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Measuring standard metabolic rates of insects by isothermal calorimetry 
   
 

Instruments to which this note applies:  I-Cal Flex 
 
Prepared by: Lars Wadsö 
 
Target use: ecology, insect metabolism, small animal activity, standard metabolic rate 
 
Introduction 
 
The standard metabolic rate (SMR) of an animal is its lowest 
metabolic rate, its metabolic rate at rest. It is equivalent to 
basal metabolic rate (BMR), but while BMR usually is used 
for endothermic organisms that maintain a constant body 
temperature by their metabolic heat, SMR is a term used for 
poikilotherms, whose body temperature varies according to 
the ambient temperature. BMR has to be measured at thermal 
neutral conditions, while SMR can be measured at any 
temperature, 
 
SMR can be reported in different ways, most commonly as 
thermal power (W), specific thermal power (W/g) or oxygen 
consumption rate. The SMRs based on thermal power (heat 
production rate) are most suitably measured by isothermal 
calorimetry. 
 
For measurements of SMR to be of any value a few criteria 
have to be met:  
 
- The measurement temperature needs to be stated. 
- The measurement should be made while the animal is 
resting. 
- The animal should be in good condition. 
- The animal should not recently have been feeding. 
 
SMRs are of interest for many reasons. One is that they are 
fundamental to theories of allometric relationships, i.e., how 
animal size and activity relate. The most famous of these 
relationships is Kleiber’s law for endothermic animals, but 
there are also more recent and more general such models, for 
example Metabolic Theory of Ecology [1]. 
 
This application note concerns measurements of SMR on 
insects. As insects are primarily aerobic [2] and the enthalpy 
of respiration (kJ/moloxygen) is independent of the type of 
substrate [3], calorimetric measurements of heat production 
rate of insects are equivalent to oxygen consumption 
measurements, but they do have a number of advantages 
compared to respirometry. The main advantage is that 
calorimeters continuously measure the rate as a function of 
time, so the resulting ‘thermogram’ will in many cases clearly 
show periods of rest and periods of activity, making it easy to 
determine the metabolic activity at rest. 
 
Materials and methods 
 
Results from three different insects (Fig. 1) are presented in 
this application note:  
 

1.  Long-tailed silverfish (Ctenolepisma longicaudata) (length 
18 mm, mass 60 mg) measured at 20 °C. Measurement was 
made with the insect in a plastic vial. Empty reference stack. 
2.  Larvae of a soldier beetle (family Cantharidae) (length 15 
mm; mass 60 mg) measured at 20 °C. 
3. Four larvae of the common cockchafer (Melolontha 
melolontha) (length 35 mm, mass 1.52-1.76 g) measured 
individually at 10 °C. 
 

 
Fig. 1 – The insects investigated.  
 
In all three cases baseline measurements were performed. 
This is important as the measured thermal powers are rather 
low. The three measurements were made in slightly different 
ways, with stages marked A, B and C, as seen in Fig. 2: 
 
1.  A: Baseline empty vial. 
 B: Vial with insect. 
 
2. A: Baseline empty vial. 
 B: Soil and insect. 
 C. Only soil. 
 
3.  A: Soil and insect. 
 B: Only soil. 
 
Soil was used in measurements 2 and 3 as both soldier beetle 
larvae and cockchafer larvae live in soil. It is important to 
keep the animals under conditions resembles what they are 
used to. This can in some cases be difficult, for example with 
flying insects or with social insects that are constantly active, 
trying to return to their colony [2]. 
 
Results and discussion 
 
Figure 2 shows the results, from which it in all cases is 
possible to calculate SMR, although in slightly different ways. 
 
 
This animal is quite relaxed with  
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Fig. 2 – Result from measurement on soldier beetle larvae (A).  
 
1. Long-tailed silverfish 
 
Long tailed silverfish are found in warm places indoors in 
large parts of the world. The present measurement was made 
animal that had been kept at about 22 °C for several months. 
Its transfer to an empty vial does not seem to have give rise to 
stress as the animal was resting for the duration of the 
measurement (cf. Fig. 2B-C with activity periods) The SMR 
was found as the difference between the results from part B 
and part A (see Table 1).  . 
 
2. Soldier beetle larvae 
 
In this measurement a standard baseline was first run (A), 
then soil and the insect was added (B); finally the insect was 
removed and only the soil was measured (C). The soil was 
used to create good conditions for the larvae, but as soil has 
significant microbial activity, the thermal power from the soil 
had to be measured and used as a baseline above which the 
insect metabolism was found. From the results it is clear that 
periods of rest interleave periods of activity with higher 
thermal power. It is easy to construct a linear curve fit to the 
resting periods and compare this with a linear regression of 
the soil results, to find the SMR as the difference between 
these lines. 
 

3. Cockchafer larvae 
 
Here, measurements on four larvae were made simultaneously 
and it was found that one larvae had a quite different 
‘thermogram’, with higher heat production, but not activity 
periods. The reason for this is not known. Also in this 
measurement is it easy to see the resting periods, and find the 
difference between the soil+insect (A) and soil (B) 
measurements. 
 
Table 1 – The result 
 
Sample Thermal power 

µW µW/mg 
1 53 0.88 
2 145 2.4 
3 58* 0.036* 
* The three lower results in Fig. 2C. 
 
Notes on the calorimetric measurement 
 
Standard metabolic rate (SMR) measurements 
 
It is not trivial to measure SMR [2] and one problem is that it 
is difficult to know if the animal was at rest during a 
respirometry measurement or not [4]. Researchers have tried 
to solve this issue, for example by using cameras to record 
activity periods, but it seems that isothermal calorimetry is a 
simpler way, as it is easy to pick out activity periods (Fig. 2B-
C). 
 
Conditions for animals during measurement 
 
It is clear that many animals do not have their natural 
behavior when they are measured on in respirometers or 
calorimeters. However, it is possible to try to make the 
environment in, e.g., a calorimetric vial as good as possible, 
for example by using soil in the vial for soil living insects. 
Generally, the following points could be considered: 
 
- The size of the animal in relation to the size of the vial. 
- The activity and activity modes of the animal. 
- The texture of the inside of the vial. 
- If the round shape of normal vial is a problem (could induce 
circular motion). 
- The oxygen and carbon dioxide levels during a measurement. 
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