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Background Information: 
● The Bottlenose Dolphins belong to: 

○ Class: Mammalia 
○ Order: Cetacea (whales, dolphins, and porpoises) 
○ Suborder: Odontoceti (toothed whales) 
○ Family: Delphinidae (oceanic dolphins) 
○ Genus: Tursiops 
○ Species: Tursiops truncatus 

● They can range in size from ~6.6 ft-13.1 ft in length and can weigh ~3330 
lbs-1.430 lbs 

● Sexual maturity ranges from 5-14 years of age 
● They use echolocation to navigate through the water column and capture prey 
● Found in temperate, tropical, and subtropical oceans worldwide 
● Migratory and social species 
● Males are usually larger than females 
● Electroencheplograms (EEG) measure brain waves and electrical activity of the 

brain 
● A previous study mentioned in this research suggested dolphins alternately 

sleep with one eye open in order to always be on alert, but this study was never 
supported by EEGs (Ridgway, 2002). 

● Another study suggested this one eye open behavior as “cat-napping” and also 
noticed both eyes closed during passive sleep behavior at the surface, however, 
these observations could not be supported by EEG data either (Ridgway, 2002).  

● Ridgway conducts an experiment in this research study to provide more 
information about the curiosity of sleeping cetaceans. 
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Hypothesis / Purpose: 
● Hypothesis- Dolphin breaths are incompatible with phase three sleep (deepest 

phase of non-rapid eye movement (NREM)) of both hemispheres of the brain. 
● Purpose- To learn more information about behavioral sleep patterns and brain 

waves in bottlenose dolphins during recovery from anesthesia, during sleep, 
and during arousal from sleep.  

 
Experimental Procedures: 

● Implantations of the electrodes on or through the skull surface was required. 
The placement of the electrodes is indicated in Figure 2. 

 

● EEG waves were recorded and analyzed during recovery from anesthesia, 
during sleep, and during arousal from sleep 
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Results: 
● Recordings began while the 

animal was out of the water, 
awake with eyes open during 
recovery from anesthesia.  

● EEG readings showed 5-13 
Hz and at 40-90 μV and and 15-25 
Hz at up to 30 μV. 

● The EEG remained 
desynchronized during 
anesthesia recovery with no 
marked amplitude or frequency 
asymmetries detected 
representing the two hemispheres 
of the brain. This means that the 
rhythms of the brain waves were 
not the same in both hemispheres 
of the brain.  

● During sleep, EEG showed 
high amplitudes with slow waves 
and a respiration rate of about 

two breaths per minute.   
 
 

● The first instance of 
sleep was recorded after five 

hours in the screening room pool 
with the dolphin floating just next 
to the surface, blowhole out of the 
water and tail flukes pointed toward 
the bottom of the pool, right eye 
closed, left eye open.  
 

● EEG showed slow waves, 
2.5-6 Hz with an amplitude of 240 
μV. 

● Right hemisphere showed 
EEG readings more similar to being 
awake but with slower waves and 
frequencies of over 6 Hz.  
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● Two days later, sleep was observed again with the left eye closed, the animal 
was too close to the right wall for the right eye to be observed, so it is unknown 
whether it was open or closed.  

● The final brief experiment was conducted to determine if a lack of visual 
stimulation in one eye would result in changed brain waves.  

● An opaque, silicone cup was placed over the left eye for 20 minutes, then the 
right eye was covered for 20 minutes and then the left cup was removed and the 
right one remained on for another 20 minutes, totaling 40 minutes for each 
eye.  

● No slow waves were shown on the EEG as a result of taking away visual 
stimulation from either eye.  

 
Conclusion: 

● The study concluded that there is marked interhemispheric brain wave 
asymmetries in this species of dolphin. The results backed up this hypothesis  

● Findings of this study are in agreement with the studies that created the basis 
for this current experiment 

● Other experiments on different species of cetaceans, such as pilot whales, 
showed similar results as well.  

● Suction cup experiments showed that slow brain waves are not just a result of 
no visual stimulation in the closed eye.  

● The first study to suggest dolphins sleep one hemisphere at a time was 
conducted in 1964 and every study since, including this one, has supported this 
conclusion.  

● Dolphins, even when awake, show lower frequencies of brain waves than 
laboratory studies done on humans and other animals.  

● Slower brain waves with low frequencies usually means less activity, for 
example when a person is sleeping, they show slower brain waves with higher 
amplitudes.  

● Slow brain waves indicate lower activity levels, therefore the behaviors 
attached to slow brain waves are usually  lower activity behaviors.  

● Previous studies show that larger brains have slower waves and lower 
frequencies, which makes sense because dolphins brains are larger than 
humans. 

 
Broader Context: 

● Tinbergen- Causation and Function 
○ This study looked at causation because they wanted to know what caused 

one hemisphere of the brain to “sleep” while the other was “awake”  
○ This study looked at function because they referred to how this 

alteration during sleep would benefit from avoiding predators or other 
dangers. This was not what the study was measuring, but it is an 
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important next step in the research process to test why they alternate 
sleep in the hemispheres and that could be a hypothesis.  

● Big Picture  
○ This study can be extended to research on all cetaceans and marine 

mammals, adding to existing knowledge and learning new information 
about how these animals live their lives  

○ Better understanding of how to care for cetaceans in human care at zoos 
and aquariums  

○ Possible medical advancements for the treatment of human conditions, 
if scientists figure out how to make the brain alternate hemispheres 
during sleep  

 
Future Research: 

● Apply Tinbergen questions- Evolution and Development 
○ Look at the evolution behind sleeping behavior in dolphins by testing 

whether all dolphins or all cetaceans do this behavior and compare it to 
populations in the past 

○ Look at the development behind sleeping behavior by testing if this 
behavior is learned or instinctive  
 

Definitions: 
● Electrophysiology Study- tests the electrical activity of the heart to study 

abnormal heart beats. 
● Cetaceans- the order of marine mammals of Cetacea, including whales, 

dolphins, and porpoises.  
● Telemetry- the process of recording and transmitting of an instrument. 
● Cerebral hemispheric independence- emotional processes within the cerebral 

hemispheres can be independent of one another. 
● Optic chiasm- crossing of the optic nerves. 
● Echolocation- the use of sound waves projected by the melon of toothed whales 

and then receive sound waves through the lower mandible to locate objects. 
● Quiescent- state of inactivity or dormancy. 
● Contralateral hemisphere- pertaining to the opposite side of the brain in 

reference to the side of the body. 
● Ipsilateral hemisphere- pertaining to the same side of the brain in reference to 

the side of the body. 
● Corpus callosum- thick band of nerves -that connect the left and right 

hemispheres of the brain to allow communication. 
● Cortical- outer layer of the cerebrum. 
● Bilateral brain waves- associated with deep stage 3 of REM cycle (slow-wave 

sleep) 
● Barbiturate- sedative or sleep-inducing drug derived from barbituric acid. 
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● Subcutaneous panniculus carnosus muscle- striated muscles under the skin. 
● Respiratory excursion- contraction of the diaphragm. 
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