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Part I: Pre-activities for the classroom 
 
Science Background 
 
Animal behavior can commonly be described as the response (action or inaction) of whole living 
organisms to internal or external stimuli (although the precise definition is hotly debated among 
scientists1). In order to survive, species must be able to react to dynamic environments.  Even 
single-celled organisms need to find sources of energy, whether via consuming other organisms 
or through photosynthesis.  In order to find prey, or to find the best light source, these organisms 
utilize basic biochemical reactions to navigate their environments to stay within safe parameters 
of light, temperature, salinity, pH, etc.  If the species is unable to move to a new environment, it 
must adapt to the local environment or face extinction.  Larger, multi-cellular animals display 
more complex behaviors because they are exposed to (and composed of) more complex and 
dynamic systems.  Behaviors, ranging from simple innate reflexes to learned conditioning, assist 
animals in navigating their environments.     
 

The scientific study of animal behavior is called ethology.  Animal behaviors can generally be 
lumped into one of two categories: innate or learned behaviors.  Innate behaviors are sometimes 
described as “instinctive” and include reflexes (eg., taking your hand away from a hot stove), 
orientation behaviors (eg., moving towards or away from a light), and fixed action patterns.  
These behaviors are unchanging, usually very brief, do not require teaching, and are genetically 

Figure 1. An example of the simple gill and 
siphon withdrawal reflex in an Aplysia 
californica.  Reflexes are basic, innate behaviors 
that often protect vital organs (like the gills).  If a 
probe touches the body of the Aplysia, the gills 
and siphon are immediately pulled inside the 
body cavity to protect them from potential 
danger2.   



 2 

coded.  Innate behaviors often deal with situations 
dealing with escaping danger or protecting the body.  
Learned behaviors include habituation (eg., you 
ignore the humming from your computer as you 
work), conditioning (learning to associate two 
unrelated objects, like a red light mean stop), and 
imprinting.  Usually, an animal must observe one of 
these behaviors in order to demonstrate it and the 
behavior can alter with the animal’s experience.  
However, most animal behaviors do not fall neatly 
into these two categories.  Complex behaviors have 
characteristics of both innate and learned behaviors, 
muddling the line between genetic and environmental 
influence. 
 
The nervous system (brain, spinal cord and peripheral 
nerve cells), is what allows animals to coordinate a 
behavior in response to its related stimulus.    The 
study of how the brain interacts with and is shaped by 
the environment is called neuroethology.  
Environmental stimuli can range from a feeling of 
hunger to hearing a rainstorm approach.  In order to 
gather information from these environmental cues, animals’ nervous systems have developed 
many different types of specialized sensory cells that transduce environmental information; that 
is, they convert environmental stimuli into electrical or chemical signals that the brain can 
process.  These sensory cells can generally be classified into six general groups: visual (sight), 
auditory (hearing), gustatory (taste), olfactory (smell), somatosensory (touch), and vestibular 
senses (spatial awareness). After processing information about the environment, the central 
nervous system is able to coordinate physiological or behavioral responses accordingly. 
 

Figure 2 Ethogram of squid mating behaviors.  
Ethograms may include written descriptions of 
behaviors, or illustrations and video footage 3. 

Figure 3 Resident dolphin Boris participates 
in a hearing measurement using AEP 
methods.  Suction cups fitted with 
Electroencephalogram (EEG) sensors allow 
for the monitoring of neural activity in 
response to a sound stimulus. 
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To record animal behaviors, ethologists use ethograms, 
which are detailed inventories of animal behaviors.  An 
ethogram should be an objective description of an animal’s 
behavior without subjective guessing about the animal’s 
intent.  Ethograms may contain written descriptions of 
behaviors, pictures, or short video clips with enough detail 
so that other researchers can also record and examine those 
particular behaviors.  Ethologists also use time budgets and 
actograms to describe behaviors.  A time budget is similar 
to an ethogram, but includes records of how long an animal 
performs each behavior.  Time budgets can tell you how 
animals prefer to conserve or use energy (eg., a cat will 
spend most of its time sleeping, while a horse will spend 
most of its time grazing).  Actograms (activity graphs) are 
frequently used by ethologists who study circadian 
rhythms, or the daily cycles of behaviors.   Actograms 
chart when an animal is active during normal light/dark 
cycles or during of constant light or darkness.  Marine 
animals often time their behaviors to sync with annual 
seasons, changing tides or the phases of the moon.  
  

Neuroethology research at the Hawaiʻi Institute of Marine Biology 
Drs. Paul Nachtigall, Whitlow Au, and Marc Lammers, who are part of the Marine Mammal 
Research Program (MMRP) at HIMB, study the acoustic sensory system of a variety of marine 
mammals and also work to develop technologies used to better understand sound production and 
perception by these animals9. Among numerous other things, researchers at the MMRP study 
hearing and echolocation of dolphins and small whales, patterns of humpback whale chorusing, 
social acoustics of Hawaiian spinner dolphins, and the detection and characterization of the 
bioacoustics of several other marine organisms. The MMRP is also investigating the effects of 
underwater anthropogenic noise such as Navy sonar on marine mammal physiology, in an effort 
to better understand and possibly prevent the stranding of marine mammals. 
 
Several graduate students working in the laboratories of Drs. Kim Holland and Timothy Tricas 
have extensively studied the sensory systems of local shark species in an effort to better 
understand the behaviors of these threatened animals.   These labs are using behavioral and 
neurophysiological tests to explore the senses of the sandbar shark and scalloped hammerhead 
shark.  One project is focusing on how sharks are able to detect weak bioelectric fields and how 
specialized groups of electroreceptors within specialized pores on the head of the shark are able 
to control specific hunting action patterns.  Another project is compiling evidence for the 
location of magnetoreceptors in the hammerhead and examining how sharks might use the 
Earth’s magnetic field for navigation.  A third project details the affects anthropogenic pollutants 

Figure 4 Actogram (activity graph) 
showing the daily swimming patterns of a 
C) zebrafish and D) a cave fish.  The 
zebrafish shows a clear diurnal swimming 
pattern (more activity when lights are on, 
as shown by the white bars under the fish 
picture).  The cave fish, however, lacks 
eyes, and cannot set its behavioral 
rhythms to a normal light cycle 4. 
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on the ability of sharks to smell.  Because of its unique morphology, which stretches the sensory 
systems over a large surface area, the hammerhead shark presents a valuable model for 
examining how sensory systems help animals to navigate and hunt in changing environments.   

   
  

Figure 5 Example of video image and 
measurements taken to quantify orientation 
behaviors in a simulated bioelectric field.  
One of four dipoles was activated at a time 
on an acrylic plate as the sharks searched for 
food.  The distance of the shark from the 
center of the dipole field (r) and the approach 
angle in relation to the dipole axis (θ) were 
used to calculate the field strength at the 
point where the shark initiated an orientation 
behavior. 
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Classroom Laboratory 
Background research 
Researchers do a considerable amount of preliminary investigation by reading previously 
published results in order to become informed of the latest information on a particular topic area. 
There is already a considerable amount of information available and accessible on the internet. 
Students should conduct their own research on the Hawaiian bobtail squid (Euprymna scolopes) 
and be able to describe the general lifestyle and habitat of the squid.  An understanding of the 
squid’s natural environment will help the students predict the type of behaviors they might see at 
HIMB.  
 
Activity 
The students should also become familiar with recording observed behavior in the form of an 
ethogram.  Ethograms are the keys ethologists use to describe animal behavior in a universally 
relatable way that can be readily utilized by other researchers.  Usually in the form of a simple 
table, ethograms list the name of the behavior in one column, and have the description of the 
behavior in another.  Human behavior is readily available for observation, but students 
sometimes find it hard to break behaviors down into descriptive motor patterns.  This exercise 
will demonstrate how the students should use an analytical eye when examining and recording 
animal behavior, including their own! 
 
1)  The first part of the exercise will demonstrate the importance of clarity in writing an 
ethogram.  The students should break into groups of four, and pretend they have discovered the 
Borites, a new human society with previously unrecorded social behaviors.  The students should 
come up with a name for a new behavior (eg., “looping”) and then write a brief description of 
that behavior (eg., “a hand motion used by Borites while talking in which the fingers of each 
hand are touching at the tips, and one hand rotates clockwise around the other”).  Once a group 
has finished writing their behavioral description, they will exchange their ethogram with another 
group.  Each group will attempt to act out the behaviors described in the ethogram from the other 
group.  If the acted behavior is not what the original students envisioned, they can try to edit their 
description to give better directions to their classmates.  It may take a couple rewrites to get the 
description to the point where another student research team will know exactly what kind of 
behavioral pattern is being described. 
 
2)  Next, the students should take turns observing each other during a “human greeting and 
departure behavior.”  During the activity, the students should switch between being the 
“subjects” and the “researchers.”  The subjects will have a quick (about one minute) interaction 
that includes a greeting, an inquiry or two (eg., “How are you?”), and then a departure as if they 
met briefly in the hall.  The researchers will take notes that they will turn into an ethogram.  Each 
researcher should focus on a single subject, and if possible, use a stopwatch to estimate how long 
each behavior lasts.  An example ethogram set-up is below: 
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TIME BEHAVIOR OF STUDENT A PHASE 
3 seconds Student A waved right hand, smiled, and called 

Student B’s name 
Greeting 

10 seconds A responded to B’s question, put her hands in 
her pockets, and shifted weight to left leg. 

Socializing 

5 seconds A laughed in response to B’s joke. 
 

Socializing 

15 seconds A asked B a question and while talking moved her 
hands in a circle with open palms 

Socializing 

10 seconds A smiled again and nodded her head to B’s 
farewell comment. 

Departure 

3 seconds A turned left shoulder away from B and again 
waived her right hand as she began walking away. 

Departure 

 
 
The students should first take turns observing the subjects greeting each other while standing 
within about an arm’s reach of each other.  The researchers should pay close attention to what 
they say, their facial expressions, and how they are standing.  Are they smiling?  Where are they 
looking?  Are they holding their arms crossed across their chest, or are they open for a 
handshake?  Next they should observe the subjects greeting each other from opposite ends of the 
classroom.  How does their behavior change?  Do they cup their hands to their mouth to carry 
their voice?  Do they wave hello or goodbye?  The students can then compare notes with their 
classmates.  Does the interaction differ if between students of the same or opposite sex?  Do men 
and women interact the same way?  Does the familiarity of the subjects with each other have an 
affect on their interactions? 
 
What to expect during the field trip day 
Using these basic tools such as a camera and stopwatch, you will be conducting both 
observations as well as hypothesis driven experiments in order to gain insight into motor patterns 
and behavior using the Hawaiian Bobtail Squid.   
 
 
Please bring a copy of this lab with you to HIMB. 
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Part II: Field Trip Day to HIMB 
 
Introduction 
Today you will be creating ethograms for a cephalopod native to Kāneʻohe Bay: the Hawaiian 
bobtail squid.  The Hawaiian bobtail squid (Euprymna scolopes) is a small, benthic (bottom 
dwelling) squid that is most frequently found in shallow waters throughout the Hawaiian 
archipelago1. Adults average 2.5 cm in mantle length and rely on several escape behaviors to 
avoid predation1,2.  E. scolopes are nocturnal hunters and prey on various species of crustaceans, 
annelids, and fish1. During the day, the squid bury themselves in substrate (bottom debris 
composed of sand, calcium carbonate, and other substances), making it difficult to see them from 
above.  These squid possess chromatophores that allow them to change color and body patterns 
in order to better blend in with their environments2,5.  Additionally, when stressed, E. scolopes 
will sometimes emit a blob of ink that is similar in size to its own body. They then change color 
to make it difficult to be seen by a nearby predator or use jet propulsion to escape in hopes that 
the ink blob will act as a decoy 5,7,2. 
 

While the squid’s variable and 
unpredictable changes in appearance, 
posture, and movement are very 
effective escape mechanisms, perhaps 
the most fascinating, and certainly most 
well researched defense mechanism, 
involves their ability to emit 
bioluminescence. E.scolopes has a 
symbiotic, or mutually beneficial, 
relationship with the bacteria Vibrio 

fischeri. V. fisheri thrive while 
occupying the light organ on the 

Hawaiian bobtail squid because they have a healthy supply of nutrients to support rapid growth 
and the squid’s immune system protects them other microbes that could potentially compete for 
their resources. E. scolopes benefits from the bacteria’s presence because it gains the ability to 
use counterillumination to camouflage itself in the open water. Counterillumination is achieved 
by using the light organ to match the light that comes from sources, such as the stars or moon, 
above the water.  
   
To assist you in your science based inquiry of ethology, there are a number of guiding questions 
that you should think about in developing the hypotheses you want to test while at HIMB. The 
listed questions are to assist you in developing testable hypotheses, which forms the basis for the 
next set of activities. An example of how a null hypothesis is derived and how to test it is 
available in the Appendix. 

Photo by Kyle Landers 
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Guiding Questions 
In groups of four develop a single hypothesis, one that you are interested in exploring, after 
thinking about the following questions: 
 
 

• Can the squid learn over time?  Will its reaction time to the same stimulus get faster and 
faster? 
 

• How can you determine if a behavior is defensive or aggressive?  
 

• Will all animals react to the same stimulus the same way?  Will one animal react the 
same way in each experiment?  How might size of the animal affect burying or hunting 
rates and success? 

 
• What senses are most important to nocturnal animals, like the bobtail squid?  How can 

you determine if the squid is aware of changes to its environment?   
 

• What factors might influence the squid to change the color of its chromatophores, or to 
use its light organ? 

 
• Do squid see the same colors that humans can? 

 
 
Tools Available 

• Laptops 
• Digital cameras with camcorder function 

 
Materials to bring 

• Pen/pencil 
• Paper/notebook for collecting data 

 
Materials Available 

• Hawaiian Bobtail Squid 
• 2.5 gallon glass aquaria 
• Small nets 
• 500mL beakers 
• Red, black, and white aquarium rocks 
• Sand 
• Black plastic mesh 
• Rulers 
• Live shrimp and dried shrimp or fish food 
• Quicktime computer program 
• ImageJ computer program 
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*Please note* - The Hawaiian bobtail squid is seasonally available, and there might not be 
enough squid available for each table of students.  In this case, other active invertebrates are 
provided or collected for the students to use in their experiments.  The methodology with all 
animals would be the same. 
 
Exploring the data (data processing and organization) 
 

A) For each behavioral trial recorded, you should be able to compose an ethogram and/or 
time budget of the squid’s behavior using Quicktime for frame-by-frame analysis. 

B) You will generate ethograms for the entire time interval you recorded, and can pause 
videos to exam behavioral differences between trials or between individuals performing 
the same behavior. 

 
What to do with data back in the classroom 
When you return to your home classroom after your visit to HIMB, you will need to begin the 
process of analyzing your data. You will compare results, discuss your hypotheses, make 
conclusions, and reflect on the importance of your findings. 
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Part III: Post-activities back in the classroom 
 
Step by step analysis 
Begin class with a general discussion of your experience at HIMB. Were you prepared for the 
lab exercise and able to complete the activity? Did you enjoy your time there? Now begin to 
discuss the subject matter: 
  
A) Were your hypotheses supported by the data?  Did all the animals exhibit some response to 
your stimuli?  Did the animals behave how you expected them to? 
B) Did all the animals respond with the same behaviors?  Were certain actions always performed 
in the same sequence?  Did some squid spend more time on a certain behavior than another 
squid?  Did male and female squid, or squid of different sizes behave similarly? 
C) Do your findings influence the way you view the ocean?  Do your findings influence the way 
you view animal behavior in general?  
  
Lab report 
For your laboratory exercise at HIMB, you will be expected to eventually produce an in-depth 
laboratory report including the following independent sections: 
  
·  Title: summarize the entire experiment in several words. 
  
·  Introduction: in one half to three-quarters of a page describe the subject of neuroethology... 
  
·  Hypothesis: based on your background knowledge of ocean acoustics and the information about 

what tools are available in the lab at HIMB, describe the hypothesis you tested. 
  
·  Materials and Methods: develop and describe, in detail, the experiment you conducted to test 

your hypothesis; include all of the materials you used to complete it as well. 
  
·  Results: compile your data and express them visually and where appropriate in graphs, tables, or 

figures. 
  
·  Discussion: analyze your data in essay form; discuss the results, emphasize what did and didn’t 

work, and propose a new experiment or changes to your original experiment which may help 
explain the results. 

  
·  Conclusion: in a paragraph or so, summarize your results and make concise conclusions about 

them; also include a sentence or two conveying your general conclusions about your results in 
the context of neuroethology in the ocean and why sensory systems are important to life in the 
ocean.  
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Relevant Hawai‘i Common Core State Standards and  

Content and Performance Standards III 

SCIENCE 

SC BS.4.2: Explain how cells are specialized into different tissues and organs 

SC BS.5.2: Explain the theory of natural selection 

SC BS.1.1: Describe how a testable hypothesis may need to be revised to guide a scientific 
investigation 

SC BS.1.2: Design and safely implement an experiment, including the appropriate use of tools 
and techniques to organize, analyze, and validate data 

SC BS.1.3: Defend and support conclusions, explanations, and arguments based on logic, 
scientific knowledge, and evidence from data 

SC BS.1.4: Determine the connection(s) among hypotheses, scientific evidence, and conclusions 

SC BS.1.5: Communicate the components of a scientific investigation, using appropriate 
techniques 

MARINE SCIENCE 

SC MS.1.1: Describe how a testable hypothesis may need to be revised to guide a scientific 
investigation 

SC MS.1.2: Design and safely implement an experiment, including the appropriate use of tools 
and techniques to organize, analyze, and validate data 
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SC MS.1.3: Defend and support conclusions, explanations, and arguments based on logic, 
scientific knowledge, and evidence from data 

SC MS.1.4: Determine the connection(s) among hypotheses, scientific evidence, and conclusions 

SC MS.1.5: Communicate the components of a scientific investigation, using appropriate 
techniques 

SC MS.5.1: Explain how adaptations help animals survive in a marine environment 

MATH 

N.VM.3: Solve problems involving velocity and other quantities that can be represented by 
vectors 

S.ID.2: Use statistics appropriate to the shape of the data distribution to compare center (median, 
mean) and spread (interquartile range, standard deviation) of two or more different data 
sets 

S.ID.3: Interpret differences in shape center, and spread in the context of the data sets, 
accounting for possible effects of extreme data points (outliers) 

S.ID.4: Use the mean and standard deviation of a data set to fit it to a normal distribution and to 
estimate population percentages.  Recognize that there are data sets for which such a 
procedure is not appropriate.  Use calculators, spreadsheets, and tables to estimate areas 
under the normal curve. 

MA.PA.9.1: Represent a variety of patterns (including reverse patterns) with tables, graphs 
(including graphing technology when available), words, and when possible, symbolic 
rules 
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Appendices: 
I.  Photographs of A. male and B. female Hawaiian bobtail squid, Euprymna scolopes.  Photo 

credit: Kyle Landers 
 
 

A.                    B.  
 
 
II.  An example of how to phrase a hypothesis and materials and methods section 
 
The following section describes an EXAMPLE of a possible hypothesis and experiment you 
could conduct at HIMB.  By reading through this example, you will also get a better sense of 
how to use the tools available in the lab.  Your experimental design must be DIFFERENT from 
this activity, and must directly address your hypothesis.  The techniques and tools described in 
this experiment are the same ones you will be using, but you must come up with your own 
question and your own way to answer it. 
 
Hypothesis (EXAMPLE): 
A) If a large squid and a smaller squid are each fed a shrimp of the same size, then the larger 
squid will capture a shrimp faster because its tentacles are longer. 
 
B) If a squid is presented with a shrimp enclosed in a glass vial and a shrimp enclosed in an 
opaque vial which both allow the smell of the shrimp to escape, then the squid will attack the 
shrimp in the glass vial because bobtail squid rely on their eyesight to orient-to and catch prey. 
 
Methods (EXAMPLE): 
A) Exposure of different size squid to prey item 
 
1. I collected two of the laboratory Hawaiian bobtail squid and measured their mantel 
lengths.  Both squid were female.  One squid measured 4cm, the other measured 2.2cm. 

2. I placed the squid in separate, 2.5 gallon plastic aquaria filled with filtered seawater. 
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3. I used a small net to collect two shrimp from the shrimp aquarium.  I used a ruler to make 
sure the shrimp were both 1.5cm long from tail to rostrum.  

4. I placed a metric ruler along the bottom of each aquarium, and placed an Olympus digital 
camera next to the tank with the large squid to record its behavior.  I turned on the camera, and 
hit the record button. 

5. Once the timer on the recording camera hit 5 seconds, I gently placed one of the shrimp 
in the tank, and recorded the squid’s behavior for 5 minutes.  During the recording, I also wrote 
observations in my notebook of what the squid did. 

6. After 5 minutes, I stopped the recording, and then repeated the procedure for the second 
squid. 

7. Once finished, I carefully returned both squid to their home aquaria and cleaned all the 
equipment that had been in salt water.  

8. I then downloaded the files containing my data from the camera onto a Macbook laptop.  
Once downloaded, I opened the files with Quicktime and began to construct an ethogram of 
hunting behavior and analyzed my data. 

 
B) Exposure of squid to shrimp in different containers 
 
9. I collected one of the laboratory Hawaiian bobtail squid and measured its mantel length.  
The squid was male and measured 3.2cm. 

10. I placed the squid in a 2.5 gallon plastic aquarium filled with filtered seawater. 

11. I used a small net to collect two shrimp from the shrimp aquarium.  I used a ruler to make 
sure the shrimp were both 1.5cm long from tail to rostrum.  

12. Once measured, I placed one shrimp in a small glass vial and the other shrimp in an 
opaque plastic vial.  Both vials were sealed with black plastic mesh and a rubber band to allow 
the flow of water, but preventing the shrimp from escape. 

13. I placed a metric ruler along the bottom of the squid aquarium, and placed an Olympus 
digital camera next to the tank to record the squid hunting behavior.  I turned on the camera, and 
hit the record button. 

14. Once the timer on the recording camera hit 5 seconds, I gently placed both of the shrimp 
vials in the tank, opposite the squid, and recorded the squid’s behavior for 5 minutes.  During the 
recording, I also wrote observations in my notebook of what the squid did. 

15. Once finished, I carefully returned the squid to his home aquaria and cleaned all the 
equipment that had been in salt water.  
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16. I then downloaded the files containing my data from the camera onto a Macbook laptop.  
Once downloaded, I opened the files with Quicktime and began to construct an ethogram of 
hunting behavior and analyzed my data. 

 
 


