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ABSTRACT

RADIONUCLIDE TRACER ANALYSIS OF TROPHIC
RELATIONSHIPS IN AN OLD-FIELD ECOSYSTEM'

DonaLD . SHURE2

Department of Zoology, Rutgers University
New Brunswick, New Jersey

TaBLE oF CONTENTS

Wild radish (Raphanus raphanistrum) and ragweed (Ambrosia artemisiifolia), the
dominant producers during initial succession in an old field, were labeled with 32P in several
trophic-transfer studies. Feeding relationships were determined by correlating the population
dynamics and 32P uptake by consumer species with the phenological changes in producer
components and isotope distribution in plant tissues. The relative magnitude of consumer
pathways was estimated by using trophic-transfer indices.

The first year of old-field succession was characterized by rapid phenological changes in
plant-organ availability with related shifts in consumer trophic relationships. The food web
of wild radish, the early summer dominant producer, changed rapidly over time resulting
in successive pulses of leaf, pollen, and seed feeders. Grasshoppers were the major leaf
feeders. Aphids consumed internal juices within stems while flea beetles were concentrated
and feeding solely on nutrient-rich seed tissue. Leafhoppers and tarnished plant bugs also
consumed internal Auids during wild radish development. The high densities and consumption
by plant bugs and aphids, the major consumers of wild radish, resulted in a low food-web
diversity for wild radish. Predator-prey relationships during early summer were governed
mainly by the aphid infestation. Young ragweed plants and the litter and seed crop of wild
radish were major food-web bases in midsummer. Generalized herbivores such as grass-
hoppers and crickets utilized radish seeds and ragweed tissue during this period. A second
phase of specialized feeders entered the old field as ragweed became available. Food-web
diversity was highest at this time when many species were present and at low densities.

Ragweed was the dominant producer late in the growing season. Some herbivores utilized
ragweed leaves while several species of plant bugs became abundant and were consuming
the nutrient-rich fluids being channeled into pollen tissite. Plant bugs were the major rag-
weed herbivores. The importance of these plant bugs resulted in a decline in food-web
diversity near the end of the growing season. Most consumers decreased in numbers and
2P activity as ragweed died back in September. Ragweed litter, hawever, supported crickets
and other components of the detrital food web over the fall season.

Wild radish and ragweed were the major food-web bases during the first year of suc-
ceation. Over 90% of the arthropods sampled in the old field were fooad-web components of
these producers, Many of these consumers were specialists and sucking forms which peaked
in density and 32P activity as nutrient-rich fluids were entering their specific food sources.
The synchronal occurrence of consumer population peaks and successive nutrient pulses in
host-plant organs thus appears to maximize the energy utilization by these consumers while
minimizing interspecific competition for sites of trophic transfer.

Lirtle faliar damage was evident for wild radish or ragweed because of the importance
of herbivores with sucking mouthparts. Tracer studies were thus critical in evaluating the
role of both producers as food-web bases. The similarity of results in two replicate studies

' Received August 1, 1971; accepted March 7, 1972

* Present

address: Department of Bialogy, Emory University, Atlants, Ga. 30322,



DONALD J. SHURE

Ecological Monographs
Vol. 4%, No. |

confirmed the repeatability and accuracy of tracer techniques for trophic-transfer analysis.
However, temporal aspects of food-web structure should be considered in future studies
where rapid changes in plant phenology are present.

INTRODUCTION

Early studies of energy flow in ecosystems were
often based on assumptions concerning food sources
and gross estimates of energy transfer between
trophic levels. Radionuclide tracers, however, have
enabled more accurate determination of food-chain
components and show great promise for future
energy-flow estimations (Qdum and Golley 1963).
The basic technique involves labeling a food source
in the field and then following the fate of the label
through consumer trophic levels.

Several goals have been reached through the de-
velopment of tracer techniques for ecosystem anal-
ysis. Initially, Pendleton and Grundmann (1954)
determined insect-plant relationships of the thistle
(Cirsium undulatum) by using 3P as a tracer.
Odum and Kuenzler (1963) used 2P to analyze
food chains frem major producers in an old-field
ecosystem. They identified the trophic positions of
consumer species by changes in their activity-density
(cpm/mg body tissue) levels. Consumers of higher
trophic levels penerally showed slower uptake rates
of 32P than did herbivore species. Trophic rela-
tionships have also been studied in aquatic en-
vironments (Whittaker 1961, Ball and Hooper
1963} by introducing 2!P in water and following
its uptake by biotic components, Next, Marples
(1966) worked out the prazing vs. detritus food
chains in a salt marsh by separately labeling both
living and dead Sparfina. Wiegert, Odum, and
Schnell (1967) labeled concurrently the two major
producers jn. an old field and determined the relative
utilization of each by resident consumer species.
Their use of trophic-transfer indices represented a
new attempt to provide relative estimates of food
consumption. Two additional outgrowths from their
study were the isolation of an unsuspected producer-
aphid-ant food chain (de la Cruz and Wiegert 1967)
and the initial focusing on food-web diversity in
nature by using radionuclide tracer methods (Wie-
gert and Odum 1969). Other tracer studies have
included a long-term investigation of 177Cs ¢yeling
through food chains in a Liriodendron forest
{ Averbach, Olson, and Waller 1964, Reichle and
Crossley 1965, 1969, Waller and Olson 1967),
analysis of the trophic dynamics of natural isopod
populations (Paris and Sikora 19635, 1967), and a
study of the arthropod consumers in a tagged corn-
field {Rose, Monk, and Wiegert 1969}.

Plant species tagged in past tracer studies were
only labeled on single occasions. Little emphasis was
placed on replicate studies or possible temporal

changes in the trophic relationships that were re-
ported. Marples (1966), however, labeled Spartina
twice during a single growing season, but made only
a few temporal comparisons. Paris and Sikora
(1965, 1967) tagged plant species during two
successive summers jn preliminary and confirming
studies on the food sources of Armadillidium wvul-
gare. The passible variability associated with tracer
studies has remained largely untested, leaving some
doubt about their accuracy.

Several objectives were included in the present
radiotracer experiments. The basic objective was
to determine the food-web components of dominant
producers during early old-field succession on the
New Jersey Piedmont and to obtain some measure
of their trophic transfer. Successional changes in
trophic structure of the community were thus fol-
lowed throughout the initial growing season. Addi-
tional objectives included comparing the trophic
transfer from a dominant producer in replicate plots,
during two successive summers, and at different
stages of its development. This permitted analysis
of the variability in results when considering either
replication or temporal aspects of trophic transfer.

METHODS

Study area

The study was conducted in a 3-acre field adjacent
to Hutcheson Memorial Forest in East Millstone,
New Jersey. The field is on the Piedmont Plateau
of New JIersey and is underlain with Triassic red
shale of Brunswick Formation (Kiimmel 1940).
Soil type was primarily silt loam 18-24 inches deep
(Ugolini 1964). The field was bordered by a
mature oak forest on the south, sycamore {Platanus
occidentalis) and shrub growth on the north, and
by early old fields en the east and west. The patterns
of plant (Bard 1952) and small mammal (Pearson
1959, Root and Pearson 1964) succession in the
immediate area have been previously reported.

The study area had been planted with orchard
prass (Dactylus glomerata) from 1962 until 1967
when the research was initiated. The entire 3-acre
field was deeply plowed and disced twice during
April 1967 and was then subdivided into four sub-
plots, twe of which were sprayed on May 5 with
an organcphosphate insecticide. The effects of the
insecticide treatment on the succession that fol-
lowed have been reported elsewhere (Shure 1971).
The field was again plowed, disced, and treated in
the spring of 1968 to repeat the initial year of
old-field succession,



