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ABSTRACT A survey of predatory arthropods in lime orchards at Homestead, FL, showed that
spiders signiÞcantly outnumbered the other predatory arthropods (the green lacewing Chrysoperla
rufilabris, coccinellidHarmonia sp., and the antMyrmelachista sp.). The spider community consisted of
nine families, 25 genera, and 15 species. The abundance and diversity of the predatory spiders in lime
orchards suggests their possible role in regulating the increase of arthropod pest populations. In general,
comparison of three sampling methods revealed that the visual sampling method provided the highest
numberofspiderscollectedfollowedbytheshake-clothmethodandtheDVACsuctionmethodcollected
the least. However, our data showed that the choice of sampling method depends on the species of
interest. For instance, spider species in the hunting group were collected frequently using the visual
methodfollowedbytheshake-clothmethod;whereas,mostofthespecies intheweb-buildinggroupwere
collectedby the three samplingmethodswith similar frequencies. Thedifference in the efÞciency of the
sampling methods may be explained by the retreating habits of the different spider species. The data
gathered in sampling the predatory arthropods in sprayed and nonsprayed lime orchards demonstrated
the probable nontarget effect of the different pesticides used in the orchards.

KEY WORDS predatory arthropods, diversity, sampling methods, web spiders, hunting spiders,
ambushers

THERE IS A growing interest in the potential of spiders
and other generalist predatory arthropods for control
ofpest species indifferent agroecosystems(Chiverton
1986, Riechert and Bishop 1990). In deciduous or-
chards, spiders often constitute a large and frequent
part of the predatory arthropod fauna (Dondale et al.
1979). Several investigations conducted in apple or-
chards demonstrated that spiders are important nat-
ural enemies of aphids, mites, and lepidopterans
(Chant 1956; Dondale 1958, 1966;, Dondale et al. 1979;
Mansour et al. 1980b; Wyss et al. 1995). In peach
orchards, spiderswere found tobe an important factor
in regulating the density of phytophagous mites (Put-
man 1967). Likewise, they are reported as important
predatorsof insectpests of citrus (Shulov1938,Cherry
and Dowell 1979, Fitzpatrick et al. 1979, Carroll 1980,
Badawi 1981). The hunting spider Chiracanthium mil-
deiC. Koch (Miturgidae)was reported to be themost
effective natural enemy of the scale insectCeroplastes
floridensis Comstock (Mansour andWhitcomb 1986).
The studybyCherry andDowell (1979) indicated that
spiders and the coccinellid Delphastus pusillus Le-
Contewere themost abundant predators and reduced
the population of citrus blackßy in a Florida citrus

agroecosystem. In Saudi Arabia, Badawi (1981) ob-
served that two unidentiÞed species of spiders were
abundant in citrus orchards and actively preyed upon
eggs and young larvae of the citrus butterßy Papilio
demoleus L. Carroll (1980) stated that sac spider Tra-
chelas pacificus Chamberlin & Ivie (Corinnidae) is
probably the most promising natural enemy of citrus
pest arthropods in California. In central Florida, Hi-
bana velox (Anyphaenidae) was found attacking ex-
posed eggs of Diaprepes abbreviatus (L.) in citrus. It
was recorded as one of the important predators of this
insect pest (Richman et al. 1983). Therefore, it is
important to know the diversity and abundance of
these generalist predators in citrus ecosystem to pro-
tect and conserve themand eventuallymaximize their
effectiveness as biological control agents.
One way to contribute to the conservation of nat-

ural enemies is by protecting them from the harmful
effects of broad-spectrum pesticides. The effects of
pesticides on spider populations have been shown in
several studies (Riechert and Lockley 1984; Mansour
1987a, 1987b; Wisniewska and Prokopy 1993). For
instance, there was a reduction in spider numbers in
apple orchards sprayed with broad-spectrum insecti-
cides in Canada (Dondale et al. 1979, Dondale 1958),
in England (Chant 1956) and in New Jersey, USA
(Specht and Dondale 1960). In Canada, it was re-
ported that the population of the phytophagous mite
predators, Theridion sp. and Philodromus praellustris
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Keyserling, was higher in unsprayed than in sprayed
peach orchards (Putman 1967). A decline of spider
populations in sprayed cotton Þelds was also reported
in Israel (Mansour 1987b). Understanding how pes-
ticides have affected arthropod communities is im-
portant to obtain the maximum control effect on pest
populations from spiders and other predators. In lime,
Citrus aurantifolia (Christman) Swingle, the impor-
tance of predatory spiders as biological control agents
of arthropod pests has not been studied.
In this article, the diversity, abundance, and species

composition of predatory spiders on lime trees in dif-
ferent orchards in Homestead, FL, are presented,
whichupdates the listing of spiders in citrus presented
by Muma (1975) and Mansour et al. (1982). The ef-
Þciencies of different sampling techniques for sam-
pling predatory arthropods are evaluated. The abun-
dance of spiders and species composition in sprayed
and nonsprayed lime orchards are also investigated.

Materials and Methods

Preliminary Survey of Predatory Arthropods. Sam-
pling was conducted from 15 June 1995 through 15
August 1995 in three lime orchards (2.5Ð3.5 ha) in
Homestead, FL. Some spider species are very sensitive
to chemical pesticides, thus to cover the diversity of
spiders, all the orchards included in the preliminary
survey were nonsprayed. In all the orchards, the trees
were planted 6.0 m between rows and 4.5 m between
trees.
In each orchard, 15 randomly selected trees were

surveyed weekly for 8 wk. Sampling of spiders was
done by visually searching all plant parts from 0.3 to
1.7 m above ground. The searching time for each tree
ranged from 5 to 10 min depending on the circum-
ference of the tree. Sampling was conducted in the
morning. All spiders were collected in 20-ml labora-
tory glass vials containing 70% ethyl alcohol. The col-
lectionswere transported to the laboratory for sorting,
counting, and identiÞcation. Spider identiÞcation was
done using published keys by Kaston (1978) and Roth
(1993). The veriÞcation of spider identiÞcation was
provided by G. B. Edwards, a spider taxonomist at
Division of Plant Industry, Gainesville, FL. Voucher
specimens are deposited at the Tropical Research and
Education Center, Homestead, FL.
Differences in spider density by species and family

in each spider guild (web builders, hunters, and am-
bushers) among the three orchards were subjected to
a one-way analysis of variance (ANOVA). The means
were compared by TukeyÕs studentized range hon-
estly signiÞcant difference (HSD) test (SAS Institute
1989); only the adult stage of identiÞable species was
included in the calculation of the means. The spider
guild identiÞcation was based on predation behavior
in each species. Themeanweekly count of wandering
spiders was also comparedwith that of the web-build-
ing spiders using HSD. Other insect predators, (i.e.,
green lacewings, coccinellids, and ants) were also col-
lected and counted. The weekly count mean for these
groupswascomparedwiththatof thespidersusingHSD.

Comparison of Three Different Sampling Tech-
niques. This study was conducted in three lime or-
chards (orchards 4Ð6, Table 1) in Homestead, FL,
from 25 May 1996 to 20 August 1996. Three sampling
methods were used to determine the density of pre-
dacious arthropods. Ten trees in each orchard were
sampled weekly using the three sampling methods.
The Þrst method consisted of counting the arthropod
numbers visually observed on leaf ßushes of 10 ran-
domly selectedbranches (31.0 cmmean length) at the
exterior canopy. Samplingwasdonebetween0900and
1100 hours. Leaves webbed together were carefully
inspected or unfolded to determine the presence of
spiders in the retreat nest. In the second sampling
method, a 1 by 1-m shake-cloth was placed under Þve
branches clamped together and beaten 10 times with
a wooden yardstick. Five groups of Þve branches
clamps were selected from the tree canopy. The third
sampling method consisted of using suction DVAC
sampler (ModiÞed CDC Backpack Aspirator-model
1412, John W. Hock, Gainesville, FL). The collecting
device was held at �1 m above ground and pointed
toward the middle and bottom exterior portion of the
canopy. The operator moved clockwise around the
tree.
The specimens from all three sampling methods

were collected in 20-ml glass vials with 70% ethyl
alcohol and brought back to the laboratory for sorting,
counting and identiÞcation. Spiders were grouped
into two guilds based on predation behavior: web-
building and hunting groups.
Means and variances were calculated for each sam-

pling method for the two spider guilds. Means were
compared using ANOVA and HSD. Mean densities of
the most common spiders were also calculated and
compared using HSD.

Spiders in Sprayed and Nonsprayed Orchards. Spi-
ders were sampled in six 2.5- to 4.5-ha lime orchards
in Homestead, FL. In all the orchards, the trees were
�4.5 m tall and had canopies of �5.0 m in diameter.
The orchards and spray programs included in the
survey are described in Table 1.
In each orchard, 15 trees were selected randomly

each week from mid-May to August 1996. Trees were

Table 1. Properties of the lime orchards included in the survey

Orchard Status Location
Size,
ha

Pesticide
management

1 Commercial Homestead, FL 4.0 Sprayed
2 Commercial Homestead, FL 3.5 Sprayed
3 Experimental TREC-Homestead, FL 4.5 Sprayed
4 Commercial Homestead, FL 3.5 Not sprayed
5 Commercial Homestead, FL 2.5 Not sprayed
6 Experimental TREC-Homestead, FL 2.5 Not sprayed

Sprayed commercial orchards 1 and 2, Agrimek 0.15 EC � Petro-
leum oil 97% (10 ß oz/acre) for citrus leafminer control (Phyllocnistis
citrella) (3X, X � number of times sprayed), Ethion 4EC (6 pt/acre)
for broadmites [Polyphagotarsonemus latus] and snow scale (Unaspis
citri) (2X), Copper fungicide (4 lb metallic) for melanose and foot
and root rot (3X); sprayed orchard#3, Agrimek 0.15 EC�Petroleum
oil 97% for P. citrella (10 ß oz/acre) (2X), Copper fungicide (4 lb
metallic) (2X).
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individually inspected every week using the visual
sampling method as described in the preliminary sur-
vey. After the visual examination, the same tree was
further sampled using the shake-cloth method as de-
scribed above. The number of spiders, green lacew-
ings, coccinellids, and ants were recorded.
For all the analyses, arthropod sampleswere pooled

or combined for each sample date and orchard. Abun-
dance was calculated for all the identiÞable adult spe-

cies for spiders as well as for green lacewings, coc-
cinellids, and ants. Spider species diversity among
orchards was estimated using SimpsonÕs diversity in-
dex (D) (Krebs 1989):

D � 1/��pi)2,

where D � SimpsonÕs diversity index
pi � proportion of spider species i in the commu-

nity.

Results

Preliminary Survey of Predatory Arthropods. In
general, the spiders signiÞcantly outnumbered the
green lacewings, coccinellids, and ants (F � 166.43;
df � 1, 176; P � 0.0001) (Fig. 1). Nine families, 25
genera, and 15 identiÞable species of spiders were
recorded (Table 2). Three families represented the
web building spiders, Þve families represented the
hunting spiders, and one family represented the am-
bushers. When weekly counts were averaged for the
three orchards, Þve species of web-building spiders
[i.e., Araneus sp., Eriophora ravilla C. L. Koch, Gas-
teracantha cancriformis (L.), Leucauge venusta (Wal-
ckenaer), and Theridion sp.] and four species of hunt-
ing spiders [i.e., Chiracanthium inclusum (Hentz),
Hentzia palmarum (Hentz), Hibana velox (Becker),
andTrachelas volutus (Gertsch)]were representedby
Þve or more individuals per tree.
Among thewebbuilding spiders,Theridion sp.,Erio-

phora ravilla, Araneus sp., Leucauge venusta, and Gas-
terachanta cancriformis were abundant in all orchards
(Table 2). The wandering spider group (hunters and
ambushers) in lime orchards was dominated by three

Fig. 1. Abundance of predatory arthropods in lime or-
chards during summer, 1995 at Homestead, FL. Vertical bars
with the same letters are not signiÞcantly different (ANOVA,
HSD, P � 0.05).

Table 2. Mean counts (mean � SEM) of spiders collected in three lime orchards at Homestead, Florida (June 15–15 August 1995)

Guild Family Species Orchard 1 Orchard 2 Orchard 3

Web builder Araneidae Acacecia hamata (Hentz) 0.0 � 0.0b 0.5 � 0.7a 0.0 � 0.0b
Araneidae Araneus sp. 16.0 � 3.9a 5.4 � 1.9ab 4.0 � 1.9b
Araneidae Argiope catenulata (Doleschall) 0.0 � 0.0a 0.0 � 0.0a 0.9 � 1.5a
Araneidae Cyclosa sp. 1.8 � 1.6a 0.8 � 0.8a 1.1 � 1.3a
Araneidae Eriophora ravilla 20.8 � 3.2a 5.0 � 1.8b 0.6 � 0.9b
Araneidae Gasteracantha cancriformis 12.3 � 3.1a 7.5 � 2.4a 8.2 � 2.5a
Araneidae Leucauge venusta 12.8 � 2.4a 5.9 � 2.2ab 2.8 � 1.8b
Araneidae Metapeira sp. 0.2 � 0.7a 0.5 � 0.7a 0.4 � 1.0a
Araneidae Neoscona arabesca (Walckenaer) 5.1 � 1.6a 1.1 � 0.9b 0.4 � 1.0b
Araneidae Nephila clavipes (L.) 0.1 � 0.6a 0.1 � 0.6a 0.4 � 0.9a
Tetragnathidae Tetragnatha sp. 0.0 � 0.0a 0.1 � 0.6a 0.5 � 0.9a
Theridiidae Conophista sp. 1.0 � 1.4a 0.0 � 0.0a 0.0 � 0.0a
Theridiidae Latrodectus geometricus 0.2 � 0.7ab 0.8 � 0.8a 0.0 � 0.0b
Theridiidae Theridion sp. 42.5 � 4.0a 23.4 � 2.2a 45.1 � 6.0a
Theridiidae Theridula sp. 0.0 � 0.0a 3.5 � 2.5a 1.4 � 1.9a

Hunters Anyphaenidae Hibana velox 47.0 � 5.5a 42.4 � 4.2a 28.8 � 3.6a
Clubionidae Chiracanthium inclusum 29.1 � 4.8a 21.5 � 2.9a 16.5 � 2.9a
Corrinnidae Trachelas volutus 32.2 � 3.9a 23.2 � 4.8a 16.1 � 2.6a
Lycosidae Lycosa sp. 1.4 � 1.1a 1.1 � 1.0a 0.9 � 0.5a
Salticidae Hentzia palmarum 5.3 � 2.3a 10.1 � 2.7a 8.6 � 2.7a
Salticidae Lyssomanes viridis (Walckenaer) 0.0 � 0.0a 0.3 � 0.7a 0.4 � 0.7a
Salticidae Metaphidippus vitis (Cockerell) 0.0 � 0.0a 0.0 � 0.0a 0.8 � 1.4a
Salticidae Phidippus regius Koch 2.9 � 1.6a 4.8 � 1.8a 7.0 � 2.6a
Salticidae Plexippus sp. 0.6 � 1.2a 0.4 � 0.9a 0.0 � 0.0a

Ambushers Thomisidae Misumenops sp. 0.5 � 1.1ab 0.7 � 1.3a 0.0 � 0.0b

Means � SEM across rows followed by the same letters are not signiÞcantly different (ANOVA, HSD, P � 0.05). Counts are Mean � SEM
per tree over 8 wk.
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species of sac spiders, Hibana velox (Becker)
(Anyphaenidae), Chiracanthium inclusum (Hentz)
(Miturgidae), and Trachelas volutus (Gertsch)
(Corinnidae). The jumping spider,Hentzia palmarum
(Hentz) (Salticidae), was also relatively common in
the lime orchards.

Comparison of Sampling Methods. The number of
predators collected from lime orchards using three
sampling techniques are presented in Table 3. In gen-
eral, the visual sampling method provided the highest
number of spiders collected, followed by the shake-
cloth method (orchard 1: F � 107; df � 23, 168; P �
0.0001; orchard 2: F � 182.31; df � 23, 168; P � 0.0001;
orchard3:F�75.67; df�23, 168;P�0.0001).A similar
trend was observed for green lacewings (orchard 1:
F � 6.51; df � 23, 168; P � 0.001; orchard 2: F � 40.70;
df � 23, 16; P � 0.0001; orchard 3: F � 5.02; df � 23,
168; P � 0.007). The shake-cloth technique was found
to be signiÞcantly more efÞcient for sampling ant
populations than the visual or the DVAC suction sam-
pling technique (orchard 1:F� 41.82; df� 23, 168;P�
0.001; orchard 2: F � 25.45; df � 23, 168; P � 0.001;
orchard 3: F � 34.0; df � 23, 168; P � 0.0001). For the
entire sampling period, coccinellid populations were
so low in all orchards that no signiÞcant differencewas
detected among the different techniques (orchard 1:
F � 2.92; df � 23, 168; P � 0.05; orchard 2: F � 0.60;
df� 23, 168; P � 0.54; orchard 3: F � 0.91; df� 23, 168;
P � 0.40) (Table 3).
Spider species abundance of the nine most com-

monly encountered species was calculated for all the

sampling locations (Table 4). The commonly encoun-
tered species consisted of four species ofweb building
spiders and Þve species of hunting spiders. SigniÞcant
differences for mean weekly count of every spider
species were observed among sampling methods (Ta-
ble 4). In general, signiÞcantly more individuals were
collected with the visual and shake-cloth methods
than with the DVAC suction method except for Gas-
teracantha cancriformis (L.) and Leucauge venusta
(Walckenaer) of which signiÞcantly more individuals
were collected using the DVAC suction. There were
more hunting spiders collected using visual method
than using the shake cloth or theDVAC suctionmeth-
ods, whereas more web building spiders were col-
lected using DVAC suction except for Theridion sp.,
which was found more frequently using the visual
method (Table 4).

Spiders in Sprayed and Nonsprayed Orchards. Sig-
niÞcantly more spiders (F � 11.63; df � 1, 16; P �
0.003) and green lacewing (F � 6.26; df � 1, 16; P �
0.02)were present in the nonsprayed orchards than in
the sprayed ones. There was no signiÞcant difference
observed in the number of coccinellids (F � 0.07; df�
1, 16; P � 0.79) and ants (F � 3.72; df� 1, 16; P � 0.07)
(Fig. 2). Ten spider families represented by 24 species
were captured during this study (Table 5). Among the
webbuilding spiders,Theridion sp.was themost abun-
dant species in all the orchards, whereas among the
hunting spiders, three species of sac spiders, Hibana
velox (Becker),Chiracanthium inclusum (Hentz), and
Trachelas volutus (Hentz) and one species of jumping

Table 3. Numbers of predators collected in three lime orchards using three different sampling techniques (Homestead, FL, Summer
1996)

Location Sampling technique
Predators

Spiders Lacewings Coccinellids Ants

Orchard 1 Visual 10.5a 0.58a 0.03ab 0.67b
Shake-Cloth 7.0a 0.03b 0.08a 2.48a
DVAC 1.8b 0.03b 0.0b 0.11b

Orchard 2 Visual 10.7a 5.6a 0.08a 0.02b
Shake-Cloth 7.3b 1.2b 0.02a 0.72b
DVAC 1.3c 0.5b 0.02a 0.02b

Orchard 3 Visual 9.4a 0.76a 0.24a 0.20b
Shake-Cloth 10.8a 0.04b 0.27a 3.3a
DVAC 2.7b 0.07b 0.13a 0.18b

Number indicates average count per tree. Means in columns for each orchard followed by the same letters are not signiÞcantly different
(ANOVA, HSD, P � 0.05).

Table 4. Densities of commonly encountered spiders in lime orchards using visual, shake-cloth, and DVAC sampling methods

Guild Species
Mean weekly count (�SEM) per tree

Visual method Shake-Cloth DVAC

Web builders Eriophora ravilla 0.4 � 0.1a 0.5 � 0.2a 0.1 � 0.1b
Gasteracantha cancriformis 0.5 � 0.2b 1.1 � 0.3ab 1.7 � 0.3a
Leucauge venusta 0.2 � 0.1b 1.1 � 0.3ab 1.6 � 0.3a
Theridion sp. 4.6 � 1.3ab 7.8 � 1.8a 1.3 � 0.4b

Hunters Chiracanthium inclusum 1.9 � 0.7a 0.2 � 0.1b 0.0 � 0.0b
Hentzia palmarum 1.2 � 0.3ab 1.7 � 0.3a 0.6 � 0.2b
Hibana velox 13.4 � 1.2a 1.6 � 0.3b 0.1 � 0.1b
Phidippus regius 0.5 � 0.1ab 1.2 � 0.3a 0.2 � 0.1b
Trachelas volutus 1.9 � 0.8a 0.9 � 0.2b 0.0 � 0.0b

Means across rows followed by the same letters are not signiÞcantly different (ANOVA, HSD, P � 0.05).
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spider, Hentzia palmarum (Hentz) were the most
abundant, occurring at �10 individuals per tree in all
the orchards.
The number of hunting (F � 37.71; df� 19, 760; P �

0.0001) and web building spiders (F � 5.48; df � 19,
520; P � 0.0001) differed among orchards. The num-
bers of hunting spiderswere signiÞcantly higher in the
nonsprayed than in the sprayed orchards; in contrast,
no such pattern was observed in the number of web

building spiders with regards to spray treatment (Fig.
3). The calculated diversity indices showed that there
was greaterdiversity inbothwebbuilding andhunting
spider groups in nonsprayed orchards than in sprayed
ones (Table 5).

Fig. 2. Differences in the abundanceof spiders andother
insect predators in nonsprayed and sprayed orchards.Within
each predator type, bars with the same letters are not sig-
niÞcantly (ANOVA, HSD, P � 0.05).

Fig. 3. Difference in the abundance of the two spider
guilds in nonsprayed and sprayed orchards. For each spider
guild, barswith the same letters are not signiÞcantly different
(ANOVA, HSD, P � 0.05).

Table 5. Densities and diversity of spiders in nonsprayed and sprayed orchards

Guild Family Species

Nonsprayed Sprayed

Abundance
(mean � SEM)

Simpson
diversity
index

Abundance
(mean � SEM)

Simpson
diversity
index

Web builders 9.1 7.7
Araneidae Acacecia hamata 0.7 � 0.7 0.0 � 0.0
Araneidae Acanthepeira sp. 0.2 � 0.6 0.0 � 0.0
Araneidae Araneus sp. 6.5 � 2.0 7.5 � 3.7
Araneidae Cyclosa sp. 1.3 � 0.8 1.3 � 1.5
Araneidae Eriophora ravilla 4.8 � 1.9 11.5 � 2.8
Araneidae Gasteracantha

cancriformis
9.8 � 2.5 11.9 � 2.8

Araneidae Leucauge venusta 8.9 � 2.3 9.2 � 2.5
Araneidae Metacyrba sp. 0.5 � 0.9 0.0 � 0.0
Araneidae Metapeira sp. 0.5 � 0.7 0.3 � 0.7
Araneidae Neoscona arabesca 2.2 � 0.9 5.5 � 1.5
Araneidae Nephila clavipes 0.2 � 0.6 0.2 � 0.6
Tetragnathidae Tetragnatha sp. 0.2 � 0.6 0.0 � 0.0
Theridiidae Theridula sp. 2.5 � 2.3 2.5 � 2.0
Theridiidae Latrodectus

geometricus
0.8 � 0.9 0.2 � 0.6

Theridiidae Theridion sp. 21.3 � 2.9 33.7 � 4.4
Hunters 4.0 3.3

Anyphaenidae Hibana velox 66.7 � 4.3 33.5 � 6.6
Clubionidae Chiracanthium

inclusum
36.5 � 3.1 23.0 � 4.5

Corinnidae Trachelas volutus 37.1 � 3.2 25.1 � 4.5
Lycosidae Lycosa sp. 1.3 � 1.0 1.3 � 1.1
Lyssomanidae Lyssomanes viridis 0.2 � 0.9 0.0 � 0.0
Salticidae Hentzia palmarum 14.7 � 3.5 14.2 � 3.4
Salticidae Phidippus regius 4.5 � 1.7 4.7 � 1.2
Salticidae Plexippus sp. 1.2 � 1.2 0.2 � 0.6
Thomisidae Misumenops sp. 2.1 � 1.3 0.7 � 0.9

Each number is the average count per tree.
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Discussion

In this study, signiÞcant Þndings were obtained on
the existence of a rich community of predatory ar-
thropods (i.e., lacewings, coccinellids, ants, and vari-
ous species of spiders) in lime orchards inHomestead,
FL. Knowledge of the ecological role of these impor-
tant predators is necessary for planning a pest man-
agement strategy. It is also needed toproperly identify
these important arthropods and their prey associa-
tions. In particular, the result of this preliminary sur-
vey showed a relatively high diversity of spiders in
lime.This survey contributed 12 species to the existing
record of spiders in citrus from the surveys done by
Muma (1975) and Mansour et al. (1982). The signif-
icantly high population of some of the spider species,
theweb building spider, Theridion sp, and the hunting
spiders, Chiracanthium inclusum, Hibana velox, and
Trachelas volutus could probably be attributed to the
availability of prey for these spider species in lime
orchards. Although it was not quantiÞed, populations
of mites, whiteßies, aphids, and citrus leafminer were
relatively high during the survey period and these
arthropods are known prey for some spiders. For in-
stance, Theridion spp. are known to prey on phyto-
phagous mites (Putman 1967). They are reported as
one of the most abundant web builders in apple or-
chards in Frelighsburg, Quebec, Canada (Dondale et
al. 1979) feeding on phytophagous mites. In citrus, a
number of Theridion spp. was reported as the most
common canopy web building spiders in California.
Carroll (1980) found three Theridion spp. abundant in
the canopy of citrus trees. They built delicate sheet
webs across a single leaf, catching primarily small ßies,
midges and psocids, but also some thrips, wasps, mites
and aphids. Likewise, Theridion sp. may feed on var-
ious arthropod pests in lime orchards, possibly on
phytophagous mites, thrips, and aphids.
The threehunting spiders,C. inclusum,H. velox, and

T. volutus, theyusually spend theday in loose silk nests
in rolled leaves or other enclosed spaces. Carroll
(1980) observed that these spiders, which are also
known as sac spiders, were the most abundant in
California citrus orchards and that they wander rap-
idly at night over the citrus canopy, groping primarily
for slow moving or sessile prey (i.e., thrips, mites,
insect eggs, and lepidopterous larvae). After extensive
laboratory tests of Hibana (�Aysha) sp. feeding on
citrus thrips, Bravo-Mojica (1975 cited from Carroll
1980) concluded that this sac spider probably con-
sumed a large number of thrips. However, Carroll
(1980) also found that most species of spiders, except
Miturgids and Anyphaenids, in citrus orchards feed
primarily on inocuous species of insects, indicating
that the impact of spiders on citrus pests is minimal. In
Israel, Mansour et al. (1980a) demonstrated that on
apple trees, removal of all sac spiders, primarily Chi-
racanthium sp., increased the survival ofSpodoptera sp.
(Noctuidae) caterpillars. Moreover, Wisniewska and
Prokopy (1993) reported that Anyphaenid spiders fed
on leafhopper nymphs and adults and on leafminer
larvae. In another study in lime we found that, C.

inclusum, H. velox, and T. volutus were feeding on
citrus leafminer (Amalin et al. 2001). Feeding tests in
the laboratory revealed that these sac spiders attacked
citrus leafminer even within the serpentine mines.
These species are day hunters and were observed
feeding on citrus leafminer larvae and in some occa-
ssions prepupae. In 1995, Peña et al. (1996) reported
population peaks of citrus leafminer in summer, and
since our surveywas conducted during summer, avail-
ability of citrus leafminer as spider prey may be the
reason for the high population of the sac spiders.More
studies on spider population dynamics are needed to
conÞrm our hypothesis concerning the population
trends of the spiders and their prey.
Results from the experiment in comparing different

sampling techniques suggest that visual and shake-
cloth methods are more efÞcient in sampling spiders
in lime orchards than DVAC suction method. The
retreating habits of the different spider species in lime
orchards may explain the differences in the efÞcien-
cies of the three sampling methods. For instance,
Theridion sp., which was the most abundant web
builder in lime orchards, hide themselves in delicate
sheetwebs constructedon leaf adaxial surfacesusually
on the edge of the major leaf veins (Carroll 1980) and
also on branch or stem crevices (unpublished data).
Theridion sp. is easily dislodged from the retreat nest
by shaking the plants. The sheet web is also very
noticeable by visual examination. The DVAC suction
machine did not readily access the retreat locations of
Theridion sp.Wandering spiders,C. inclusum,H. velox,
and T. volutus retreat in a concealed manner. They
usually are inside folded leaves glued with strong
sticky silk. Shaking or suctioning the plant does not
easily loosen this silk.However, the stickyglued leaves
are easily noticeable. Thus, visual examination ismore
effective than either the shake-cloth or the DVAC
suction methods in sampling these species of spiders.
Overall, our results show that the choice of sampling
method depends on the species of interest. It is true
that an effective strategy for sampling spiders or any
arthropods requires the use of the most precise and
affordable sampling method. However, the results we
obtained from comparing different sampling methods
show that no single method will provide optimum
recovery of all species of spiders.
The analyses of the spider abundance and diversity

suggest that the hunting groups are more affected by
pesticides than are the web builders. The movement
of the spiders on the plant canopy can best explain
these results. Thehunting group spiders activelymove
around the plant canopy to hunt for prey, and there-
fore, they are easily exposed to chemical sprays. How-
ever, the web building group was dominated by space
web spiders, which hide themselves in a delicate sheet
webconstructedon leaf adaxial surfacesusuallyon the
edgeof themajor leaf veins and also onbranchor stem
crevices.They remain stationary andwait forprey that
will be trapped on the web. Their concealing habit
probably protects them from being exposed to chem-
ical sprays. Theeffect of pesticides on arthropodpests,
particularly the potential prey for the different spi-
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ders, could also have an impact on the population of
spiders in the sprayed orchards. During our survey
period, we observed that the population of citrus leaf-
miner in sprayedorchardswas lowcomparedwith that
in nonsprayed orchards. Since it was conÞrmed in a
separate study (Amalin et al. 2001) that these sac
spiders are attacking citrus leafminer larvae and pre-
pupae, the low population of citrus leafminer in the
sprayed orchards may also contribute to the low pop-
ulationof sac spiders in these orchards.However,mite
and aphid populations were relatively high in the
sprayed orchards despite the application of Ethion par-
ticularly for broad mites. Probably this is the reason for
the high population of Theridion sp. in the sprayed or-
chards since this spider has a particular preference for
mites and aphids.Our data clearly demonstrate the non-
target effects of pesticides used in theorchards;whether
there aredirect or indirect effects onnontargets remains
tobe investigated.Nevertheless, the impactofpesticides
on the existing pest/natural enemy complex should be
taken into consideration in planning pest management
strategies for protecting limes.
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