
DE-AI09-00SR22188          JOURNAL ARTICLE          00-01-P            
Am. Midl. Nat. 143:22&238

2001
The Contribution of Microarthropods to Aboveground Food

60 Wfebs:  A Review and Model of Bellowground Transfer in a
Coniferous Forest

JOHN M. JOHNSTON’
U.S. ERA, Ofjke of Research and Development, Ecosystems Research Division, 960 College Station Rd.,

Athens, Georgia 30605

ABSTRACT.--Although  belowground food webs have received much attention, studies con-
cerning microarthropods in nondetrital food webs are scarce. Because adult oribatid mites
often number between 250,000-500,000/m*  in coniferous forests, microarthropods are a
potential food resource for macroarthropod and vertebrate predators of the forest floor.
Although the contribution of microarthropods to aboveground food webs has received little
attention, sufficient data concerning macroarthropods and vertebrate predators were avail-
absle  at the Savannah River Site (SW,  Aiken, South Carolina) to construct a food web model
of the various trophic interactions. To supplement this analysis, literature of microarthropod
predation by arthropods and vertebrates was reviewed. This information was incorporated
with the existing data to produce a model for taxa occurring in coniferous forests at the
SRS. Because of the diversity and natural history of microarthropod predators, both verte-
brate and invertebrate, the resulting web is quite connected and includes transfers to many
trophic levels. The diets of arthropods and vertebrates are variable; yet feeding patterns
reflect the relative abundance of prey at a place and time. Also, many predators feed on
members of their own group. These factors suggest that belowground transfers are deserved
of more attention in these and other forest food webs where substantial numbers of detritus
feeding invertebrates inhabit the soil/litter interface and are available as prey items. More-
over, this model can he generalized to describe the dynamics of arthropod and vertebrate
communities in other coniferous forests. The functioning of terrestrial ecosystems is depen-
dent upon the interrelationships between aboveground and belowground food webs, and
transfers of biotic components of the decomposer slubsystem to aboveground consumers
connect the two subsystems. It is hoped that those consumers traditionally associated with
foliage-based food webs be reconsidered, as they may be gaining a proportion of their nu-
triltion from organisms in the detrital pathway.

In forest ecosystems, as in most ecosystems, most net primary productivity flows into the
detritall pathway (Coleman and Crossley, 1996). The proportion of flow into the detrital
pathway is particularly large in coniferous forests (Knight,  1991). Detrital food webs and
their trophic interactions have been studied in various systems and models have been pro-
posed that demonstrate the functional role of various soil invertebrates in patterns of nu-
trient cycling and decomposition dynamics (Crossley, 1977; Hunt et al., 198’7; Moore et nZ.,
1988; lngham et aZ.,  1989; Wardle and Yeates, 1993). Fungi and bacteria form the basal
consumer trophic level of these food webs and are responsible for the majority of chemical
breakdown of plant material across a range of ecosysl.ems.  Knight (1991) suggested that, in
addition to their role in decomposition in coniferous forests, fungi are also an important
food source for invertebrates and vertebrates not associated with the belowground system.
As a consequence, energy and materials in the detrital pathway are still accessible to above-
ground food webs through the production of sporocarps.
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LITERATUREREVIEWANDSURVEY

ition to the general ecology and soil biology literature, volumes of Herpetalogica
si ‘(Vol. 1-51, spanning 1936-1995) and the Journal of He$etology (Vol. l-29,1968-1995) were

reviewed for diets of reptile and amphibian species that include these microarthropods.
Authors that listed “mites” as a group were included, as oribatids are typically the most
abundant constituents of this group. Burton (1976) separated oribatid and nonoribatid prey
when enumerating gut contents of salamanders, and oribatids were more numerous in every
instance. Records where acarids were lumped under the larger classification of “arachnids”

j  were not included.
Several researchers at the SRS provided information from their research. Jim Hanula

(U.S. Forest Service) maintained an extensive macroarthropod pitfall trapping experiment
on a range of forest types and successional ages. This trapping, in addition to funnel and
flight intercept traps on trees, was implemented to study the abundances and seasonal
dynamics of possible food items of the red-cockaded woodpecker (Hanula and Franzreb,
1995). Michael Draney (Savannah River Ecology Laboratory, SREL) has been working with
the Araneae at the SRS for a number of years and contributed information concerning
natural history and significance of roving and soil-dwelling spiders in this system.

ARTHROPOD PREDATORS OFMICROARTHROPODS

Mesostigmatid. mites (gachnida,  Atari)  are known to be predators of both Collembola
and oribatids (Eisenbeis and Wichard, 1987). Pseudoscorpions (Arachnida, Pseudoscorpi-
ones) also prey on the microarthopods in general. Their diet consists of Collembola, mites
and nematodes (Eisenbeis and Wichard, 1987). Doubletails (Insecta, Diplura) consume the
smallest soil arthropods (Eisenbeis and Wichard, 1987), though the japygids mainly prey
on Collembola (Simon, 1964). Dermaptera (earwigs) are also predators of both of these
microarthropods (Gunther and Herter, 1974).

As generalist predators, spiders (Arachnida, Araneae) also feed on microarthropod pop
ulations (Wise, 1993). Roving wolf spiders (Lycosidae) are predators of the soil community,
and Collembola are one of the main prey groups (Nentwig, 1987). Certain groups are
considered soil dwellers: purse-web spiders (Atypidae), sack spiders (Clubionidae) , tube
spiders (Agelenidae), soil spiders (Hahniidae) and dwarf spiders (Micryphantidae). These
groups, and others, are likely to feed on microarthropods, though there are apparently no
published accounts to corroborate this. The relatively small bodied litter dwelling Linyphi-
idae are often abundant in the temperate zone and include mites and springtails in their
diet (Sunderland et aZ., 1986). Sunderland et al. (1986) found that Collembola accounted
for 99%  of the number of prey caught in their study.

Another arachnid group, harvestmen (Arachnida, Opiliones), catch mites and Collem-
bola (among other prey) on the forest floor (Eisenbeis and Wichard, 1987). Martens (1978)
recorded Sire duricoriw and S. rubm burrowing into the soil, sometimes to a depth of 1
m, preying on mites and Collembola. Centipedes (Myriapoda, Chilopoda), such as Lithobius
spp., prey mostly on small insects. It is likely that these include mites and collembolans
(Eisenbeis and Wichard, 1987).

Many beetles (Insecta, Coleoptera) have specific adaptations for capturing microfauna.
Some carabids have evolved a successful visual hunting strategy for fast moving prey like
Collembola (Bauer, 1981; 1982a; 1985a). Lorima  piilicornis  and two species of Leistus use
modified seta to enclose a springtail during an attack. These traps are constructed from
enlarged seta on the antennae and ventral surfaces of the head (Bauer, 1982b; Bauer, 198513;
Hintzpeter and Bauer, 1986). Larvae of the Scydmaenidae (ant beetles) resemble woodlice
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