
1 

 

THE UNIVERSITY OF NEW ENGLAND ANIMAL ETHICS COMMITTEE (AEC) 
 

STANDARD OPERATING PROCEDURES FORM 
(For Domestic Fowl, Native Fauna/Wildlife, Domestic Livestock & Laboratory Animals) 

 

Title of Procedure: 
Measurement of Metabolic Rates in Mammals, Birds, Reptiles and Amphibians in 

the Laboratory. (W1) 

 

 

Objective: 

 

To determine metabolic rates of vertebrates by indirect calorimetry, based on 

their rate of oxygen consumption.  Oxygen consumption is directly proportional 

to energy expenditure by the animal and therefore can be used to measure 

metabolic rate. Alternatively, carbon dioxide production by the animal can 

also be measured if no oxygen analyser should be available. 

 

Details of Procedures: 

 

Oxygen consumption can be measured by: 

 

 

a) Open System Respirometry (see Diagram A) 

 

 Individual animals are placed in a metabolic chamber. 

 Outside air (21% oxygen) is pumped through the chamber and the 

difference in oxygen concentration between outside air and the air 

leaving the metabolic chamber is measured by an oxygen analyser. 

 The proportion of oxygen consumed by the animal together with the 

flow rate through the chamber is used to calculate the volume (ml) of 

oxygen consumed per unit of time. 

 Airflow through the chamber is maintained so that the oxygen 

concentration in the chamber is maintained above 20%. 

 Measurements of metabolic rate are usually preformed over a period 

of several hours, up to about 24 hours. 

 The chamber size depends on the size of the animal, but usually varies 

between 0.5 and 5 litres for small animal (the animal must be able to 

freely move, but the chamber must be small enough so equilibrium 

with outside air is accomplished within about 10-20 minutes:  

99% equilibrium = volume (ml)/flow rate (ml/min) * 4.6). For large 

animals a facemask can be used, however, this requires a high flow 

rate to ensure that only expired air from the animal is measured. 

 The appropriate thermal environment for the animal should be 

provided: hot and cold temperatures can be critical for small species! 

 The animal should be observed at regular intervals during 

measurements. 

 Food and water are usually withheld for the measurement period. 
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b) Closed System Respirometry (see Diagram B) 

 

 Individual animals are placed in an airtight metabolic chamber, which 

also holds a small container for soda lime. 

 The chamber is connected to a manometer. 

 As the animal breathes, it consumes oxygen and produces carbon 

dioxide. 

 The gas volume in the animal chamber is reduced because the carbon 

dioxide is immediately absorbed by the soda lime.  This reduces the 

pressure in the animal chamber, drawing the manometer fluid toward 

the chamber. 

 Using a syringe attached to the apparatus, the gas (oxygen) consumed 

by the animal can be replaced and measured over a given time-

interval. 

 A second chamber (the thermobarometer) may be attached to the 

manometer, to correct for pressure changes due to temperature 

fluctuations and atmospheric pressure changes. 

 Measurements usually last for a maximum of 15 minutes for endotherms 

(mammals and birds), but may be longer of up to several hours duration 

for ectotherms (amphibians, reptiles or eggs). 

 The chamber must be completely ventilated between measurements. 

 The appropriate thermal environment for the animal should be provided: 

hot and cold temperatures can be critical for small species! 

 The animal should be observed at regular intervals during 

measurements. 

 Food and water are usually withheld for the measurement period. 

 

 

B 
 

 

 



4 

 

Drug, Chemicals or Biological Agents: 

 

Nil 

 

Care of Animals after the Procedure: 

 

Animals must be returned to the holding units they were in prior to 

experimentation and allowed to settle in a thermally appropriate and quiet 

environment.  Food and water must be readily available. 

 

Qualifications, Experience, Skills or Training Necessary to Perform this 

Procedure: 

 
Personnel must be familiar and experienced with the normal behaviour of, and 

handling procedures used for, the species of animal(s) to be tested. 

 

Effects of Procedure on Wellbeing of Animals: 

 

Should be Nil. 

 

Pain Relief Measures: 

 

Not applicable. 
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