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ABSTRACT

The impact of grazing animals on oviposition behaviour of ragwort flea
beetle (RFB) (Longitarsus jacobaeae) was investigated in two field
experiments. In the first trial manually ‘damaged’ ragwort plants were
exposed for 5 days to RFB. In the second trial, ragwort plants grown in
sheep and cattle-grazed pasture were collected both in April and May
1997 for the counting of eggs on plants and in the surrounding soil.
Removal of the majority of ragwort leaves reduced egg numbers/plant
whereas damage to leaves did not. Similarly, ragwort from sheep-grazed
pastures, which was smaller than ragwort from cattle-grazed pastures,
had fewer eggs/plant but a similar number/g fresh weight of ragwort.
Highlocal humidity under rosette ragwort plantsis suggested asthecritical
factor determining oviposition behaviour of RFB.

Keywords: Longitarsus jacobaceae, ragwort flea beetle, ragwort,
oviposition.

INTRODUCTION

The process of competition is one where the presence of one species lowers the
availability of the resources for the other. Competing species may also indirectly affect
each other’s reproductive capacity (Wood & Lee 1970). Competition is most intense
when thereisafinitefood source, such aswith ragwort in grazed pastures. Ragwort flea
beetle (RFB), aspecialised insect which consumes and oviposits solely on ragwort plants,
competes with sheep which also eat ragwort (Betteridge et al. 1994).

Little is known about the effects of stock grazing on the egg laying behaviour of RFB.
Sutherland et d. (2000) reported that approximately 90% of aflock of Romney sheep readily
consumed ragwort, often removing al leaveswithin 24 hours, evenwhen pasturewasplentiful.
Sheep favour the rosette ragwort plant form, which isa so preferred by adult RFB (M cEvoy
et d. 1991; Windig 1993). Grazing by sheep reduces the size and number of ragwort plants
(Betteridge et al. 1994) whereas cattle, which avoid ragwort, allow ragwort cover toincrease
(Amor et al. 1983). Plant damage by cattleismorelikely to be dueto trampling than grazing.

We studied RFB oviposition behaviour through the distribution of RFB eggs under
both simulated and actual livestock grazing. These treatments may destroy eggsdirectly
and alter the proportion of plantsthat are suited to oviposition.

METHODS
Plant damage and canopy removal (Trial 1)
Thistria measured the effects of artificial damage to ragwort on oviposition density by
RFB. Thetrial was conducted in agrasslawn at the Crop & Food Research Centre, Levin.
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Inwinter 1995, ragwort seedswere sown in 5 litre polythene pots, in astandard potting
medium (2:1:1 ratio by volume of bark, pumice and peatmoss). Plants were established
in an insect-proof glasshouse and used in April 1996 when they were at the mature
rosette stage. Five replicate groups of nine plants, based on plant size and shape, were
formed. Threeindividual plants within each replicate were randomly assigned to one of
three treatments. Treatment 1 consisted of plants that had been damaged by stabbing
leaves with a wire brush, leaving holes in over 50% of the leaf surface to simulate
damage by stock movement. This did not reduce the overall apparent leaf canopy size
and kept midribs intact. In Treatment 2, to simulate sheep grazing, the rosette canopies
were reduced to 25% of the original size by cutting leaves where the petiole joined the
stem. The control (Treatment 3) consisted of plants with undamaged leaves. The pots
containing the ragwort plantswere buried in the lawn such that the soil surfacein the pot
waslevel withinthelawn surface. Each replicate of nine plantswasarranged in arandom
sequence in a circular pattern, at a 1 m radius from a central point from which beetles
were released. The replicated plots were separated by adistance of 75 m to avoid beetle
dispersal between plots.

Twenty-five female and five male RFB were randomly allocated to each replicate on
3 April 1996. Beetles were released early in the morning, by placing an opened jar in
the centre of the circle of ragwort plants and alowing beetles to disperse naturally.
Plants were removed after 5 days and eggs were recovered and counted (see below).
Differences in egg number between treatments were assessed by analysis of variance
using theMinitab (12.0 version) statistical procedure. Natural logarithm transformations
of egg numbers/unit fresh weight of plant were used to homogenize variance.

Stock grazing effects (Trial 2)

In the second experiment sheep and cattle grazing was used to alter ragwort’s
morphology to study how plant form influenced ovipositioning rate of RFB. The study
was carried out at the AgResearch Research Station, Ballantrae. Three areas, each having
an established popul ation of RFB, were used asreplicates and were separated by at |east
300 m.

From late February 1997 until early May 1997, ragwort plants were studied within
two fenced 10 m x 20 m blockswithin each replicate, with each block assigned to one of
the grazing treatments. Sheep were stocked at an equivalent annual rate of 12 sheep
units/'ha, once every 2 weeks, and cattle were rotationally grazed in these blocks at a
similar stocking rate, every 20 to 25 days. In December 1996, 40 rosette plants (at |east
oneyear old) from abeetle-free areawere collected using a 100 mm diameter soil corer
and transplanted, with roots and soil intact, into each of the two blocks within each
replicate. Plantswere set out in several lineswith 0.5 m between plants. After plants had
been transplanted, blocks were sprayed with Orthene to remove resident RFB from
plots and sprayed twice with Dipel 0.5 g/litre Bacillus thuringienis var. Kurstaki over
early summer to minimise cinnabar moth damage on establishing plants. Therewasa 16
week establishment period with intermittent sheep and cattle grazing and full exposure
to reinvading RFB. This ensured that plants developed a different morphological form
before measurements commenced. RFB oviposition rates were determined on 8 April
and 23 May 1997.

Five random ragwort plants and their root systems were removed from each grazing
block within each replicate. A 130 mm diameter soil corer was used to collect the plant
and itsassociated soil. Plant height and diameter of the ground surface covered by leaves
(mean of two measurements taken at right angles across the rosette) were recorded.
Analysis of variance was used to compare numbers of eggslaid in thetwo stock grazing
treatments.

Egg collection

Plants recovered from the field were cut at ground level. Plant tops were wet sieved
sequentially through a series of sieves of mesh size 5.91 mm, 500 um and finally afine
cloth sieve of 250 um diameter; the latter sieve being too small for eggsto pass through.
The soil and roots, dispersed in warm water, were also washed over these sieves. Eggs
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fromtheleavesweretransferred to avial for counting. Eggsfrom the soil were extracted
from the residue using a salt flotation technique (Rohitha 1992) in which a saturated
magnesium sul phate (Mg,SO,) salt solution (specific gravity 1.22 at 20°C) was used to
float the eggs from the soil residues. The supernatant was decanted through the finest
sieve and eggs were retrieved for counting. All eggs were counted using a binocular
microscope (40X).

RESULTSAND DISCUSSION
In Tria 1, clipped plants were lighter than unclipped and control plants and had
significantly fewer eggs/g fresh weight (Table 1).

TABLE 1: Mean (xSE) ragwort fresh weight (leaves + roots) and egg count on
ragwort plants 5 days after RFB werereleased at a distance of 1 m.

Treatment Fresh weight (g) No. eggs/g fresh weight
Clipped 25 (1.6) 5 2.1
Damaged 109 (7.9) 49 (103
Control 97 (80 59 (9.0)

In the field trial (Trail 2), as expected, sheep-grazed ragwort was shorter and had a
smaller ground cover than cattle-grazed plants. The plants were smaller in May thanin
April, possibly because of grazing and trampling damage (Table 2).

TABLE 2: Mean (£SE) RFB egg count and ragwort plant dimensionsin sheep
and cattle-grazed pastures at two sampling dates.

Sampling date  Grazing Plant height Rosette ground No.
management (cm) cover (cm?) eggs/plant
8April 1997  Sheep 84 (1.0) 411 (107.1) 310 (7.5
Cattle 152 (1.2 697 (98.1) 77.0 (13.4)
29May 1997  Sheep 44  (0.4) 120 (44.7) 08 (0.2
Cattle 6.8 (0.9) 352 (8L.3) 1.8 (0.6)

While sheep-grazed ragwort plants had fewer eggs oviposited on them than the cattle
grazed plants, there was no difference between the numbers of eggs laid/cnm? of ground
cover between the two grazing managements (P>0.05). It is difficult to explain why
there were so few eggs recovered at the second sampling, as egg laying is known to
continue until September (B. Page, unpubl. data).

Zhang and M cEvoy (1995, 1996) showed that olfactory cueswerethe primary attractant
of RFB. They found that the RFB response did not change significantly when large
numbers of ragwort plants, or plants with different numbers of leaves, were presented.
In the present study, results showed that although small plants did attract RFB, they had
areduced number of eggslaid on, or near each plant. We suggest that this was because
the removal of the leaf canopy altered the micro-environment at the plant base (and
surrounding soil) wherefleabeetleslay most of their eggs. We measured rel ative humidity
under rosette and flowering ragwort plants using Tiny Tag dataloggers. Under amature
rosette, relative humidity was diurnally stable at 90-100%, compared to a diurnaly
unstable relative humidity of 40-100% at the base of aflowering plant (B. Page, unpubl.
data). One of the most critical times in the beetle’s life history is egg survival and the
immediate survival of the larvae after hatching. Keeping RFB eggs moistisvital to their
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survival as eggs desiccate and become non-viable below 85% relative humidity (Frick
& Johnson 1972; Delpachitra 1991). However, once larvae have entered the root crown
or petiole, humidity is unlikely to be of any further importance to the development of
the RFB larvae.

An understanding of the effects of stock grazing on numbers of eggs laid may be
useful to land managers. Grazing ragwort-infested pasture with sheep resultsin ragwort
control through reduction in plant size and density (Betteridge et al. 1994), however this
also reduces the number of ‘ideal’ oviposition sites for RFB, a form of indirect
competition. Ragwort often regenerates quickly after removal of sheep from the pasture,
and grazing at a low stocking rate often results in long-lived, multi-crowned ragwort
plants. Thus, it is unclear what long-term impact sheep grazing would have on the
establishment of an effective RFB population. Maintaining large rosettes and a dense
pasture cover during the egg-laying period would provideideal conditionsto encourage
oviposition by adult RFB and optimise larval hatching.
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