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Tonic immobility in adult Colorado potato beetle, Leptinotarsa decemlineata
(Coleoptera: Chrysomelidae) evoked by mechanical and optical stimuli
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Abstract. Adults of Colorado potato beetle Leptinotarsa decemlineata are very active at room temperature, and their almost con-
tinuous struggling in the respirometer prevents the measurements of the patterns of gas exchange, body movements and heartbeat.
The tonic immobility of beetles was evoked by light flashes and by shaking as external stimuli. The immediate reaction to these
stimuli was the reflexive closing of the spiracles and the cessation of CO,release for some minutes, which was followed by a large
burst of this gas. The state of the evoked tonic immobility did not influence heartbeat and abdominal pulsations, but the periodically
-occurring abdominal-thoracic pumping movements stopped for 2-5 minutes. During the periods of pumping ventilation the meta-
bolic rate was increased about two times.The state of tonic immobility evoked by light flashes lasted 2—6 minutes, but when shaking
was applied as a stimulus complete immobility was about two times longer.

INTRODUCTION

A respiratory characteristic which has often been used
is the cyclicity of gas exchange; i.e., the mode of CO,
emission from the tracheae. Many insects in adult, pupal
and even in larval stages display discontinuous gas
exchange cycles (DGCs) (Kestler, 1984; Lighton, 1994;
Miller, 1974, 1981; Slama, 1988; Slama & Coquillaud,
1992; Snyder et al., 1995; Wasserthal, 1996; for reviews).

For the determination of metabolic rates and respiratory
patterns the individual insect must be motionless. Many
adult insects, including the Colorado potato beetle Lept-
inotarsa decemlineata (Say), are very active at room tem-
perature, and it is often a very complicated task to force
them to stop struggling and stay motionless in an insect
chamber of a respirometer, and the periods of immobility
are commonly too short for studying respiration patterns.

Several methods have been proposed to immobilize
insects. The use of the anaesthetic enflurane has been rec-
ommended to ensure immobility in ants and other small
active insects during the determination of standard meta-
bolic rates (Holm-Jensen et al., 1980), but the anaesthetic
cannot be used for quantifying the respiration pattern
(Duncan & Newton, 2000).

Decapitation has been demonstrated as a useful means
of immobilizing ants for the measurement of the resting
gas exchange, while movement is minimal and ventilation
(i.e., the DGCs) is much more regular and stercotyped
(Lighton, 1992; Quinlan & Lighton, 1999).

Many insects, especially coleopterous species, respond
to a sudden and brief mechanical or optical stimulus by
abruptly reaching a state of more or less complete tonic
immobility, lasting from a few seconds to several hours.
Shaking of the food plant and loss of tarsal contact, but
also illumination, may act as stimuli for immobility. If the

foothold is released and the insect falls to the ground, the
immobility is often called thanatosis or death feigning. A
protective pose while retaining its foothold has been
termed as catalepsy or tonic immobility (“freezing”), and
this term has been used to cover both types of responses,
because it describes the general condition (see Richards,
1953) of the insect.

Our idea was to achieve the immobility of Colorado
potato beetles for a period of time by evoking freezing by
mechanical or optical stimuli. To our knowledge the
metabolic rates and respiratory patterns during “freezing”
have so far not been studied in insects, or at least not in
Coleoptera.

The goal of the present study was to test optical stimuli,
light flashes, and mechanical stimuli, shaking, to estimate
their suitability for the evocation of tonic immobility in
adult Colorado potato beetles. Another goal was to char-
acterize the metabolic rates and respiratory patterns in
summer beetles during the induced state of freezing. The
possible adaptation of beetles to the applied stimuli was
also studied.

MATERIAL AND METHODS

Adult Colorado potato beetles of first generation were col-
lected in July and August from potato fields near Tartu (Estonia)
and then kept in a laboratory at room temperature. For experi-
ments 35 beetles of both sexes, weighing 130-160 mg, were
used.

The electrolytic microrespirometer we used was described in
detail earlier (Kuusik et al., 1996; Tartes et al., 1999). An
infrared gas analyzer (Infralyt—4, Dessau) was exploited for
recording the CO, -emission.

Eppendorf conical test tubes (volume of 1.5 ml) were used as
insect chambers. In the conical part of the test tube the beetle
was in a motionless posture, and only the respirograms showed
whether it was struggling or motionless. Cylindrical tubes
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Fig. 1. Simultancous recordings of an infrared gas analyser (lower trace, VCO,) and infrared sensors (upper trace, Volts) showing
the influence of light flashes (arrows) on the CO; release and abdominal movements in an adult Colorado potato beetle. x — CO,
burst, I — body movements of struggling beetle before the light flash; II — heartbeats modulated by abdominal pulsations; IIT —
strokes of pumping movements superimposed on heartbeats and abdominal pulsations.

(volume of 5 ml) were another type of insect chamber, where
the fixed beetle laid on its back for visual observation of the
posture and movements of its legs. Insect chambers of both
types were connected either to the respirometer or infrared gas
analyzer by means of rubber tubing.

On the graphs are indicated the units “VOy(ml h™)”, which
corresponds to the rate of oxygen production by electrolysis.
The mean metabolic rate can be calculated by averaging data
over a shorter or longer period (see Tartes et al., 1999). During
the baselines of the recording (e.g., between two peaks) the
units VO, (ml h') correspond roughly to the metabolic rate of
the insect.

The respirometric device was combined with an infrared (IR)
optical system using IR-emitting diodes (TSA6203) and IR-
sensor diodes (BP104), which were placed on the sides of the
insect chamber (for details about this IR optical device see Hetz,
1994; Wasserthal, 1996; Kuusik et al., 2001; Metspalu et al.,
2001). All measurements were performed in a thermostat at 22 +
0.5°C, while visual observations were made at room tempera-
ture, between 20 and 24°C.

The analogue-to-digital conversion of the measuring appa-
ratus was made using a data acquisition board DAS 1601
(Keithley-Metrabyte) with TestPoint software (Capital Equip-
ment Corp., Billerica, MA, U.S.A.). The sampling rate was 10
Hz.

The graphs are the recordings of single beetles; however, the
patterns shown are characteristic of all of the beetles examined.

RESULTS
Struggling and pumping ventilation

At room temperature the adult Colorado potato beetles
laying on their backs in the insect chambers struggled
almost continuously. The locomotion of the beetles in the
chamber was prevented mechanically and the movements
of their legs were the only external signs of struggling.
The respirometric and infrared sensor indicated the pat-
terns due to struggling (Fig. 1 and 2).

The external stimuli, light flashes or shaking, immedi-
ately terminated the struggling, while the legs stayed in a
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motionless posture. The beetles displayed freezing or
death feigning as a result of these stimuli, and a clear pat-
tern of heartbeats appeared on optical recordings (Fig. 1
and 2). The complete immobility lasted 1-2 minutes, fol-
lowed by a period of a series of regular pumping move-
ments involving both abdominal and thoracic segments.
The state of tonic immobility, which commonly lasted
3-12 minutes, ended abruptly and struggling began. The
following light flashes evoked the same events (Fig. 1).

There were beetles which did not struggle in the insect
chamber and being externally motionless, they exhibited
continuous pumping movements (Fig. 3). Light flashes
instantly terminated the abdominal-thoracic pumping, and
the beetles displayed complete immobility until these
movements started again (Fig. 4). The frequency of
pumping movements varied within a great range (0.02 —
0.15 Hz).

The metabolic rate during the pumping movements was
about twice as high (0.8-1.0 ml O, g h?) as that during
periods when these movements were absent (0.4-0.5ml
6]} g_l h_l).

Abdominal pulsations

All of the beetles we studied which were in a state of
tonic immobility showed very weak rhythmic abdominal
movements, which were imperceptible by visual observa-
tions, even if made under a stereomicroscope. Neverthe-
less, on the respirograms regular signals of 0.1-0.5 Hz
(Fig. 5) were observed. We regard these weak abdominal
movements as abdominal pulsations, which also persisted
during the muscular ventilation. On the respirograms the
abdominal pulsations were easily distinguishable from the
muscular ventilation because of their different amplitudes
and frequencies (Fig. 5).
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Fig. 2. A detail of Fig. 1. High peaks before a light flash (arrow) are due to struggling; regular peaks after the ligh flash are heart-

beats modulated by abdominal pulsations.

Gas exchange

After the light flashes or shaking the CO, release
declined to a level of zero and stayed there for 1.5—4 min-
utes, followed by a large burst of gas (Fig. 1). Sometimes
the pumping movements were initiated with the burst, but
sometimes the pumping movements followed only after
the burst.

A characteristic event was an abrupt upward peak,
occurring 30-50 seconds after light flash and about 1-2
minutes before a CO, burst. It seems likely, as determined
by the respirograms, that the beetles responded to the
external stimuli by at once closing the spiracles tightly for
30-50 seconds, followed by air intake into the tracheaec.
Thereafter, a period followed during which oxygen was
consumed, but CO; was not released (Fig. 1). When the
mechanical stimulus was applied during the CO, burst,
the burst was interrupted and CO, emission declined to a
level of zero for 2—3 minutes.

Heartbeat

The mechanical stimuli did not change the frequency
and amplitude of the heartbeats as determined by infrared
sensor recordings. The pattern of heartbeat was modu-
lated by abdominal pulsations, while the ventilatory
movements caused the higher peaks superimposed on the
heartbeats (Fig. 5). Thus the state of freezing influenced
neither the heartbeats nor the abdominal pulsations.

The visual observations of beetles after removing the
elytra and wings showed only the forward heartbeats.
Simultaneous recordings with two IR-sensor diodes at the
second and fifth abdominal tergites also showed only for-
ward directed heartbeats.

Adaptation

If an external stimulus, light flashes or shaking was
applied in intervals of 5-8 minutes during 2 hours of
experiments, then no signs of adaptation to these stimuli
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Fig. 3. A typical pattern of pumping movements in adult Colorado potato beetle by using an electrolytic respirometer (lower trace,
left scale). On the simultaneous infrared sensor recording (upper trace, Volts) the heartbeats are superimposed on the signals of body

movements.

217



0994 o « .
l p
0.79 oot - i
- 1
< 059- @
E 7 5
N L >
S -5
> 0.39
0.19 X x -9
\ X ‘ Hi
-0.01 4 : n : ! ASLL T
0 4 8 12 16 20
Time (min)

Fig. 4. The influence of light flashes on the restrained adult Colorado potato beetle displaying pumping movements. Arrows on the
upper trace (IR-sensor recording, Volts) indicate light flashes. Higher spikes on the lower trace (respirogram, left scale) are pumping
movements; the lower and more frequent spikes are due to abdominal pulsations. x — CO, bursts.

were observed. However, there were individuals which
adapted more rapidly to light flashes than others. The
strokes of abdominal pumping, which appeared before a
CO; burst after the third subsequent light flash, served as
a sign of rapid adaptation (Fig. 4).

DISCUSSION

Light flashes and shaking induced a state of tonic
immobility or freezing, which lasted 3-12 minutes in
struggling adult Colorado potato beetles. During the first
phase of thanatosis only heartbeats and abdominal pulsa-
tions were represented on the recordings. In the next
phase the regular muscular ventilation occurred until the
“awakening” of beetles from freezing and the beginning
of struggling.

An interesting finding was an abrupt cessation of CO,
emission immediately after the light flash or shaking. The
stimuli were applied during the CO, burst, the latter was
interrupted. We suggest that the stimuli resulted in the
tight closing of the spiracles for some time.

During the state of tonic immobility the Colorado
potato beetles exhibited very weak, externally impercepti-
ble, abdominal movements or abdominal pulsations. In
active beetles the signals of abdominal pulsations are usu-
ally mixed with other signals on the recordings and,
therefore, may casily be undetected. Different frequencies
and amplitudes of heartbeats, abdominal pumping and
abdominal pulsations allowed us to distinguish between
these different events during the state of immobility.

In our opinion the abdominal pulsations found in adults
of Colorado potato beetle are similar to the “extracardiac
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Fig. 5. A respirogram from an adult Colorado potato beetle (lower trace, left scale), where two higher peaks mark the abdominal-
thoracic pumping movements, while between them the lower 4-5 peaks are due to abdominal pulsations. The simultaneous optical
recording (upper trace, Volts) are heartbeats modulated by pumping movements and abdominal pulsations.
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haemocoelic pressure pulses” discovered by Slama
(1976) and described later in insects of several taxonomic
groups and various developmental stages (see Slama,
1984). The autonomic nervous system (coelopulse)
located within thoracic ganglia regulates the extracardiac
pressure pulses, and these pulses play a role in respiration
and haemolymph circulation (Slama, 1994, 1999, 2000).

These haemocoelic pressure pulses were recorded on
the insect body by means of electronic transducers or
direct hydraulic transducers (Slama, 1988). The infrared-
sensor method which we used allowed recording of both
the rhythm of abdominal pumping and the weak
abdominal pulsations of the Colorado potato beetles.

We conclude from our results that the evoking of tonic
immobility by means of external mechanical or optical
stimuli may be used to restrain the adults of Colorado
potato beetle for a sufficient time in order to measure the
metabolic rates, thythms or pumping movements and
abdominal pulsations, as well as gas exchange patterns.
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