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the retro-fitting of precipitators on uncontrolled in- 
cinerators, or perhaps the installation of electrostatic 
precipitators on uncontrolled incinerators, or perhaps 
the retro-fitting of precipitators on units equipped 
with low pressure/efficiency scrubbers. 

1 Yost, K.J., and Miles, L.J., Environmental Health Assessment 
for Cadmium: a Systems Approach. J. envir. Sci. Hlth A14 
(1979) 285-311. 

2 Yost, K.J., Miles, L.S., and Parsens, T.W., A Method for 
Estimating Dietary Intake of Environmental Trace Contami- 
nants: Cadmium, a Case Study. Envir. int, 3 (1980) 473-484. 

3 Yost, K.J., Miles, L.J., and Greenkorn, R.A., Cadmium: Simu- 
lation of Environmental Control Strategies to Reduce Exposure. 
Envir. Management 5 (1981) 341-352. 

4 Yost, K.J., Source-Specific Exposure Mechanisms for Environ- 
mental Cadmium. Environmental keynote talk; Fourth Interna- 
tional Cadmium Conference. Munich, FRG, Feb, 28-March 4, 
1983. 

5 FDA Compliance Program, U.S. Food and Drug Administra- 
tion, FY78 Total Diet Studies - Adult (7305.003). 1981. 

6 Zinc Institute, U.S. Zinc and Cadmium Industries: Annual 
Review 1980. Zinc Institute, Inc., 292 Madison Ave., New York, 
N.Y., June 1981. 

0014-4754/84/020157-0851.50 + 0.20/0 
�9 Birkh~user Verlag Basel, 1984 

Minireview 

Do insects feel pain? - A biological view 
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The question of whether insects, or indeed other 
invertebrates, have a pain sense has received little 
attention in the literature, despite its obvious biologi- 
cal interest and the ethical implications of the human 
treatment of insects and other invertebrates. The 
relevance of this question is that, whilst we could 
scarcely conceive of a world in which pest insects are 
not regularly damaged and killed in vast numbers by 
human design and many others killed incidentally in 
our daily activities, the experimental biologist still has 
to face decisions on how to handle his insect material. 
Pain, as understood in humans, is a variable, subjec- 
tive experience involving a class of sensations with 
which is associated a characteristic 'negative affect 
and aversive drive '15. Its quality and severity may be 
strongly modified by factors including previous ex- 
perience, non-nociceptive sensory information, focus- 
sing of attention by the subject, and the perceived 
significance of the experience is,it. The unpleasant 
emotional qualities and strong motivation to remove 
the source of stimulation appear largely to comprise 
the experience known generally as 'suffering'. The 
occurrence of 'suffering' in other animals is usually 
inferred from physiological and behavioral changes 
such as flexor reflexes, blood pressure increases, 
tachypnoea and vocalisation 2s, all of which are nor- 
mally concomitants of severe pain experiences in 
humans. This inference becomes progressively less 
defensible as animals phylogenetically more remote 

from man are considered. The standard reference 
work on the structure and function of the nervous 
systems of invertebrates 3 suggests only that pain is 
inferred if an animal shows behavioral reactions 
resembling those of a human in pain, the decreasing 
similarity of reaction in simpler animals being taken 
to indicate a gradual evolution of a pain sense with 
the appearance of increasingly complex animals. 
Although there is no conclusive proof as to whether 
an insect can experience something akin to human 
pain, logical analysis of known examples of insect 
behavior and physiology may facilitate a rational 
decision. In the only published examination of the 
possibility of insect pain known to us, Wigglesworth 24 
has, by inference from his observations of insect 
behavior, concluded that while most of the manipula- 
tions to which insects are commonly subjected proba- 
bly do not cause them pain, certain stimuli, such as 
high temperature and electric shocks, apparently do 
so. We here examine the question from three aspects: 
firstly, the adaptive role of pain in mammals and the 
relevance of this to insect biology; secondly, the 
neural basis of nociception and pain perception in 
mammals and its relation to the insect nervous sys- 
tem; and thirdly, the similarities and contrasts be- 
tween the behavior of insects and mammals undergo- 
ing trauma or noxious stimulation. 
Pain may induce a suffering mammal to withdraw 
from or otherwise neutralize the causative agent and 


