
INTRODUCTION

Predatory coccinellids are considered economically

important insects in that they consume vast amounts of

plant pests. Consequently, naturally occurring species are

worth many millions of pounds every year to agricultur-

ists by reducing aphid damage to crops (Majerus, 1994).

Coccinellids have been widely used, with varying degrees

of success, as biological control agents. Methods of use

have included classical biological control, augmentative

biological control and conservation of indigenous

predator populations (Luck, 1990; Majerus, 1994). The

most important, common British coccinellid in this

respect is Coccinella septempunctata (Majerus, 1994).

However the lack of success in nature of the coccinellids

in controlling pest populations has, in some cases, been

attributed to the coccinellid specific parasitoid wasp,

Dinocampus coccinellae (Schrank) (Miller, 1971; Maje-

rus, 1994). This braconid wasp exhibits thelytokous par-

thenogenesis, attacking a wide range, but not all species,

of coccinellids (Ceryngier & Hodek, 1996; Majerus,

1997). It is multivoltine over much of its geographical

range (Ceryngier & Hodek, 1996), including Britain

(Majerus, 1997) and especially in Scotland (Geoghegan

unpubl. data). In Europe, the generally abundant, C. sep-

tempunctata is the most used host of D. coccinellae

(Iperti, 1964; Klausnitzer, 1969).

Over the past three years (1996–99), levels of parasiti-

sation by this parasitoid have increased dramatically in

some Scottish samples of C. septempunctata (Geoghegan

et al., 1997) to the detriment of wild population densities

of the host (Geoghegan, unpubl. data). This has prompted

a more systematic study of the relationship between these

two insects.

One technique being used in the investigation is mag-

netic resonance microimaging which, initial investiga-

tions have shown, could become a major tool in this

work. Nuclear magnetic resonance microimaging (MRM)

along with magnetic resonance imaging (MRI), used

widely in hospitals, are developments of nuclear magnetic

resonance spectroscopy (NMR). Each imaging technique

uses the same principle but, by utilising magnets of con-

siderably greater field strength and smaller bore, MRM is

potentially capable of producing image samples to a much

higher resolution, pixels or voxels down to between 5 and

10 mm on a side compared to the 5mm typically attained

by MRI (Kuhn, 1990). MRM is non-invasive and non-

destructive. Its use allows specimens to be re-examined

over time or after treatment (for example, in the course of

this work, infecting samples). As its name implies, NMR

spectroscopy measures the interactions of atomic nuclei

with magnetic fields. Different atomic nuclei have dif-

ferent nuclear spins and when a powerful magnetic field

is applied these nuclear spins align themselves to the field
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changing the diet of the ladybird from aphids [Acyrthosiphon pisum (Harris)] to a standard artificial diet, major changes took place in

the insects’ tissues. By using a combination of all three techniques it was concluded that on changing the diet of C. septempunctata a
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coccinellae). Most significantly an image of the parasitoid larva could be seen within the body mass of the ladybird. It was con-
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ders. It is impossible to assign these to any specific moi-

ety.

The effects of diet are also clearly seen in the magnetic

resonance microimages of C. septempunctata (Figs 2,

A–D). In Figs 2, A–B, lateral and vertical views of the

maximum intensity projection of data from an aphid fed

ladybird, both the gut and ovaries can be clearly

observed, along with what appears to be globules of fat

spread through the rest of the abdomen. The equivalent

projections of data from a ladybird fed on an artificial diet

are completely different (Figs 2, C–D). Neither the gut

nor the ovaries can be seen. The region of the abdomen

exhibiting high proton density as seen in Figs 2, C–D is

greater than that seen in Figs 2, A–B. Furthermore in Figs

2, C–D a region of very high proton density can be

observed in the middle of the abdomen sited above where

the gut is seen to run in aphid fed ladybirds (Figs 2,

A–B). This difference is highlighted in the two surface

reconstructions (Figs 2, G–H). The grey levels used to

build the projections were chosen from the brightest in

each data set. In Fig. 2G the gut and ovaries are clearly

visible whereas in Fig. 2H they cannot be seen at all.

Comparison of the two main NMR relaxation rates (meas-

urements of the time required for excited nuclei to relax

back to equilibrium) calculated for ladybirds fed on

aphids and artificial diets (Table 2) show that there is an

increase in the spin-lattice relaxation time, T1, and a

decrease in the spin-spin relaxation time, T2.

Comparison of Figs 2, A–B with E–F is also

interesting. In addition to the areas of higher proton den-

sity corresponding to the guts and ovaries, other regions

of higher proton density can be observed (Figs 2, E–F).

An area to the front of the abdomen corresponds to the

flight muscles whilst organs in the head, such as the eyes,

can be seen.

After infection of C. septempunctata by the parasitic

wasp, D. coccinellae, the MRM images change yet again.

Figs 3, A–B show transverse and lateral views of an

infected ladybird respectively. As well as the internal

organs seen in aphid fed ladybirds (Figs 2, A–B, E–F),

there is another area of higher intensity (circled, Roi 1)

sited above and at an angle to the gut. This is likely to be

an image of the parasitoid (which dissection of the host

found in that region). Fig. 3C a view looking diagonally

up through the ladybird shows the parasitoid larva

clearly. Interestingly there only appears to be one ovary

(shown in Roi 2). Roi 3 circles the region where the

second ovary would be expected to be. Unfortunately it

was not possible to ascertain if the host had two ovaries

prior to infection, nor was a dissection carried out to con-

firm the loss.

Fig. 3D is a surface reconstruction of the parasitoid and

the single ovary to the same scale and in the same orienta-

tion as the image in Fig. 3B.

DISCUSSION

The differences seen in the two NMR spectra (Figs 1,

A–B) are striking, they show that the diet must have a

major influence on the nature of the body tissues in

C. septempunctata. Postulating the exact meaning of

these differences is problematical. Spectra of aphid fed

ladybirds show that the main body contents are water  and

lipid. While this can be assumed to also be the case with

ladybirds fed on the artificial diet, the proton NMR

spectra cannot be used to corroborate this. If the broad

resonance seen in Fig. 1B was the result of broadening

lines this would be reflected in a reduction in T2 (Table 2)

(the half height line width of an NMR resonance is

inversely proportional to T2) (Abraham et al., 1990) and

indeed this is the case. This has implications on the nature

of the physical state or the environment of the protons to

which the resonances relate and will be discussed further,

below.

The images of the ladybirds show that the proton distri-

bution, water and lipid also change as diet is changed. A

build up of nutrient in some form could be explained by

the mass of high proton density in the upper abdomen of

artificially fed ladybirds. This does not take place in the

aphid fed insects. Again examination of the relaxation

times T1 and T2 may shed light on the problem. Many fac-

tors influence relaxation rates in the NMR experiment,

459

T2(overall) = 0.004 +/– 0.002sT1(lipid) = 1.0 +/– 0.3sT1(H2O) = 1.4 +/– 0.1s

Artificially-fed ladybirds

T2(overall) = 0.008 +/– 0.002sT1(lipid) = 0.5 +/– 0.1sT1(H2O) = 0.8 +/– 0.2s

Aphid-fed ladybirds

TABLE 2. NMR relaxation times of C. septempunctata

Fig. 1. 200 MHz proton spectra of live samples of C. septem-

punctata fed for 5 days before analysis with; A – aphids (A.

pisum); B – a standard artificial diet.
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