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(1984) demonstrated that the presence of aphid honeydew

increases local residence times of the larvae of Coccinella

septempunctata L. (Coleoptera, Coccinellidae).

Studies such as those of Evans & Richards (1997) show

that lady beetle distributions can be manipulated by the

administration of sugar sprays to strips or bands of crop

or marginal vegetation, but they do not elucidate how the

redistribution process works. To find out more about the

dynamics of the redistribution process, we designed field

experiments in which the dispersal of marked and

released lady beetles was followed over space and time.

MATERIAL AND METHODS

All studies were done during July 1999 in alfalfa fields on the

Animal Science Farm of Utah State University, 10 km south-

west of Logan, Utah, USA. Although several ladybeetle species

occur in Utah alfalfa, we marked and released only adults of C.

septempunctata, as this introduced species now accounts for the

vast majority of individuals of Coccinellidae occurring in alfalfa

fields in northern Utah (Evans, 2000). Adults of C. septempunc-

tata were collected for marking/release from sites where they

were most abundant. For the first four field experiments, beetles

were collected from a field of barley (Hordeum vulgare) that

was heavily infested with aphids. Beetles for the final two field

experiments were collected in alfalfa, to rule out the possibility

that the observed behaviour in the first four experiments was

due to an imposed change of host plant. Lady beetles were

marked with paint markers (Decocolor Opaque Paintmarker,

Uchida of America Corporation, Barcode 2861702101), except

in the first experiment, in which black markers (Sanford Sharpie

finepoint permanent marker) were used. Paint was administered

after the beetles had been immobilised with CO2. Between cap-

ture and marking, and between marking and release, the beetles

were kept in ventilated containers or Petri dishes at 9°C. All

releases were made in the early morning, at sunrise or shortly

after, because this is the coolest part of the day, which was

expected to minimize disturbance-induced dispersal immedi-

ately following release.

In all, we conducted six field experiments. Each was con-

ducted in alfalfa grown for hay. During each experiment, a set

of sweep samples was taken to determine the density of aphid

prey (pea aphids, Acyrthosiphon pisum [Harris]; Aphididae) that

were present in the alfalfa.

Dispersal in space: “wagon wheel” experiments

Three experiments (numbered 1, 2, and 6 to reflect the

chronological order in which they were conducted) were

designed to measure dispersal of lady beetles over space in time.

A circular release area and surrounding 72 sampling stations

(Fig. 1) were laid out in the form of a wagon wheel in the

middle of a 200 × 200 m alfalfa field. The release area was 8 m

in diameter, and sampling stations were located at 0, 5, 10, 15,

20, and 25 m from the edge of the release area. Sampling sta-

tions were arranged on 12 transects radiating out from the

release area at 30° angles. For the first, second, and sixth experi-

ment, respectively, 1300, 1548, and 1434 C. septempunctata

adults were marked and released at a single time.

Sweep samples were taken at sampling stations at intervals of

several hours on the day of release (Day 1). A final sample was

taken in the afternoon of Day 2 in the first and second experi-

ments. At each sampling station on each occasion, five 180°

sweeps were taken with a 39 cm diameter sweepnet. A step of 1

m was taken between subsequent sweeps. Thus, the first set of

sweeps covered distances from the edge of the release area of 0

to 5 m, and so forth. Data are presented as the mean (number of

marked beetles) ± standard error of the mean (SEM) of the full

five sweep samples for each of the six distances (n = 12), plus

the density in the release area itself.

In the analysis of these data, we developed analytical solu-

tions of the dispersal-departure model: 

Pt D 2P P

where Pt  – is the rate of change of population density P at

location (x,y) (# m-2 h-1), D – is the diffusion coefficient

describing lady beetle dispersal within the field (m2 h-1), 2 P =
2 P/ x2 + 2 P / y2 is the square gradient of population density

in two-dimensional space (# m-2 m-2),

 is the relative departure rate (h-1), i.e., the proportion of bee-

tles which take flight and leave the sampling area per unit time,

or the probability per hour that a resident beetle would leave,

and P is the density of the ladybeetles at a location (x,y) (# m-2).

If the release had been a point release, and the samples had

been taken at points (x,y), the fundamental solution to equation

1 would be:

F x,y, t
1

4 Dt exp
x2 y2

4Dt t

In actuality beetles were released at approximately uniform

density within a circle of radius 4m, and the expected density

from this release is

·P x,y, t 2 P0 F x u,y u, t du dv

where P0  – is the uniform release density (see Logan, 1997).

In the fitting process, appropriate corrections were included for

the practice of sampling radially extending transects of 5 m

length at each sampling station, and for the size of the release

area (full details are available on request). The purpose of fitting

is to obtain values for the biologically relevant parameters D

and . The diffusion coefficient D characterises the speed of the

dispersal process within the sampling area, while the departure

rate  characterises the proportion of the beetles that leave the

sampling area per unit time. The reciprocal of this rate is the

average time that individual beetles spend in the sampling area.
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Fig. 1: Sampling design for measuring dispersal within the

field.



Effect of sugar sprays on residence time

Another set of three experiments (3, 4, and 5) was designed to

quantify the departure process more precisely, and to contrast

lady beetle departure in sugar-sprayed and control plots. Six

sugar-sprayed and six control plots were included in each

experiment. Each plot measured 5 × 10 m, and lady beetles were

released in a central area of 3 × 8 m within the plot. Sugar-

sprayed plots received approximately 1.25 l of sucrose solution

(150 g per l of water) applied as a fine mist to the foliage (e.g.,

Evans & Richards, 1997). Sugar was sprayed soon after sunrise,

and beetles were released immediately afterwards. In the third,

fourth, and fifth experiment, respectively, 1678, 1200, and 1380

adults of C. septempunctata were marked and released (totals

are for all twelve plots combined).

Beetle densities in the plots were estimated by repeated

sweepnet sampling. The sampler walked on the long centre line

through the plots, taking 8 sweeps in the net area. Samples were

subsequently taken at 1–2 hour intervals during the first day and

at 1–2 day intervals thereafter. In two of the three experiments

(4 and 5), a first sweep sample was taken prior to sugar

spraying. Data are presented as average number of beetles

(marked or unmarked C. septempunctata adults) per 8 sweeps ±

SEM at each time.

Results were analysed by fitting: 

P P0 exp[ t]

where P0 – is the initial number of ladybeetles (as measured

in the first sweepnet sample after release). The other variables

and parameters are the same as defined above.

RESULTS

Lady beetle behaviour; checks on disturbance effects

During the field experiments, observations were made

on the behaviour of the marked beetles, in comparison to

that of naturally occurring unmarked beetles. Following

release, most beetles walked down the alfalfa stems,

seeking refuge after the disturbance caused by release.

Within minutes, however, most of the beetles returned to

the tops of the alfalfa stems (where many unmarked bee-

tles occurred naturally) to stay there for the next hour or

so. At sunrise (the time of release), these stem tops pro-

vide the preferred site to warm up after the coolness of

the night. After warming up, both experimental and natu-

rally occurring beetles would start foraging by exploring

the upper part of the alfalfa stems and leaves. Later in the

morning, with the rise in air temperature, flight would

become more frequent, both in marked and unmarked

beetles. At this time and temperature, both marked and

unmarked lady beetles crawling out of the sweepnet were

likely to fly away, unless they were promptly put back

into the crop canopy, which is what we did. Our direct

observations indicate that the arousal, created by the sam-

pling, was thus effectively dissipated. We did not detect

any difference in tendency to fly between marked and

unmarked beetles. No differences in any of the men-

tioned behaviours were thus noticed between marked and

unmarked C. septempunctata in any of our observations.

Dispersal in space

Measurements of lady beetle dispersal reveal a spatial

bell-shaped distribution around the point of release for

each of the three experiments (Fig. 2). In each case, the
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Fig. 2: Density (expressed as lady beetles per 5 sweeps) of

marked and released Coccinella septempunctata in the release

area and at six distances from the release area in the course of

time in three field experiments in alfalfa. Results for Expt 2 are

given with and without data for release area to show clearly the

densities within and outside the release area, which differ an

order of magnitude.



spatial distribution extended in space as time progressed,

and the number of beetles that were recaptured in the

sample area declined rapidly. The rate of spatial extension

of the distribution ‘kernel’, and the rate of departure dif-

fered among the three experiments (Table 1). The results

of the three experiments differed quantitatively, but were

qualitatively the same. A likely reason for the higher rate

of departure in Experiment 6, as compared to Experi-

ments 1 and 2, is the lower aphid density in Experiment 6.

This experiment was conducted in field #16 on the

Animal Science Farm, and aphid densities in this field at

the time of the experiment were a factor of 4 lower

(12.5 ± 1.0 aphids per five standard sweeps with a sweep

net) than in field #14, in which experiments 1 and 2 were

conducted and where the aphid densities were, respec-

tively, 10.8 ± 2.3 and 11.3 ± 2.1 aphids per single sweep.

Effect of sugar sprays on residence time and

aggregation of C. septempunctata

The results of the “sugar” experiments come in two

parts. The first part is the actual departure of the marked

beetles from sugar sprayed and control plots. The second

part is the aggregation of unmarked beetles into sugar-

sprayed plots, following the spraying of sugar (and the

subsequent release of a large number of lady beetles).

In each of the three experiments, the density of marked

beetles declined rapidly after release in both sugar-

sprayed and control plots, in accordance with the results

of the “wagon wheel” experiments. After a few days,

none of the released beetles remained in the plots (Fig. 3).

Equation 4 was fitted to determine , the relative rate of

departure from the plots. In each of the three experiments,

the departure rate was marginally greater in the control

plots than in the sugar-sprayed plots. Figure 4 illustrates

this point by showing that the average residence times

(1/ ) in sugar sprayed plots were 20–30% longer than in

control plots in each of the three experiments. When the

fitted values for  are compared, assuming normal distri-

butions of the fitted parameter values, the significance

(one-sided p) of the difference would be 0.11, 0.04, and

0.16 in the three experiments, respectively. Given the

consistency of the difference over three experiments, the

difference may be considered real (though small). More

importantly, residence time was very short in each of the

experiments, and the majority of the released beetles left

the plots within twelve hours of release. This is true for

both sugar-sprayed and control plots.

Unmarked beetles, occurring naturally in the fields,

aggregated rapidly into the sugar sprayed plots (Fig. 5).

This is apparent in Experiments 4 and 5, but not in

Experiment 3, due to a difference in methods. In Experi-

ment 3, the sugar had been applied in the days before the

release (as part of a pilot study not reported here), and re-

applied shortly before the release of marked beetles.

Hence, the aggregation of unmarked beetles had already

taken place when sampling started. Experiments 4 and 5

were conducted in plots that had not been used in experi-

ments before. The first sample was taken immediately

before the application of sugar; hence, the aggregation

process in response to sugar application could be moni-

tored in these experiments. Experiments 4 and 5 showed

rapid aggregation of unmarked lady beetles into the plots,

while Experiment 3 confirmed the end result of this
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Fig. 3: Density of marked and released Coccinella septem-

punctata (expressed as lady beetles per 8 sweeps) in sugar

sprayed (S+) and control (S-) alfalfa field plots in the course of

time after release, in three field experiments in alfalfa.

0.9991.590.630.176

0.9987.140.140.542

0.98612.50.081.901

R2Residence time [1/ ] (h)Relative departure rate  (h-1)Diffusion coefficient D (m2 h-1)Experiment

TABLE 1. Dispersal and departure parameters, estimated from the data of the spatial mark-release experiments.



aggregation: a 10 to 20-fold increase in lady beetle den-

sity, as shown in Fig. 6. The figure presents the ratio of

densities of unmarked lady beetles in sugar-sprayed and

control plots in each of the three experiments immediately

before release (when the ratio is expected to be one in

Experiments 4 and 5), and in the initial 13 h after release.

The ratios show substantial (sampling) variability, but an

overall pattern can still be identified: equilibrium in the

aggregation process is reached four to six hours after the

application of sugar. Hence, aggregation is a quick proc-

ess, which reaches equilibrium in a matter of hours.

Interpretation

These results can be used to obtain an estimate of the

relative departure rate of the lady beetles from sugar

sprayed and control plots that is wholly based on

observations on unmarked beetles. Such an estimate can

be used as a check on the validity of the results obtained

with marked beetles, which could potentially be affected

by the disturbance of collecting, storing and marking,

even though our direct observations in the field suggest

that these individuals are quite representative in their

behaviour. The estimate is arrived at by developing a

basic model for immigration and emigration. Immigration

is assumed to be an external “force” (I; beetles per 8

sweeps per h) that is not affected by beetle density at the

immigration site (note, however, that it may be different

between sugar-sprayed and control plots). Emigration is

assumed proportional to the number of beetles present,

and hence the rate of change in population density can be

expressed as:

dP
dt I P

This model requires only the least of plausible

assumptions. Starting from a beetle density of zero,

aggregation follows a time course according to:

P
I (1 exp[ t])

The initial slope of such a time course is I, and the

equilibrium density is given by I/ . The ratio of the pla-

teau and the initial slope therefore yields the average resi-

dence time (1/ ) of the beetles. The data of Experiments 4

and 5 (Fig. 5) show that equilibrium is approximately 18

beetles per 8 sweeps, and that this equilibrium is reached

in a time period of 4 to 6 hours. Hence, the immigration

rate is in the order of 3 to 4.5 beetles per 8 sweeps per

hour. Using these estimates, the average residence time

(calculated from the ratio of equilibrium density to the

rate of immigration) is estimated at approximately

between 4 and 6 hours. This estimate is consistent with

the results obtained with marked beetles (Fig. 4), thus

confirming our assertion that the marked beetles showed

biologically representative behaviour.
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Fig. 4: Residence time (1/ ; h.) of marked and released Coc-

cinella septempuncatata in sugar sprayed and control plots, in

three field experiments in alfalfa.

Fig. 5: Density of naturally occurring (unmarked) Coccinella

septempunctata (expressed as lady beetles per 8 sweeps) in

sugar sprayed and control alfalfa field plots in the course of

time after release of marked beetles, in three field experiments

in alfalfa. Sugar was sprayed immediately prior to the release of

marked beetles.



DISCUSSION

The field experiments described in this paper show that

residence times of the lady beetle C. septempunctata in

large plots of alfalfa (0.36 ha) were in the order of hours

under the conditions of the study. The majority of the

population of beetles in such an area is therefore replen-

ished daily with new individuals. This rapid turnover of

the predator population in large areas probably reflects

that few pea aphids, the primary prey of C. septempunc-

tata in Utah alfalfa, were present during our experiments.

In general, the tendency of predators such as lady beetles

to stay in a resource patch (e.g. a field) increases with

increasing quality of the patch (e.g., Ives et al., 1993).

Given that prey densities were low throughout our study

fields, it is likely that lady beetles not only quickly left the

large study plots, but also rapidly emigrated from the

fields in which these plots were placed. Hence, our results

suggest that lady beetle populations are highly dynamic

across the landscape, with substantial migration between

fields, and localized dispersal within fields that is of lim-

ited importance, compared to between-field dispersal,

under the conditions of this study. The tendency to emi-

grate when there are few prey is likely to result in preda-

tors aggregating at areas of high prey density (Evans &

Youssef, 1992; Hemptinne et al., 1992; Ives et al., 1993).

Rapid emigration of adult lady beetles also occurred

from smaller study plots of alfalfa that we sprayed with

sugar. This surprised us, as we had hypothesized that

encounter with and consumption of sugar would lead to

markedly longer residence in sugar-treated plots, as has

been observed in the larvae of C. septempunctata (Carter

& Dixon, 1984). Especially surprising is the inference -

based on the combination of a marginally increased resi-

dence time (Fig. 4) and a 10 to 20-fold increase in beetle

density (Fig. 6) - that ladybeetle aggregation in sugar-

sprayed plots must have resulted primarily from increased

beetle immigration rather than decreased emigration.

Because sugar is not volatile, we are led to hypothesize

that early arriving lady beetles in sugar-treated plots

release odours that attract additional lady beetles (early

arriving beetles may benefit by attracting potential mates

to a resource-rich area). To test this hypothesis we con-

ducted Y-tube olfactometer studies (not reported here). In

one of these studies we found positive responses of C.

septempunctata to odour emanating from sugar sprayed

alfalfa harbouring conspecific lady beetles. These meas-

urements do not elucidate the source of the odour. It can

not be ruled out that the spraying of sugar induces alfalfa

plants to release volatiles that attract carnivores, as has –

for instance – been demonstrated for the secondary plant

compound jasmonic acid in lima bean (Dicke et al., 1999;

Thaler, 1999). There is independent evidence, however,

that lady beetles (C. septempunctata) are indeed using

volatile compounds, pyrazines, produced by conspecifics,

for orientation (Al Abassi et al., 1998). Indeed, it would

be hard to understand how lady beetles manage to form

overwintering aggregations without using chemical cues

(Copp, 1983). Hodek & Hon k (1996; p. 102) state: “Our

anecdotal observations … lead us to suspect that flying C.

septempunctata adults do not land “blindly” on a field

with still sparsely distributed aphid patches.” We also

observe that when one finds a lady beetle adult in an

alfalfa field in early spring (when lady beetle and aphid

densities are still very low), additional individuals are

likely to be close by (E.W. Evans, pers. obs.). Hence,

there is a body of evidence suggesting that lady beetles

choose their whereabouts not at random, and that volatiles

are involved in the selection of sites not only for overwin-

tering, but also for foraging and/or mating. We plan fur-

ther work to determine how this presumed attraction by

volatiles actually works.

The results of our six field experiments show that indi-

vidual lady beetles readily engage in long-distance dis-

persal when prey is not abundant, and that the availability

of an alternative food source (sugar) leads to only modest

increases in the tendency to linger in a local area when

there is insufficient supply of the essential food for repro-

duction, aphids (Hodek & Hon k, 1996; Evans, 2000).

Orientation towards new foraging sites appears to be non-

random and may well involve chemical cues.
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Fig. 6: Ratio of densities of Coccinella septempunctata in

sugar sprayed and control alfalfa field plots in the course of

time after spraying sugar, in three field experiments. In the

course of 4–6 hours after sugar spraying, the density of lady-

beetles in the sugar sprayed plots became 10–20 times as high

as in the control plots.
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