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SUMMARY

(1) Parasitism by Anagrus delicatus Dozier of the eggs of its host, Prokelisia marginata
(Van Duzee) was examined experimentally in a north Florida salt marsh.

(2) By inducing planthopper oviposition into equal-sized sections of two leaves per
potted plant, we controlled for variation in host-insect age, host-plant quality, number of
hosts per patch and physical area (size) of patches. Potted plants were placed in the field
and exposed to naturally occurring parasitoids for 72 h. The experiment was repeated
twenty times over a 10-month period to account for seasonal or other environmental
variation.

(3) Spatially, parasitism by A. delicatus was independent of host density for all
experimental trials. Through time, a slight inverse relationship between parasitism rate
and density was apparent; higher overall host densities tended to have lower parasitism
rates.

(4) These experimental results correspond to previous, observational findings for this
system (Stiling & Strong 1982; Strong 1989).

(5) Parasitoids disperse from host clutches after laying only a small fraction of their
eggs, and this behaviour appears to play an important role in producing the observed
density-independent patterns of parasitism.

INTRODUCTION

Theory based on optimal foraging or host-parasitoid interactions predicts that spatial
density dependence (a positive correlation between parasitism and host density in any
given patch) should be a common feature in both natural and agricultural systems. This
view holds that spatially density-dependent host mortality imposed by aggregating
parasitoids is the key to stable host-parasitoid coexistence for insects with discrete
generations (Beddington, Free & Lawton 1978; Hassell 1987). On the other hand, in the
continuous time framework of overlapping generations, spatially density-dependent
mortality of hosts often destabilizes the relationship (Murdoch & Stuart-Oaten 1989).
Currently available empirical information does not resolve the issue, showing, at best,
inconsistency in spatial relationships between parasitism and host density. Approxi-
mately 50% of studies have found parasitism to be independent of host density. Inverse
density dependence and direct density dependence were found in equal proportions in the
remainder of the studies (Stiling 1987; Walde & Murdoch 1988).
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Few studies to date of these spatial relationships are experimental, however, and both
temporal and environmental factors may obscure the true response of parasitism to host
density (Hassell 1985). Here, we use field experiments that manipulate insect host
numbers. Experimental manipulation of host density has the advantage over passive
observation that host age, numbers of hosts per patch, patch size, plant quality and
exposure time are controlled. Brief bouts of parasitic activity are studied. These bouts are
well within the generation time of the parasitoids and rule out delayed density dependence
resulting from numerical response between generations. Because previous data from the
Prokelisia—Anagrus system suggest great temporal variability in parasitism rate (Strong
1989), we replicated the experiment twenty times over a 10-month period.

NATURAL HISTORY OF HOST AND PARASITOID

The host insects are Prokelisia marginata (Van Duzee) Wilson and its newly discovered
sibling species P. dolus Wilson, found in sympatry in salt marshes along the Atlantic and
Gulf coasts of the United States (Denno & Grissell 1979; McCoy & Rey 1981; Denno et al.
1987; A. E. Throckmorton et al., unpublished). Both planthoppers are monophagous and
feed and oviposit on the salt-marsh cord grass, Spartina alterniflora Loisel. The two host
species differ in distribution in the salt-marsh; P. dolus favours backmarshes and P.
marginata the seaside (Denno et al. 1987; J. T. Cronin, unpublished). In the egg stage, the
two host species are indistinguishable with respect to development, morphology and
distribution on the host-plant (J. T. Cronin, unpublished). In north Florida, all
planthopper life stages of both species can be found all year round (A. E. Throckmorton
et al., unpublished). Host adult females lay eggs in concentrated patches, inserting them
into the adaxial side of cord grass leaves. In nature, host egg patches vary in size from a
few to several hundred eggs and in extent from a fraction of a square centimetre to several
square centimetres of cord-grass leaf (J. T. Cronin & D. R. Strong, unpublished).

A fairyfly, Anagrus delicatus, attacks and develops fully within the egg stages of both
Prokelisia species and shows no tendency to distinguish between the two (J. T. Cronin &
D. R. Strong, unpublished). Parasitism in the field is quite variable, both spatially and
temporally, and ranges from 0 to 100% (Stiling & Strong 1982; Strong 1989; Cronin &
Strong 1990).

METHODS

Experimental design and procedure

We examined the relationship between host density and parasitism rate experimentally
by exposing hosts of uniform age to natural populations of searching parasitoids. Adult
planthoppers were collected with a sweep net from cord grass in the salt-marshes at Oyster
Bay, Wakulla Co., Florida, U.S.A. Planthoppers were transported on ice to the lab and
sorted by sex. Ten females were confined individually in clip cages on leaves of potted cord
grass. Clip cages were made of 18-mm diameter acetate tubing 40-mm long and notched at
each end. The tubes were threaded over individual leaves, positioned at the leaf base and
capped at each end such that the adaxial leaf surface was available to the planthoppers.
Planthoppers were unrestricted in their feeding and oviposition within the confines of the
cage for a 48-h period. This procedure produced an even-aged cohort of eggs (hereafter
referred to as a ‘host clutch’) with an average density (41 S.E.) of 49-8 4+ 2-6 eggs (range
1-186, n=362) per experimental leaf. These experimental densities fall well within the
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TABLE 1. The relationship between host density and parasitism among plants and
leaves for twenty experiments replicated over a 10-month period from July 1988 to
April 1989. Parasitism data were arcsine transformed, and densities were log
transformed prior to analysis. Statistical significance set at P=0-05 and judged by
weighted least-squares regression (Reeve & Murdoch 1985). (+) refers to significant
density-dependent relationships, and (—) refers to inverse density dependence. ‘%
significant’ is the percentage of studies showing some form of density dependence

Plants Leaves

-+ -+

Significant 1 1 0 0
Not significant 18 20

% significant 10% 0%

natural range found on plants in the salt-marsh (Stiling & Strong 1982; Strong 1989).
Host clutches were set up on two leaves per potted cord-grass culm for a total of ten plants
per experiment (a total of twenty clutches).

Experimental plants were then placed at relatively higher elevation away from the shore
at Oyster Bay, where tidal effects and the action of waves are minimal. The pots were sunk
flush in the marsh soil in a line transect within a pure stand of cord grass, each separated
from the next by a distance of 2 m. After 72 h of exposure to parasitoids, the plants were
returned to the lab and allowed to incubate for an additional 3 days before each clutch was
dissected. Dissected resolved unambiguously all parasitized eggs. Numbers of hosts and
parasitized eggs were recorded.

This experimental procedure was repeated on twenty separate occasions starting in
mid-July 1988 and ending in mid-April 1989 (12, 19, 26 July; 23 August; 7, 21 October; 4,
11, 18 November; 14 December; 11, 24 January; 13, 20 February; 3, 6, 12 March; 1, 4, 10
April). Intervals between replicate experiments were set by the availability of plant-
hoppers. As a control for site differences, the same line transect was used throughout.

Statistical analysis

Parasitism data were converted into a normally distributed variable by the angular
transformation (Sokal & Rohlf 1981). Because host density ranged over several orders of
magnitude, all densities were log transformed prior to statistical analysis. Weighted least-
squares regressions were used for each experimental replicate to determine whether a
relationship existed between host density and parasitism (Reeve & Murdoch 1985).
Parasitism data were weighted by the inverse of the expected variance, 1/4n, from an
angular distribution (where n=the host density in that sample) (Sokal & Rohlf 1981).

RESULTS

Parasitism rate within the experimentally placed clutches on individual leaves ranged
from 0 to over 50% during the course of the twenty experiments. Among replicate
experiments, the mean rate of parasitism averaged 7-0 + 1-6% (range, 1-:0-26:0%, n=20).
At the scale of ‘among individual leaves,” parasitism was not found to be related to host
density in any replicates (Table 1, Fig. 1). Among plants, however, two out of twenty
replicates showed a significant relationship between host density and parasitism. In
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Fi1G. 1. Frequency distribution of slopes from twenty experimental trials for (a) among leaves and
(b) among plants. Significantly non-zero slopes are represented by filled bars (P <0-05).
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F1G. 2. The relationship between total host density per replicate experiment and percentage
parasitism. Numbers represent data points for that replicate experiment (July 1988-April 1989).
Line fit by least-squares regression (parasitism =38-70 — 6-78 [host density]).



