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ABSTRACT

Ballooning spiders were captured during a full growing season over agricultural habitats i n
Missouri, USA, and one week in New South Wales, Australia, using sticky traps in Missouri and to w

nets in Australia. More than 2,000 spiders in Missouri and more than 800 spiders in Australia were

identified to family and estimates made of their live masses . Both aeronaut faunas are dominated by
the family Linyphiidae, with the remaining families making up different proportions at the two sites .

The vast majority of aeronauts weighed between 0 .2 and 1 .0 mg, with the mass-frequency distribution s

at both sites tailing off rapidly beyond 2 .0 mg. The most massive Missouri aeronaut weighed 25 .5 mg,

and the most massive Australian aeronaut 19 .1 mg . These are the first published extensive data on th e
live masses of ballooning spiders from the field and this is the first taxonomic analysis of a Souther n

Hemisphere aeronaut fauna.

INTRODUCTION

There is a large and well established literature on aerial migration of terrestria l
arthropods (see Johnson 1969 and Dingle 1978 and 1980 for reviews) . Not
surprisingly it is dominated by the insects, whose large size, instances of mas s

seasonal dispersal, and agricultural pest status call attention to them . However

insects are not the only aerially dispersing terrestrial arthropods (Southwoo d

1962) . The most conspicuous of the remaining groups are the spiders (Arachnida :

Araneae) . Like the insects, spiders disperse aerially in enormous number s

(Comstock 1948), often seasonally (Emerton 1908 ; Bristowe 1929 ; Duffey 1956) ,

and may in this way travel hundreds of kilometers (Holzapfel and Perkins 1969 ;

Okumo and Kisimoto 1981). Unlike the insects, they lack wings, being instea d

lifted and carried passively on silken threads in the process known as ballooning .
Spiders have considerable potential as agents of biological control of pest s
(Riechert and Lockley 1984), so their capacity to disperse is of more than

theoretical interest, especially in annual crop systems which they must recolonize
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at the beginning of each growing season along with the insect pests on which the y
feed .

Insects lighter than aphids and as massive as plague locusts are known t o
disperse aerially. There has only been one restricted data set available on th e
masses of ballooning spiders (Coyle et al . 1985) . We have been able to gathe r
large samples of such data as a part of long-term studies on terrestrial arthropod
dispersal in Missouri, USA and New South Wales, Australia . Since all previou s
taxonomic data on aeronauts are exclusively from the Northern Hemisphere, we
also feel it is valuable to present the family distributions of aeronauts from bot h
sites .

METHOD S

The Missouri site was a 2 .0 ha field at the University of Missouri South Farms ,
9 .7 km SE of the city of Columbia in Boone Co ., planted to soybeans wit h
varying admixtures of sunflowers as part of a study on the influence of croppin g
scheme on natural enemy diversity (N. L. Marston, pers . comm .) . Panel sticky
traps made of 12 .7 mm (1/2 in) and 6 .35 mm (1/4 in) galvanized hardware cloth
coated with the adhesive Tack Trap® (Animal Repellents, Inc ., Griffin, GA .) were
run for eighteen consecutive one-week periods beginning on June 15, 1983 . The
traps were mounted on an open frame and covered a total area of 3 .0 m2 between
0 .5 and 2 .0 m elevation. All vegetation was cleared from within 3 .0 m of all trap s
by application of the herbicide Roundup ® (Monsanto Co., St . Louis, MO) to
maximize the probability that all trapped spiders had been ballooning rather than
travelling on bridge lines . For the same reason the trap supports were coated with
adhesive to ensure that walking spiders would be intercepted rather tha n
spuriously trapped (see Greenstone et al . 1985a, for complete description of
trapping system) . The traps were returned to the laboratory for examination a t
6X with a stereo microscope, and the spiders placed in paint thinner to remov e
the adhesive . After four days the spiders were transferred to toluene and after a
further four days to 70% ethanol for final preservation . The traps were cleane d
with solvent, recoated in the laboratory and replaced in the field each week .

The Australian site was at Trangie in the Central Western Plains of New Sout h
Wales, in native pastures derived from cleared savannah woodland adjacent t o
fields of wheat and dryland lucerne . Spiders were sampled by tow net from both
the surface boundary layer, at 3 .0 m, and the planetary boundary layer, between
100 and 300 m elevation . The net, which had a 1 .0 m2 opening, was supported b y
a mast at the lower elevation and by a kite in the upper air . The kite was
deployed in a way which minimized arthropod catches during ascent and descen t
(Farrow and Dowse 1984) . The samples of arthropods were immediately
preserved in 70% ethanol and the spiders were subsequently separated in th e

laboratory. Unlike the Missouri sampler the net is dependent upon favorabl e
winds for its deployment, so that sampling at the Australian site was no t
continuous and the individual sampling periods were relatively short (1-6 h) . We
present only data from November 23-30, 1979, which had the largest proportion
of spiders of the samples taken in the Trangie sampling program .

After the spiders had been preserved in ethanol for at least three months, th e
masses of all of the Australian spiders and a representative sample of the
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Missouri spiders were estimated by means of a volumetric mass estimate derive d
from a series of linear measurements (Greenstone et al . 1985b) ; this estimate i s
not affected by the differences in methods of trapping and preservation at the two
sites and stabilizes after six weeks of ethanol preservation (Greenstone et al .
1985c) . We also identified the spiders to family . Although a few species can b e
confidently identified to genus and even species (e .g . the Oxyopes and
Tetragnatha species, which were represented by one or a few species at each site) ,
the vast majority of aeronauts are minute immatures so that genus or species leve l
identification would require a major basic research effort in systematics (J .
Coddington pers . comm.) .

RESULTS AND DISCUSSION

Family-frequency distributions for the Missouri and Trangie samples are show n
in Figs . lA and 1B, respectively . The family Linyphiidae dominates in both cases ,
with 42% and 52% of the individuals, respectively (we follow Millidge 1980 in
including the Erigonidae and Micryphantidae of some authors in this family) . The
Araneidae and Oxyopidae each make up between 9% and 17% of the total, with
the remaining families differing in dominance between the two sites . The same
proportion of unidentifiable ' animals, about seven percent, was found at bot h
sites, reflecting comparable incidences of damage to spiders whether collected by
sticky trap or tow net .

The mass-frequency distributions are shown in Figs . 2A and 2B. More than
half of the aeronauts at both sites are in the first two mass classes (0 .21 and 0.60
mg) and the vast majority, 85% in Missouri and 94% in Trangie, weigh 1 .0 mg o r
less . The most massive spiders collected weighed 25 .5 mg and 19.1 mg,
respectively .

About 14% of identified Missouri aeronauts and 32% of identified Trangi e
aeronauts were adults (Table 1) . However the percentages for linyphiids alone are
31 and 58, respectively . In both cases the sex ratio is not significantly differen t
from 1 .0 (p > 0.15 and p > 0.99, Binomial Test, Siegel 1956) . The large
proportion of adults among linyphiid aeronauts has been noted by other workers
but females have predominated in these earlier studies (Duffey 1956; Meijer 1977 ;
Salmon and Horner 1977) .

The Trangie collection is the first from the Southern Hemisphere to b e
analyzed taxonomically . Because it covers only one week's data, no detaile d
comparisons with Northern Hemisphere collections are made here . However the
same families appear to be involved in the aeronaut fauna of the most isolated o f
Southern Hemisphere continents as in the better-studied Holarctic, so that th e
ecology and evolution of ballooning behavior are probably little influenced b y
Australian endemicity .

The linyphiids dominate most of the ballooning literature, which ha s
emphasized mid to high latitude Northern Hemisphere sites, where the linyphiid s
predominate on the ground as well as in the air (Bristowe 1929 ; Enders 1975) .

Their domination of the Missouri (N . Latitude 38° 58') samples was therefore t o
be expected . The linyphiids are of particular interest because a high proportio n
balloon as adults, when they have high reproductive value and hence hig h
colonizing potential (MacArthur and Wilson 1967 ; Greenstone 1982) . Further-
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Fig . 1 .-Family-frequency distributions for aeronauts captured in Missouri (A) and Trangie (B) .
Abbreviations : Club . = Clubionidae ; Gnaph . = Gnaphosidae ; Mim. = Mimetidae ; Pis . = Pisauridae ;
Tetr . = Tetragnathidae; Thom. = Thomisidae .

more they are known to be important predators in at least some agricultura l
systems (Riechert and Lockley 1984) .

Fig . 2A depicts a very large data set collected throughout an entire growin g
season and is therefore a definitive estimate of the mass frequency distribution of
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Table 1 .—Age, sex, and taxonomic representation of identified aeronauts . M = male, F = female, I
= immature, % = percent of fauna represented by family . Percentages in this table differ from thos e
in Fig . 1 due to exclusion of unidentified animals . *Gnaphosids and mimetids represent less than 0 .1 %
of the identified Missouri animals .

MISSOURI TRANGI E
Family M F I % M F I %

Linyphiidae 160 161 716 44 .9 105 127 171 54 . 2
Araneidae 4 0 266 11 .7 6 1 131 18 . 6
Oxyopidae 0 0 231 10 .0 0 1 138 18 . 7
Thomisidae 1 0 314 13 .6 0 0 3 0 .4
Tetragnathidae 0 0 312 13 .5 0 0 1 0 . 1
Lycosidae 0 0 68 2 .9 0 0 37 5 .0
Salticidae 1 0 36 1 .6 0 0 13 1 . 8
Philodromidae 0 0 28 1 .2 0 0 6 0 . 8
Clubionidae 1 0 7 0 .4 0 0 3 0.4
Gnaphosidae 0 0 1 * 0 1 0 0. 1
Pisauridae 0 0 2 0 .1 — —
Mimetidae 0 0 1 *

aeronauts . Clearly most ballooners weigh 1 .0 mg or less, and ballooners heavier
than 30 mg are unlikely . (Note that there are no aeronauts weighing less tha n
0.21 mg) .

There are three possible contributors to the mass-frequency distributions o f
aeronauts, viz ., the mass-frequency distributions of potential aeronauts, th e
ballooning tendencies of spiders of different mass classes, and the effect o f
atmospheric lift on the dynamics of ballooning . The mass-frequency distribution s
of spiders collected from the ground and vegetation do favor smaller animals, bu t
they are not as markedly skewed as those in Fig . 2 (Waldorf 1976 ; Nentwig 1982) ,
and spiders weighing more than 26 mg are common . Certainly there is no
inherent physical barrier to ballooning by more massive animals, which coul d
simply produce more ballooning silk (R . Buskirk and R. B. Suter, pers . comm .) .
Therefore, the lack of larger ballooners is probably due, at least in part, t o
reductions in ballooning tendency with increasing mass . Such reductions hav e
been documented by behavioral assays of ballooning in the lycosid genus Pardosa
(Richter 1970) . Variables selecting against ballooning by more massive animal s
might include enhanced visibility to aerial predators, decreased lift, and increase d
risk of injury on landing (Coyle et al . 1985) .

With few notable exceptions (Glick 1939 ; Glick and Noble 1961 ; Holzapfel and
Perkins 1969; Okuma and Kisimoto 1981), all aeronaut collections, includin g
those made in this study in Missouri, have been made from elevations less tha n
3.0 m, where ballooning spiders may be simply drifting back towards the groun d
following launching from a high take-off point . The ascent of spiders into the
upper air depends on convective updrafts and is affected not only by the velocity
of the updraft but also by the mass of the spider and by the drag of the sil k
thread and balloon . Unless updrafts are strong there will be a tendency for the
lighter mass classes to be better represented in the upper air compared with th e
surface due to differential settling rates . We will use a larger Trangie data set to
compare upper and lower elevation mass-frequency distributions in a futur e
publication (in preparation) .
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