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Abstract

Ballooning is a form of aerial movement practiced by most immature and some adult spiders. Very few studies have
investigated the composition and rate of spider ballooning in Australian agroecosystems. Water traps were used to compare
ballooning rates in irrigated soybean crops and nearby non-crop areas in southeast Queensland over two summer seasons.
The highest ballooning rate (14.8 spiders/m2 per day) was recorded in a soybean field, non-crop areas (7.0 spiders/m2 per
day) and a dry land mungbean field (6.8 spiders/m2 per day) having similar rates. Spider ballooning in soybean increased
throughout the season and showed three peaks and intervening troughs. A similar pattern in ballooning peaks was observed
in non-crop areas however the numbers were lower. Peaks in ballooning activity where synchronised across habitat types and
some spider groups. Composition of the ballooning fauna was different from that of the ground-dwelling fauna, some families
being present in both. Ballooning is an important behaviour in terms of population dynamics for a number of spider groups
in soybean and the implications for pest control are discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Spiders are considered an important component of
the naturally occurring complex of predatory arthro-
pods in field crops. They are often highly abundant
and may play an essential role in the reduction of pest
populations (Riechert and Lockley, 1984; Whitehouse
and Lawrence, 2001). Very little is known about the
diversity and ecology of spiders in Australian agroe-
cosystems, a poorly understood factor being how
spiders colonise annual crops. Colonisation can occur
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over short-distances by walking or over long-distances
by aerial movement, known as ballooning (Bishop
and Riechert, 1990). Ballooning allows spider popu-
lations to exist successfully in ephemeral agroecosys-
tems (Weyman and Jepson, 1994; Weyman et al.,
1995) and results in spiders colonising crops prior to
other predator species (Plagens, 1986; Weyman and
Jepson, 1994). Bishop and Riechert (1990)found that
approximately 50% of the spider species collected
from a garden plot were not found in nearby native
vegetation, suggesting that colonisation of a field was
not entirely dependent on a local source area.

Ballooning is a passive form of movement because
once a flight has commenced the direction and speed of
movement depends on environmental variables (Vugts
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and Van Wingerden, 1976; Bishop, 1990; Suter, 1999).
Cues that trigger pre-ballooning behaviours (such as
tip-toeing,Richter, 1970) are only starting to be un-
derstood (Weyman, 1993) and factors that cause the
cessation of a ballooning flight are unknown.

Spider ballooning can be assessed by a number
of techniques including sticky traps (Duffey, 1956;
Greenstone et al., 1985; Bishop and Riechert, 1990;
Plagens, 1986), water traps (Thomas and Jepson,
1999), seeded deposition traps mounted above the
crop (Weyman and Jepson, 1994; Weyman et al.,
1995), mechanical suction traps (Sunderland and
Topping, 1993), and nets attached to cars, kites or
airplanes (Farrow and Dowse, 1984). The familial
composition of spiders engaging in aerial movement
and cursorial movement can be quite distinct (Bishop
and Riechert, 1990). Suter (1999)summarised bal-
looning studies and found that Linyphiidae were the
numerically dominant taxa in seven out of eight stud-
ies. Thomisidae and Araneidae reached high numbers
in some studies. Ballooning is not the primary means
of movement in Lycosidae, but they are common
cursorial colonisers of agroecosystems (Agnew and
Smith, 1989; Bishop and Riechert, 1990).

Despite the importance of ballooning in spider pop-
ulation dynamics very few studies have investigated
the composition of the ballooning spider fauna within
Australian field crops (Greenstone et al., 1987). The
family composition of spiders ballooning was investi-
gated within soybean crops in southeast Queensland.
Water traps were used to investigate the seasonal pat-
tern in spider ballooning in unsprayed soybean crops
Glycine max (L.), mungbeanVigna radiata (L.), and
adjacent non-crop vegetation. Composition and diver-
sity of ballooning and ground-dwelling spider fauna
were compared and the relationship between spider
ballooning and changes in the within field spider pop-
ulation was investigated.

2. Materials and methods

The study was conducted at the University of
Queensland, Gatton campus in the Lockyer valley
(27◦34′S, 152◦20′E), 90 km west of Brisbane. The
valley is a very diverse cropping region consisting
of annual grain crops (e.g. soybean and mungbean),
perennial forage crops (e.g. lucerne) and a variety

of horticultural crops including brassicas, capsicums
and melons. The non-crop areas consist of domestic
gardens, parks, roadsides and remnant mostly riparian
vegetation. In the first season (2000/2001) water traps
were used within a single soybean field to collect
ballooning spiders. In the second season (2001/2002)
sampling was expanded with traps in two soybean
fields, two non-crop areas and a single mungbean field.
Drought conditions in the study region prevented fur-
ther grain crops from being sampled during this sea-
son. In both seasons pitfall traps were used to assess
the ground-dwelling spider fauna in soybean fields.

Water traps consisted of a rectangular container (21,
29 and 9 cm deep) made out of clear plastic and at-
tached to a metal star picket. The container was posi-
tioned 120 cm above the ground and filled with water
and a small amount of detergent. Tangle-Trap® paste
(The Tanglefoot Company, Grand Rapids, US) was
coated around the pole to prevent ground-dwelling
spiders and insects from being captured in the wa-
ter trap. Traps were inspected weekly and any spider
found was removed, placed in 80% ethanol and exam-
ined under a dissecting microscope. Inspection accu-
racy was assessed in the 2001/2002 season based on
24 traps checked in situ. Water in the trap was strained
after inspection through a sieve (0.5 mm mesh) and the
arthropods washed into a vial with 80% ethanol. Each
sample was examined under a microscope for any spi-
der that had been missed during the field inspection.

Pitfall traps consisted of a 7 cm diameter plastic
sleeve buried flush with the ground surface, into which
a plastic disposable drinking cup (200 ml) was in-
serted and three quarters filled with 50% ethanol and a
small amount of detergent. A lid made from a plastic
plate was placed 3 cm above the trap for protection.
After 3–4 days all traps were checked and ethanol
added if necessary. The traps were emptied after 7
days and sieved (0.5 mm mesh) before the arthropods
were sorted under a dissecting microscope. All spiders
were identified to family and classified as adult or im-
mature. Immature Lycosidae were placed in two size
classes,<5 mm in length (individuals with the poten-
tial to balloon), and >5 mm in length (not capable of
ballooning movement;Dean and Sterling, 1985).

A 5 ha soybean field, cv. Cawana, was planted
(0.75 cm row spacing) in the first week of January
2001 and harvested the last week of May 2001.
Throughout the season the crop was cultivated twice
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to reduce weeds, irrigated when necessary but no
insecticide was applied. The field was adjacent to a
lucerne crop that was cut regularly throughout the sea-
son. A water trap and pitfall trap were placed within
1 m of each other at five sites, 20 m from the field
boundary and at least 50 m in all directions from other
sites.

In the following season six water traps per site were
erected in each of two soybean fields, cv. Warrigal,
(5.5 and 8.8 ha), a single mungbean field, cv. Emer-
ald, (15 ha) and two non-crop areas located within
1 km of the soybean fields. The soybean was planted
in the first week of December 2001 and harvested in
the last week of April 2002. Throughout the season
the crops were cultivated twice to reduce weeds, irri-
gated when necessary but no insecticide was applied.
A pitfall trap was positioned within 1 m of each wa-
ter trap in the soybean fields. Three pairs of water
and pitfall traps were placed 20 m apart along two
transacts perpendicular to the field edge, both trans-
acts being 40 m from each other. The soybean fields
were adjacent to a large lucerne field cut every 4–6
weeks throughout the season. The mungbean field was
planted in the first week of January 2002, and culti-
vated to reduce weeds, but not irrigated and no insec-
ticide was applied. The mungbean field was adjacent
to a grazing field and a fallow field. Three pairs of
water traps were placed 20 m apart along two trans-
acts perpendicular to the field edge. Six water traps
were placed in each non-crop area. The first non-crop
area consisted of a roadside verge covered in weedy
grasses without trees, adjacent to a grazing paddock
(referred to as roadside verge). The second non-crop
area was a roadside verge adjacent to a cornfield with
tree cover and regularly mown weedy grasses (referred
to as field edge). The water traps were placed 20 m
apart in a single straight line horizontal to the road
edge.

3. Data analysis

Ballooning rate was calculated by averaging total
number of spiders caught across the season, and ex-
pressed as mean number of spiders ballooning/m2 per
day. The seasonal pattern of spider ballooning was
calculated as mean number of spiders per trap per
week across the traps within a sampling area. Seasonal

patterns in ballooning spider abundance were com-
pared between habitats in the second season using a
Spearman’s rank correlation coefficient.

The relationship between in situ spider count and
true count in the water traps was tested by linear
regression. Data from both sampling dates was com-
bined prior to analysis. The proportion of immature
spiders caught in each habitat and trap type was cal-
culated and expressed as a percentage of the total
spiders captured across the entire trapping period.
Family richness was estimated as the total number of
spider families captured in each habitat and trap type
across the entire trapping period. The Berger–Parker
dominance equation (dominance= Nmax/Ntot) was
used to estimate family dominance for each habitat
and trap type,Nmax being the number of spiders in
the most abundant family, andNtot the total number
of spiders collected across all families (Southwood,
1978; Colunga-Garcia et al., 1997). Cluster analysis
was used to compare community composition (Sinha,
1977) between trap types and habitats. This involved
constructing a dissimilarity matrix and applying a
fuzzy clustering method to assign each observation
in the matrix fractional membership to one or more
clusters graphically displayed using a cluster plot. All
analyses were performed in the statistical program
S-Plus (Mathsoft, 1999).

4. Results

Generally the field inspection underestimated the
true numbers of spiders in the water trap by approx-
imately one spider. The field count was not adjusted
prior to analysis.

The rate of spider ballooning was generally higher
than previously reported (Table 1). The highest
ballooning rate was recorded in cv. Warrigal with
14.8 spiders/m2 per day. The lowest ballooning rate
was in cv. Cawana with 5.9 spiders/m2 per day.
Non-crop areas had a ballooning rate comparable to
the mungbean field (Table 1).

The proportion of immature spiders in water traps
remained fairly constant (66–74%) across the season,
regardless of habitat or location (Table 2). Pitfall traps
in soybean fields caught fewer immatures than water
traps, and numbers caught per pitfall trap per week
were similar in all soybean fields (Table 2).
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Table 1
Comparison of spider ballooning data from traps in an agricultural area of southeast Queensland, Australia, with other studies

Site details Areaa Trap typeb Sampling days Mean/m2 per day

Cawana AUS Water 103 5.9
Warrigal AUS Water 99 14.8
Warrigal AUS Water 85 10.7
Mungbean AUS Water 49 6.8
Roadside verge AUS Water 120 7.0
Field edge AUS Water 120 7.6

Garden/old field USAc Sticky (in situ count) 196 2.0
Soybean USAd Sticky (microscope count) 72 2.8
Grass field UKe Deposition 24 5.4
Grass field UKe Barley plant trays+ aphids 24 4.8
Grass field UKe Barley plant trays− aphids 24 3.5
Wheat UKf Deposition January–August 4.0
Grass field UKf Deposition November–August 2.6

a AUS: Australia; USA: United States of America; UK: United Kingdom.
b For full description of trap type see reference.
c Bishop and Riechert (1990).
d Greenstone et al. (1985)calculated fromFig. 2.
e Weyman and Jepson (1994).
f Weyman et al. (1995).

Table 2
Proportion of immature spiders caught per trap and week over the whole season (±S.E.)

Site Trap Mean per trap per week Na Percent immatures Number of families Dominanceb

Cawana Water 2.57 (0.80) 78 66 12 0.40
Cawana Pitfall 5.71 (1.26) 78 29 10 0.45
Warrigal Water 6.08 (0.57) 90 67 13 0.34
Warrigal Pitfall 5.94 (1.20) 90 42 15 0.63
Warrigal Water 4.36 (0.42) 78 74 13 0.31
Warrigal Pitfall 5.24 (0.44) 78 43 16 0.67
Mungbean Water 2.60 (0.30) 48 66 12 0.39
Roadside verge Water 2.89 (0.20) 108 74 13 0.26
Field edge Water 3.41 (0.30) 100 70 16 0.26

a N: number of traps collected per week by number of weeks traps were in use.
b Berger–Parker dominance value.

Water traps in non-crop areas collected spiders from
13 to 16 families (Table 2), compared to 12–13 fami-
lies in soybean and 12 families in mungbean. The most
abundant families in soybean were Linyphiidae, Ly-
cosidae and Araneidae (Table 3). Water traps in mung-
bean had a similar family composition to soybean.
Water traps in non-crop areas caught proportionally
fewer Linyphiidae but Lycosidae and Araneidae were
still relatively abundant. Family dominance indices
ranged from 0.31 to 0.40 in crops to 0.26 in non-crop
areas, pitfall traps having the highest dominance in-
dices (0.45–0.67,Table 2).

The ballooning spider fauna was different from the
ground-dwelling spider fauna (Fig. 1) and the spider
community composition differed between pitfall traps
and water traps. Lycosidae and Linyphiidae were the
most abundant families in soybean pitfall traps. Fami-
lies that were abundant in the water traps were gener-
ally present in the pitfall traps, except for Araneidae,
which are mostly web builders and not sampled ef-
fectively in pitfall traps. More families were caught in
soybean pitfall traps than in water traps.

In water traps ballooning spiders displayed a
wave-like pattern of synchronised peaks and troughs
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Table 3
Family-level composition of spiders captured in water and pitfall traps in soybean, non-crop areas and mungbean in southeast Queensland.
Composition is shown as a percentage of the total trap catch across the sampling period

Cawana Warrigal Warrigal Mungbean Roadside verge Field edge

Water Pitfall Water Pitfall Water Pitfall Water Water Water

Linyphiidae 40.1 37.8 34.3 9.2 28.0 8.6 38.5 25.6 25.6
Lycosidae 9.9 44.8 24.8 63.5 31.3 67.4 20.2 16.0 13.1
Araneidae 16.7 0.6 11.0 0.2 8.5 0.2 6.4 13.0 10.4
Tetragnathidae 13.0 0.0 6.1 0.0 2.6 0.0 11.9 6.9 6.6
Clubionidae 4.9 0.9 5.7 3.9 12.7 2.9 6.4 13.0 8.3
Dictynidae 0.0 0.0 4.2 2.9 2.0 2.7 2.8 1.9 1.4
Thomisidae 1.9 0.0 3.4 0.4 3.3 0.2 0.9 5.7 4.2
Theridiidae 7.4 3.8 3.2 1.6 4.2 0.5 0.9 8.4 21.5
Oxyopidae 3.1 0.0 2.3 0.2 3.9 1.2 2.8 4.2 2.4
Salticidae 0.6 1.2 1.9 1.4 2.0 3.9 6.4 1.1 1.4
Gnaphosidae 0.6 2.6 1.3 2.0 0.3 2.7 0.0 2.3 2.1
Pisauridae 0.6 0.0 0.8 0.0 0.3 0.2 1.8 1.1 0.7
Hahnidae 1.2 0.3 0.8 9.8 1.0 4.4 0.9 0.8 1.4

Fig. 1. Cluster analysis of family composition of water and pitfall traps at sites in southeast Queensland. The first two components explain
74% of the point variability. Cluster 1 (�) is composed of all water traps and cluster 2 (�) of soybean pitfall traps.
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Fig. 2. Seasonal pattern of ballooning activity measured by the mean number of spiders in water traps per week in various habitats over
two seasons (open arrow represents planting date, numbers indicate peaks in ballooning activity, S.E. removed for clarity).
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Table 4
Spearman’s rank correlation coefficient for ballooning spiders caught in water traps in different habitats in a single season (all coefficients
significant;P < 0.05)

Roadside verge Field edge Warrigal Warrigal Mungbean

Roadside verge 1.00
Field edge 0.81 1.00
Warrigal 0.66 0.52 1.00
Warrigal 0.64 0.70 0.60 1.00
Mungbean 0.81 0.85 0.55 0.52 1.00

across the sampling period (Fig. 2). During the
first season number of ballooning spiders caught in
soybean increased as the season progressed. The fol-
lowing season had three distinct peaks at 2–3 weeks
interval. Number of ballooning spiders in mungbean
were lower than in soybean and similar to non-crop
areas. The non-crop areas had peaks at similar dates
as soybean, but with much lower numbers (Fig. 2).
There was a significant correlation in the patterns
of ballooning spider activity amongst all habitats
(Table 4).

Seasonal patterns of the two most abundant groups,
Lycosidae and Linyphiidae were investigated in soy-
bean. Lycosidae caught in water traps were always
immatures (<5 mm) and the Linyphiidae consisted of
adults and immatures (<5 mm). Peaks of Linyphiidae
in water traps coincided with, or were shortly followed
by peaks in pitfall traps. Patterns in Lycosidae were
more complex and influenced by the life stage. In the
first season the number of Lycosidae captured in water
traps was much lower than the following season and a
single major activity peak was recorded in March. In
the second season there were two major peaks in bal-
looning activity separated by approximately 3 weeks.
Peaks in water trap catches of Lycosidae occasionally
coincided with a decrease in pitfall trap catches of
similar sized immatures, suggesting a net emigration
of immatures.

5. Discussion

Ballooning is a key behaviour for a number of im-
portant spider groups in soybean fields. The highest
mean ballooning rate of 14.8 spiders/m2 per day gave
an estimated 815 100 spiders ballooning into this field
per day based upon area. In reality this figure in-
cludes spiders ballooning out and within the field. In

comparison, mungbean fields and non-crop areas had
much lower levels of ballooning activity, perhaps be-
cause soybean were irrigated. Alternatively, high rates
of movement may occur in habitats, which are tran-
sient or unpredictable, such as annual soybean fields
(Weyman, 1993; Wissinger, 1997).

Number of spiders ballooning in soybean increased
throughout the season in a wave pattern of peaks and
troughs. Ballooning peaked at the same time in all
habitat types but mungbean and non-crop had notice-
ably lower numbers.Thomas and Jepson (1999)ar-
gued that water trap catch was not directly related to
the number of spiders ballooning, but rather a function
of: the size of the source population on the ground; the
proportion of the population engaged in ballooning;
available ballooning time, weather conditions; and the
take-off and landing rates. Size of the source popula-
tion in this study appeared to be a driving factor in
water trap catches. Weather conditions alone could not
explain why water trap catches were greater in soy-
bean than in adjacent non-crop areas, particularly to-
wards the end of the season. Pitfall trap catches and
other sampling techniques in soybean fields showed
that spider numbers generally increased as the sea-
son progressed and the crop matured (Scholz et al.,
2001). Unsprayed, irrigated soybean appeared suitable
for spider reproduction and had more ballooning spi-
ders than surrounding non-crop areas. As the season
progressed the soybean crop could have become less
suitable for the spiders, and greater number of bal-
looning spiders may be a result of the crop senescing
before harvest. Such a pattern would not be observed
in the perennial non-crop area. The synchronicity in
peaks between habitats suggests that spider popula-
tions have similar seasonal dynamics across the study
area. Alternatively, a spillover effect from the soybean
fields into the surrounding habitats could explain this
pattern.
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Seasonal peaks in Linyphiidae numbers balloon-
ing in soybean generally coincided with peaks of the
ground population.Weyman et al. (1995)observed a
similar trend in wheat fields. Since ballooning num-
bers in the non-crop area did not correspondingly in-
crease, peaks in ballooning Linyphiidae were more
likely to be driven by the size of the ground population.
In 2001 ballooning Lycosidae peaked in both soybean
fields when number of very small Lycosidae captured
on the ground decreased, suggesting that there was a
net emigration or redistribution of spiders. Ballooning
peaks were preceded by a peak in ground-dwelling
immature spiders.

Linyphiidae, Lycosidae and Araneidae families
dominated the ballooning spider fauna in soybean.
The lack of preservative in the water traps may have
lead to the decomposition of some very small spi-
ders (e.g. Linyphiidae) thus their numbers may have
been underestimated. Most families found in soybean
ballooned, including those relevant to pest control
such as Lycosidae (Lang et al., 1999; Pearce and
Zalucki, 2002) and Linyphiidae (Sunderland et al.,
1986; Nyffeler, 1999). The ballooning spider fauna is
poorly known in Australia.Greenstone et al. (1987)
found that Linyphiidae dominated (45%) the bal-
looning spider fauna in native pastures, Lycosidae
being less common (3%).Bishop and Riechert (1990)
found that Thomisidae (32%), Clubionidae (27%) and
Linyphiidae (21%) dominated the ballooning fauna
in a garden system and captured more spider families
in pitfall than aerial traps (19 versus 12 families).
The ballooning fauna in soybean has higher number
of Lycosidae (10–31%) than in corn (9%;Plagens,
1986), peanuts (4%;Agnew and Smith, 1989), or
mixed gardens (4%;Bishop and Riechert, 1990).
Ballooning results in the movement of individuals
to habitats different from their original habitat and
may have implications in terms of the abundance of
spiders in the greater agricultural landscape.
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