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BARBARA FOSTER REYNOLDS
Effects of Canopy Herbivores on Soil Systems along an Elevation Gradient
(Under the direction of MARK D. HUNTER)

Previous studies have suggested that herbivory in forest canopies can influence
forest floor processes such as nutrient cycling and decomposition. We studied the
combined effects of elevation and herbivore inputs on soil processes and the
invertebrates which contribute to these processes along an elevation gradient from 800 to
1300m at the Coweeta Hydrologic Laboratory, North Carolina. Litterbags containing
combined litter from Quercus rubra L. and Acer rubrum L. were placed at three
elevations along the gradient and sampled monthly for two years. Microarthropods were
extracted and sorted; litter was weighed to determine mass loss. Total microarthropod
abundance and the relative abundance of Collembola and three suborders of mites
( Oribatida, Mesostigmata and Prostigmata) were compared across the gradient. Mass
loss was greater at the middle and high elevation sites in both years and was correlated
with increased numbers of oribatid mites per gram of litter. The abundance of all
microarthropods (of which oribatids were the most common) was also greater on the
middle and high elevation sites and greater on two-year-old litter than on one-year-old
litter. Experimental additions of frass to plots on the low and middle elevation sites led
to an increase in Collembola abundance in litterbags from those plots. Plots with frass
and artificial throughfall additions also showed increased numbers of fungal feeding and
bacterial feeding nematodes in some months. Effects on soil processes from
experimental additions of throughfall include reduced soil respiration and decreased
NO;-N in soil solutions. Precipitation and soil temperature had strong influences on soil
respiration, but both factors showed a significant interaction with elevation. An outbreak
of sawflies (Periclista sp. (Hymenoptera:Symphyta), occurred at our high elevation site
in the third year of our study. Defoliation of Quercus rubra and Quercus alba was

estimated at 40% leaf area removed. Weights of insect frass collected on the high site



were greater than those from the low elevation control. Increased concentrations of NO;-
N were measured in soil solutions and the stream draining the outbreak site. Results from
these studies suggest direct links among canopy herbivory. forest floor biota, and soil

processes.

Key Words: Canopy herbivores, Collembola, Coweeta Hydrologic Laboratory,
Elevation gradient, Frass, Herbivory, Litter decomposition, Mass
loss, Microarthropods, Mites, Nematodes, Nutrient cycling, Soil

respiration, Throughfall



CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

Ecological research in the forest canopy has become an essential component of
ecosystem ecology. The importance of the canopy as the interface between the
atmosphere and the forest, and as the site of most photosynthesis in the forest, is widely
recognized (Parker 1989). As access techniques for canopy studies have improved,
research has expanded from descriptive to more quantitative studies, such as those on
amounts of insect herbivory (Lowman and Wittman 1996, Reynolds and Crossley 1995,
Reynolds and Crossley 1997). Insect herbivory in the canopy can have a major impact not
only on the canopy itself, by removal of leaf tissue, but on forest floor processes such as
decomposition and nutrient cycling, due to inputs from canopy herbivores (Schowalter et
al. 1991, Reynolds et al. 2000). However, investigation of these links between the
canopy and the forest floor is in its infancy (Lowman and Wittman 1996). Specifically,
more research is needed on factors that influence the fate of nutrients which reach the
forest floor as a result of herbivory (Lowman 1999).

In contrast with canopy research, investigations of vital processes taking place on
the forest floor have been carried out for many years (Swift et al. 1979). The three
processes of decomposition, soil respiration and nutrient cycling are of the utmost
importance in understanding soil systems because they “...are integrating variables. They
are generalized measurements of the functional properties of ecosystems, and they
summarize the combined actions of soil microflora, fauna, abiotic variables and resource
quality factors “ (Coleman and Crossley 1996, p. 139) . Decomposition plays an integral
role in the functions of ecosystems (Olson 1963, Odum 1969) and is now given equal



status to photosynthesis (Heal et al. 1997) . The reason decomposition is so important is
that, in most terrestrial ecosystems, the majority of net primary productivity enters the
decomposition compartment as piant litter (Wardle and Lavelle 1997). Although
decomposition rates vary as a function of temperature, moisture, chemical composition
of the litter (Schlesinger 1991) and the nutrient status of the soil (Verhoeven and Toth
1995), soil biota play an integral role in the decomposition process (Seastedt 1984,
Moore, Walter and Hunt 1988, Wall and Moore 1999). Initial decomposition of organic
material is performed primarily by microbes (Petersen and Luxton 1982). After the
material is colonized by bacteria and fungi, invertebrates such as arthropods physically
break down the litter (comminute) and improve the abilities of microfauna (such as
microarthropods and nematodes) to further comminute the litter (Hansen 1997), feed on
the microbes, and increase the cycling of nutrients (Lussenhop 1992, Yeates 1998, Wall
and Moore 1999, Ettema 1998). Given the importance of soil invertebrates in nutrient
cvcling and decomposition, any significant effects from canopy herbivory on soil
invertebrates should have an indirect effect on the processes of nutrient cycling and
decomposition.

Decomposition is frequently measured using litter bags containing known
amounts of litter (Crossley and Hogland 1962). A set of litter bags can be sampled over
time and the weight loss which is measured serves as an index of decomposition. The
litter bag technique has limitations, such as ignoring the fate of material leaving the bag,
different microclimatic conditions within the bags compared to outside the bags, using
fewer species of litter than occur together naturally, and excluding certain fauna.
However, litter bags can be a very useful tool in decomposition studies as long as these
limitations are recognized and other, more sensitive measurements, such as respiration

and mineralization, are made (Heal et al. 1997).
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Carbon dioxide fluxes from the soil and litter on the soil surface are an important
component of the global terrestrial carbon cycle. Measurements in the field of CO,
fluxes provide an estimate of the total respiration in the soil, which includes
contributions of respiration from organic matter decomposition, soil fauna, and root
respiration. Most of the production of CO, occurs in the surface litter where
decomposition takes place quickly and a large proportion of the fine root biomass is
found (Schlesinger 1991).

Plants obtain many of the nutrients necessary for growth from the recycling of
nutrients within the soil. Nutrient cycling in the soil is closely allied with
decomposition, since most of the annual nutrient requirements of terrestrial plants come
from the decomposition of organic matter in the soil (Schlesinger 1991). A useful
procedure for measuring availability of soil nutrients to plants is the resin bag technique
(Binkley 1984, Binkley et al. 1986). Bags containing positively and negatively charged
resins are placed in the soil, where they take up anions and cations, respectively.
Extracts of these resins can then be analyzed for such vital nutrients as PO,/*-P, NO;-N
and NH,"-N.

Although there is a growing body of literature which describes the effects of
above-ground herbivory in non-forested systems on soil organisms and soil food webs
(Bardgett et al. 1998), there have been very few studies conducted on the links between
canopy herbivory in forests and soil ecosystems. Canopy arthropods, as they consume
leaves, can play a significant role as regulators of nutrient cycling in forest ecosystems.
Chew (1974) and Mattson and Addy (1975) were among the first investigators to point
out the potential importance of canopy arthropods as regulators of ecosystem processes.
The significant role of these insects in forest nutrient cycling has been difficult to
demonstrate, since natural outbreaks of canopy herbivores are hard to predict and,

therefore, present difficulties in obtaining background data. However, Schowalter et al.



(1991) demonstrated a positive influence mediated by throughfall leaching and litterfall
of defoliating moth larvae on young Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
by manipulating numbers of larvae on young trees. Webb et al. (1995) and Eshleman et
al. (1998) measured increased NO;-N in streams draining forested watersheds previously
defoliated by gypsy moth caterpillars (Lymantria dispar). Swank et al. (1981) provided
strong evidence for the influence of native forest defoliators on an ecosystem- level
process - in this case, an increase in stream NO"; compared to a control watershed
following an outbreak of the fall cankerworm (A4/sophila pometaria (Harris)). However,
none of these studies examined what happened in the soil in response to canopy inputs.

Our studies have focused on influences of canopy herbivory on soil ecosystems.
Because our studies were conducted in a mountainous area, we had to consider the
question of spatial variation along an elevation gradient as a potential variable in our
results (Hunter and Price 1992, Kareiva 1994). Variation in plant secondary compounds,
which can affect herbivory, has been correlated with elevation differences (Louda and
Rodman 1983). Earlier research at our study site has documented differences in canopy
arthropod density and canopy herbivory along the same elevation gradient (Reynolds and
Crossley 1997). If canopy herbivores have a significant impact on soil processes, we
need to take spatial variation into account.

The purpose of our study was to investigate the effects of inputs from canopy
herbivores on forest floor biota and processes along an elevation gradient. Inputs from
canopy herbivores include frass (excreta), throughfall (precipitation which has fallen
through the canopy and been modified by the activity of canopy herbivores), and
greenfall (portions of green leaves that fall due to insect herbivory). Insect frass and
throughfall are known to contain nutrients that could stimulate nutrient cycling and
decomposition (Schowalter et al. 1991, Lovett and Ruesink 1995, Eshleman et al. 1998,
Reynolds et al. 2000). Greenfall is also nutrient-rich and has been proposed as an



important source of nitrogen during the growing season for forest floor processes (Risley
and Crossley 1988 and 1992).

The soil biota we examined in this study were the nematodes and the following
microarthropods: Collembola, oribatid, prostigmatid and mesostigmatid mites.
Nematodes are one of the most nuOmerous taxa of multicellular organisms. In soils, they
live in aqueous pore spaces (Coleman and Crossley 1996). Nematode feeding habits are
quite diverse; differences in their mouthparts can be used to divide them among basic
trophic groups: bacterial feeders, fungal feeders, plant feeders, predators and omnivores.
Nematode feeding activity and interactions with other soil biota have often resulted in
increased nutrient cycling (Yeates and Coleman 1982).

Collembola are very abundant in soil and leaf litter, where they commonly feed
on fungal hyphae (even fungi on fecal pellets) or decaying plant material. Thus they are
important participants in decomposition and soil respiration, since grazing on fungi often
results in increased hyphal growth and fungal respiration (Hopkin 1997). Collembola
also have the potential for rapid population growth (Coleman and Crossley 1996), so
their populations can respond quickly to changes in resources.

There are four suborders of mites (Acari) commonly found in soils: the Oribatida,
Prostigmata, Mesostigmata and Astigmata. However, the Astigmata are rare in forest
soils (Coleman and Crossley 1996). Oribatid mites are the most speciose and
numerically dominant group of arthropods in forest soil and litter. In a small area near
our high elevation site, 170 species of adult oribatids have been identified from litter
and soil (Hansen 2000). They are active participants in decomposition, nutrient cycling
and soil formation. Oribatid mites can feed on living and dead plant and fungal matter,
algae and nematodes, but most are fungal feeders. However, there is a group of oribatids
whose juveniles are endophagous. That is, they burrow in woody microhabitats such as

twigs, branches, and petioles of leaves. Representatives of this group were fairly



common in litter from near our study site (Hansen 2000) and appear to have had a
significant impact on decomposition of oak leaves (Hansen 1999). Oribatids are also
noteworthy in their dispersal of bacteria and fungi, either on their external surfaces or
through feeding behavior. They are also known to stlimulate dormant microorganisms
through their grazing, making them important as catalysts in decomposition and nutrient
cycling (Behan-Pelletier and Walter 2000). Oribatids are unusual compared to other
microarthropods in their reproductive behavior: not only do they have only one or two
generations per year, but the females lay few eggs (Coleman and Crossley 1996).

The Prostigmata are often predators, but some families contain fungivorous mites
which may reproduce quickly following a change in resources. Some of the larger
predaceous Prostigmata feed on collembolans and their eggs, while smaller predaceous
Prostigmata may specialize on nematodes (Coleman and Crossley 1996). The
Mesostigmata have fewer species than the Oribatida or Prostigmata. Most soil species
are predators, although a few feed on fungus. Similar to prostig mites, the larger
mesostigmatid mites usually feed on small arthropods or their eggs, but the smaller
species feed primarily on nematodes (Coleman and Crossley 1996).

We measured the response of three important soil processes to inputs from
canopy herbivores. These processes were: decomposition, nutrient cycling, and soil
respiration. By measuring the litter breakdown rate (decomposition) of the same species
of litter along the elevation gradient, we could measure variation among the different
elevations due to our treatments and elevation effects. The use of litter bags for the
decomposition study, although acknowledged to have certain limitations (Heal et al.
1997), also enabled us to sample soil fauna. Nutrient cycling was monitored by
measuring ion concentrations in extracts from anion and cation resin bags placed in the
A horizon of the soil (Binkley 1984, Binkley et al. 1986). These measurements provided

an index of nutrients available in soil solutions, that we could compare across sites. As a






