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Environmental and Agricultural Physiology
Our curiosity about invertebrate energetics and its relationship to geographic distribution, evolutionary 

history or ecological interactions has been a chronic driver to the innovators of Sable’s instrumentation, 

where the smallest signal from the animal demands that it be measured with acute resolution. Like 

entomologists, comparative physiologists, ecologists and biomedical researchers worldwide, we have a 

multitude of questions and a variety of solutions developed to address those questions.

Insects as Disease Vectors
Malaria, Dengue Fever, Chagas disease and West Nile Virus are a few well 

known pathogens transferred to human populations from insects. By assessing 

physiological traits of thermal tolerance and water balance or response to 

variation in the concentration of oxygen and carbon dioxide, it is possible to 

reveal and understand the factors that limit or enhance insect fitness and to 

develop pest management strategies to mitigate the spread of disease.

Insects as Models of Disease
The common fruit-fly, Drosophila melanogaster, holds promise for enhanced 

understanding of highly conserved disease pathways shared by both flies and 

humans. Calorimetry or small insect respirometry can be and effective tool in 

drug screening, testing hypotheses from in-vitro, small molecule research on 

an intact fully functioning organism. 

Sable respirometry systems enable 

highest resolution metabolic 

measurement, and the study and 

control of thermal range and 

atmospheric gas concentrations, 

including water vapor. Systems are 

available in field or lab configurations, 

using real-time flow-

through respirometry 

or constant-volume,  

stop flow methods.



Control of Oxygen Delivery: Metabolic 
resiliency and reperfusion injury in a single 
Drosophila: This graph shows the first published 
example of reperfusion injury in a major 
invertebrate model animal. The black trace 
shows the metabolic rate of a single Drosophila 
fruit fly during exposure to anoxia (zero O2); see 
arrow denoted by “A”. Metabolic rate immediately 
falls to zero, as expected, because the citric acid 
cycle cannot generate ATP or emit CO2 in the 
absence of oxygen. Activity – the green trace – 
abruptly ceases. The red trace shows water vapor 
emission from the fly. After an initial period of 
spiracular opening caused by anoxia, the spiracles 
close again, as shown by restoration of a low rate of water vapor emission. At the “R” arrows the fly is exposed to repeated 
reperfusion of normal levels of O2 for one minute each. Partial recovery from the first reperfusion is shown by partial restoration 
of spiracular closure, but from the second reperfusion onwards, spiracular control is lost and recovery fails. The ability of the fly’s 
mitochondria to oxidize metabolic substrates declines linearly with each reperfusion. The “B” markers denote baselines showing 
a zero metabolic rate and water vapor output reference point.
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Constant Volume Respirometry: For very small insects and to 
minimize the cost of a metabolic measurement system, a common 
approach is to seal the insect in a small container for a short time, 
and then measure its integrated oxygen and CO2 flux when the 
container is flushed with fresh air. This technique, referred to as 
constant volume or stop flow respirometry can be used to 
quantify metabolic phenomena in a wide variety of small organisms, 
including bacterial cultures, as well as to measure CO2 or methane 
production. The required sealing and flushing of multiple containers 
is handled automatically under computer control (manually if 
necessary). This graph shows a succession of six flushing events 
from a series of six small containers, each housing a small 
arthropod. The area under the curve of oxygen concentration versus 
time is proportional to the volume of oxygen consumed during 
the enclosure time. During analysis, each peak is automatically 
integrated, the corresponding volume of oxygen is calculated, then 
divided by the enclosure time to yield rate of oxygen consumption.

Thermo-Limit Respirometry: Insects are ideal for studying 
the effects of thermal stress. The novel technique used in this 
graph allows objective determination of the critical maximum 
temperature of an insect as its environmental temperature 
(red trace) steadily increases. Of particular interest are the 
cessation of activity (green trace) and the abrupt fall in 
metabolic rate (black trace) at the critical thermal maximum 
of this animal. Also of interest is the substantial output of CO2 
after the critical maximum temperature has been reached 
(black trace, after ~40 minutes). In other investigations this 
“post-mortal peak” has been shown to be O2-dependent, 
and thus caused by decoupling of oxidative phosphorylation 
in the mitochondria.
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