
vide useful data to better understand the role
of spiders in the overall management of P.
citrella populations. Detailed observations on
the predatory behavior of these three species
of sac spiders showed that they exhibited a
specialized feeding behavior in which they
can search and extract a cryptic food source.
This predatory behavior may merit their con-
sideration as important predators of P. citrel-
la, and they perhaps should be considered in
the natural enemy complex of P. citrella. This
potential can be realized only if these benefi-
cia predators are fostered by orchard care
practices.

ACKNOWLEDGMENTS

We thank Drs. Richard Baranowski and
Harold Browning for allowing us to use their
time-lapse video machine. Great appreciation
is extended to Dr. John Paul Michaud, Holly
Glenn, and lan Jackson for their assistance in
videotaping. We also thank Drs. Fred Punzo,
Waldy Klassen, John Sivinski, and Alberto
Barrion for review of the manuscript. (Florida
Agricultural Experiment Station Journal Se-
ries #R-07138)

LITERATURE CITED

Amalin, D.M. 1999. Evaluation of predatory spi-
ders as biological control agents of citrus leaf-
miner, Phyllocnistis citrella, in lime orchards at

THE JOURNAL OF ARACHNOLOGY

Homestead, Florida. Ph.D. thesis. University of
Florida, Gainesville, Florida.

Amalin, D.M., JE. Pefla & R. McSorley. 1995.
Abundance of spiders in lime groves and their
potential role in suppressing the citrus leafminer
population. P 72, In Proceedings, International
Meeting: Managing the Citrus Leafminer (22—25
April 1996, Orlando, Florida (M.A. Hoy, ed.)).,
University of Florida, Gainesville, Florida.

Argov, Y. & Y. Rosser. 1996. Introduction, release
and recovery of several exotic natural enemies
for biological control of the citrus leafminer,
Phyllocnistis citrella, in Israel. Phytoparasitica
24:33-38.

Bleckmann, H. & J.S. Rovner. 1984. Sensory ecol-
ogy of a semi-aquatic spider (Dolomedes triton).
I. Roles of vegetation and wind gathered waves
in site selection. Behavioral Ecology and Socio-
biology 14:297.

Borror, D.J., C.A. Triplehorn & D.M. Delong.
1992. Study of Insects (6th ed.). Saunders Col-
lege Publishing. New York.

Bristowe, W.S. 1971. The World of Spiders. New
Naturalist, London.

Browning, H. & J.E. Pefia. 1995. Biological con-
trol of the citrus leafminer by its native parasit-
oids and predators. Citrus Industry 76:46—48.

Burgeous, W.J. & R.J. Constantin. 1995. Prelimi-
nary investigation into the control of citrus leaf-
miner. Louisiana Agriculture 38:13-14.

Edwards, R.J. 1958. The spider subfamily Clu-
bioninae of the United States, Canada, and Alas-
ka (Araneae: Clubionidae). Bulletin of the Mu-
seum of Comparative Zoology 118:365-434.

Foelix, R.F 1996. Biology of Spiders (2nd ed.).
Oxford Univ. Press, Oxford.

Greenstone, M.H. 1979. Spider feeding behavior
optimizes dietary essential amino acid composi-
tion. Nature 282:501-503.

Heppner, JA. 1995. Citrus leafminer (Lepidoptera:
Gracillariidae) on fruit in Florida. Florida Ento-
mologist 78:183-186.

Heppner, J.B. 1993. Citrus leafminer, Phyllocnistis
citrella, in Florida (Lepidoptera: Gracillariidae:
Phyllocnistinae). Tropical Lepidoptera 4:49—-64.

Jackson, R.R. 1977. Courtship versatility in the
jumping spider, Phidippus johnsoni (Araneae:
Salticidae). Animal Behaviour 25:953.

Knapp, J., L.G. Albrigo, HW. Browning, R.C.
Bullock, J. Heppner, D.G. Hall, M.A. Hoy, R.
Nguyen, JE. Pefia & R Stansly. 1995. Citrus
leafminer, Phyllocnistis citrella Stainton: Current
Status in Florida —1995. Florida Cooperative Ex-
tension Service, Institute of Food and Agricul-
tural Sciences, University of Florida, Gainesville,
Florida.

Land, M.FE 1985. The morphology and optics of
spider eyes. Pp. 53-78, In Neurobiology of



AMALIN ET AL.—PREDATORY BEHAVIOR OF SAC SPIDERS 81

Arachnids. (FEG. Barth, ed.). Springer-Verlag,
Berlin.

Platnick, N. 1974. The spider family Anyphaeni-
dae in America North of Mexico. Bulletin of the
Museum of Comparative Zoology 146:205-266.

Roth, V.D. 1993. Spider Genera of North America:
With Keys to Families and Genera and a Guide
to Literature. American Arachnological Society,
Gainesville, Florida.

Rovner, J.S. 1978. Adhesive hairs in spiders. Be-
havioral functions and hydraulically mediated
movement. Symposia of the Zoological Society,
London 42:99.

SAS Institute. 1989. SAS/STAT User’s guide, ver-
sion 6, 3rd ed. Vol. 2. SAS Institute Inc. Cary,
North Carolina.

Seyfart, E.A. 1980. Daily pattern of locomotory
activity in a wandering spider. Physiological En-
tomology 5:199.

Uetz, G.W., J. Bischoff & J. Rover. 1992. Survi-
vorship of wolf spiders (Lycosidae) reared on
different diets. Journal of Arachnology 20:207—
221.

Zhang, A., C. O'Leary & W. Quarles. 1994. Chi-
nese |PM for citrus leafminer. Update. IPM Prac-
titioner 16:10-13.

Zhao, J.C. 1989. Preservation and Application of
Lacewings. Wuchang Univ. Press. Wuchang.
Huber Province.

Manuscript received 15 December 1999, accepted
6 June 2000.



