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Measuring wild cetacean body temperature
via blowholes using infrared thermal imaging from a drone

 

INTRODUCTION
 
Body temperature measurements are important is a 
key health indicator for mammals. Internal 
blowhole temperature of captive dolphins has been 
shown to be a reliable method for monitoring 
internal body temperature, but this has not been 
verified with large, wild cetaceans. We investigated 
whether drone-based infrared thermography can be 
used measure internal body temperature of large 
wild whales by aiming a thermal camera straight 
down the blowhole. 

The technology of UAV based thermography has a 
lot of potential in the study of whale health. The 
ability to noninvasively determine the health of an 
individual whale, or a population of whales, in the 
field in near real time would be greatly beneficial 
for marine mammal research and conservation. 
Ocean Alliance’s Drones for Whale Research 
program is aiming to accomplish that, and this UAV 
FLIR research is another step forward towards that 
goal.   

Conclusions
● New UAV-based thermography technology has a 

lot of potential in the study of whale health

● Accuracy of sensor we used was not enough to 
draw conclusions about the health of the animal 
based on comparing blowhole temperatures

● Other thermal anomalies might provide 
alternate qualitative ways to assess animal 
health

Drones for Whale Research
Ocean Alliance is developing the tools and 
techniques to perform non-invasive biological 
health assessments of whales. This includes our 
other UAV-based research tools, SnotBot® and 
EarBot™. Traditional methods of biological data 
collection, such as biopsy samples, can be invasive 
and can change the whale’s behavior thereby 
potentially affecting the data that the researcher is 
trying to collect. UAV-based technologies can 
collect similar data non-invasively.
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Radiometric video still in 
FLIR Tools+. Note: 
measurement box analyzes 
max, min and average 
calculated temperature

DJI Matrice 210 with Zenmuse XT2 payload attached, 
on the R/V Cachalot drone launch platform. 

Accuracy

The camera used has a margin of error of ±5°C. The 
error is effectively random so it is best to get multiple 
readings and average. All of the individual whales we 
measured had temperatures within 5°C from each 
other, suggesting that this is a method to record 
consistent radiometric data across multiple whales, 
behaviors and environmental conditions.

Other Thermal Anomalies

FLIR Tools+ Analysis
● Create plot of max temps to identify blows
● Find video frame with hottest visible temp
● Fit 10 x 10 pixel box over hot  area of blowhole
● Apply object parameters and record temperature

Introduction
● Body temperature is a key health indicator for 

mammals

● Internal blowhole temperature has been shown 
to be a reliable measurement for monitoring 
body temperature in studies using captive 
dolphins and small toothed whales 

● UAV-based technology is becoming increasingly 
accepted in marine mammal studies for its 
ability to collect biological data non-invasively 
and affordably 

Objectives
● To investigate the feasibility of measuring 

internal body temperature of free-swimming 
large whales non-invasively using a UAV 
mounted infrared thermal camera

● To determine whether the internal nasal cavity 
or blowhole is a sufficient thermal reference 
point of body temperature in free-swimming 
large whales

We measured consistent temperatures across multiple whales and 
multiple days (assuming that the whales we measured were all healthy)

CONCLUSIONS

● The technology of UAV based thermography has 
a lot of potential in the study of whale health

Further thermal imaging work to measure a whale’s 
temperature and additional health assessments  is 
promising. Next steps would be to test a camera 
sensor such as the FLIR Neutrino LC, that could 
provide much greater accuracy and less 
susceptibility to environmental changes. New high 
operating temperature (HOT) MWIR sensors, such 
as the FLIR Neutrino LC, might be worth testing for 
more accurate temperature measurements.

Drones for Whale Research
Ocean Alliance is developing the tools and 
techniques to perform non-invasive biological 
health assessments of whales. This includes our 
other UAV based research tools, SnotBot® and 
EarBot™. Traditional methods of biological data 
collection, such as biopsy samples, can be invasive 
and can change the whale’s behavior thereby 
potentially affecting the data that the researcher is 
trying to collect. UAV based technologies can 
collect similar data non-invasively.

METHODS

Data Collection
We used the Zenmuse XT2 camera because it could 
record both visible and radiometric video for entire 
flights. FLIR advised us that the optimal number of 
pixels required to make accurate temperature 
measurements (MFOV) with this camera is 10x10 
pixels. In order to achieve this MFOV we flew at an 
altitude of 7m to 10m above the whale. Emissivity 
changes with viewing angle, and the farther the 
target is from the center of the image the greater 
the focal plane’s effective angle is to the target. 
Therefore, we tried to record the blowhole in the 
center of the frame with the camera pointed 
straight down. We launched the drone from a 
platform on the stern of our research vessel, and 
used hand catching for the recovery of the drone. 

Measurement criteria
● Blowhole in center 30% of frame
● Camera pointed straight down
● Altitude of 7m-10m
● Measurement field of view of 10x10 pixels
● Clear of blow, splashing, breaking waves 

(verified with side by side 4k visible video)

Thermal Infrared Cameras

● Cannot see through water
● Measure heat not temperature
● Microbolometer sensors (like the Zenmuse XT2) 

can reach accuracy of ±2C in controlled 
environments

Several factors can influence the amount of infrared 
radiation the camera sensor detects, such as a 
surface’s absorptivity, reflectivity and emissivity. 
Environmental factors such as water over a whale’s 
blowhole can affect these surface properties and make 
it more difficult to calculate accurate temperatures. 
Emissivity also changes with viewing angle, and the 
farther the target is from the center of the image the 
greater the focal plane’s effective angle is to the target.

Tech Challenges

Max temperature of blowhole decreases as whale exhales. We 
collect radiometric video so that we can analyze the frame at the 
hottest point. Using video is an advantage because we can 
analyze data at any point in this graph, whereas with still images 
we only get data for a single point in time on this graph.

Recorded max temp

Thermal anomaly due to scarring from a boat strike injury 

High contrast color palette applied shows whale 
pushing cold water out of its mouth after a feeding 
dive. Open blowhole is also visible. 

Hot spots on the dorsal fin and surrounding area

By recording radiometric video of entire surface intervals we can analyze 
precise moments in the exhalation process. Exhalations and dorsal hot 
spots clearly visible as temperature spikes against constant ocean surface 
temp. Can also determine time between breaths and length of breaths.

Exhalation

Exposed dorsal 
hot spots

Ocean surface
(whale underwater)

Exhalation

Temperatures

Calculated temperatures are not real temperatures. 
The goal was to compare measurements between 
whales and investigate further those with higher 
temperatures. Emissivity was assumed to be 1 for all 
measurements. 

Results and Discussion

Measurement criteria
● Blowhole in center 30% of frame
● Camera pointed straight down
● Measurement field of view of 10 x 10 pixels
● Clear of blow, splashing, breaking waves 

(verified with side by side 4k visible video)

Program ID 826

Map of flight operations, Gulf of Maine

Ocean Alliance HQ

Infrared (Thermal) Cameras
● Cannot penetrate water
● Measure heat not temperature
● Low cost infrared sensors (microbolometers) have 

accuracy of ±2C at best in controlled environment

Several factors can influence the amount of infrared 
radiation the camera sensor detects, such as a 
surface’s absorptivity, reflectivity and emissivity. 
Environmental factors such as water over a whale’s 
blowhole can affect these surface properties and make 
it more difficult to calculate accurate temperatures. 
Emissivity also changes with viewing angle, and the 
farther the target is from the center of the image the 
greater the focal plane’s effective angle is to the target.

METHODS

Data Collection
● Using Zenmuse XT2 camera, visible and 

radiometric video was recorded simultaneously
● 48 data collection flights conducted
● 300 samples obtained
● 163 samples  met  measurement criteria
● 10 whales were sampled (all humpback)
● 9 sampled whales were ID’d

Methods
Data Collection
Using Zenmuse XT2 camera, visible & radiometric 
video was recorded simultaneously

No. of data collection flights 48

No. of samples obtained 300

No. of thermal measurements extracted 163

No. of whales (Megaptera novaeangliae) 10

No. of sampled whales identified 9

Blowhole Anatomy
What’s in a blowhole?
We conducted examinations of the blowhole and 
nasal apparatus of stranded humpback and minke 
whales to answer three questions:
1. What structures and tissue types are visible 

when we peer into a whale’s blowhole?
2. Are these locations viable for the measurement 

of internal body temperature of large whales?
3. What is the optimal angle at which to aim a 

camera to collect thermal images of inside whale 
blowholes?

We removed the blowhole and nasal apparatus 
from stranded whale specimens and brought them 
into the lab for detailed dissection and imaging. 
The minke whale sample was 3D imaged with an 
MRI to create a high-resolution reconstruction.

Above: Magnetic resonance images of 
the anatomical specimen of the 
blowhole region from a minke whale 
(Balaenoptera acutorostrata). a shows 
the open (right) and closed (left) 
blowholes. b shows positions of nasal 
plugs underneath the blowholes.
Left: Dorsal view of blowhole similar to 
drone point of view

Blowhole Anatomy
1. What structures and tissue types are visible?
2. Are these locations viable for the measurement 

of internal body temperature of large whales?
3. What is the optimal angle to aim a camera to 

collect thermal images of blowholes?
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Visible and radiometric video stills of humpback whale 
(Megaptera novaeangliae) blowhole. High contrast color 
palette on radiometric image shows high temperatures 
looking down nasal passage, and cooler temperatures 
on outer walls of blowhole
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