Designing an Authentic Behavioral Research Experience in the Classroom

MOTIVATION

Recently there have been major shifts in biology education towards
emphasizing the scientific process to more closely reflect actual scientific
practices. Creating an authentic research experience that appropriately
scaffolds the development of these complex skills remains challenging in
classroom settings. Common challenges include limited time available for
working with large numbers of students, cramped working areas, and
limited funding and materials resources. Using the Siamese Fighting Fish,
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OBSERVING AGGRESSIVE DISPLAYS IN BETTAS AT
LOW (27°C) AND HIGH (30°C) TEMPERATURES

When two male bettas see one another, they typically begin an
aggressive territorial display characterized by flaring (opening gill plates
and spreading fins). We were interested in behavioral differences at
different environmental temperatures. Twelve blue male veil-tail bettas
were housed individually in the housing system shown in Figure 2. Animals
were visually isolated from one another outside of test sessions.
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CONCLUSIONS

e Bettas at 30°C took on average 6.7 more surface breaths than bettas at
27°C during a 10 minute aggressive interaction.

* Individuals displayed unexpected variation in behavior patterns
compared to other bettas (“running away” vs “vigorous flaring, limited
tail beating” vs “vigorous flaring and tail beating”) and were consistent

: : : across trials, opponents, and temperature.
or Betta splendens, we have created an economically viable authentic

animal behavioral research experience that is emotionally and
intellectually engaging while emphasizing the development of skills
critical to the scientific process. Students will work collaboratively in pairs
and as a class to perform novel research investigating the relationship
between temperature and surface air breathing behavior of Betta
splendens. This basic animal model can be easily adapted to incorporate
student creation of novel questions and student-driven design of
experiments to address those questions.

s Figure 3 (left). Measuring Bettas. Standard and
- Total length (cm) of each betta was used to size-

 match sparring partners.  Bettas that consistently ran away took few surface breaths at both low
and high temperatures.
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CENTIMETERS

* Among bettas that vigorously flared during encounters, those that

were heavy tail beaters were also more likely to take more surface
oreaths, while those that did not tail beat often were less likely to
oreathe at the surface. Both types increased frequency of surface
oreathing at higher temperatures.

DISCUSSION

Figure 4 (right). Experimental Set-up. Containers of
combatants were removed from the water baths and
placed next to each other on the table for observation.
Temperature of each container was recorded prior to
removal of visual barrier. Every encounter was tallied in
real time and video recorded. Containers were placed
back into the water bath after the contest was observed.
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Experimental Results

Like most fishes, bettas are ectothermic and are entirely dependent on
the surrounding temperature. As the temperature of the water increased,
bettas that were actively engaged in aggressive displays also increased in
the number of surface breaths. Bettas are facultative air breathers and can
utilize gaseous oxygen. This increase in surface breathing at higher
temperatures may be linked to higher metabolic demands during
aggressive displays in warmer water.

Science and its constituent skill
sets, while the less common
theme emphasized creation of
novel research questions.

Presentation
Publication

Data analysis

Figure 5 (left). Surface Air Breathing. Bettas can obtain
oxygen from the air via surface breathing. Here the betta in
the front has just taken a breath at the surface while
displaying to an opponent. The leftover air bubble clinging
to the surface of the water is circled in red.

SETTING UP BETTAS IN THE CLASSROOM

Housing for Bettas must be safe, space-saving, cost-effective, support
maintenance of animal well-being, be easy to manipulate for different
testing conditions, and facilitate clear observation of animals during
experimentation and data collection.

Interestingly, individual bettas showed surprising variation in behavior
during aggressive contests compared to their peers. Out of the 12 bettas
tested, 2 showed consistent avoidant behavior and ran away from their
opponents. These bettas had no significant difference in the number of
surface breaths at low or high water temperatures. There were two
different types of aggressive bettas: limited tail beaters and tail beaters.
Bettas that tail beat often during contests also took more surface breaths,
perhaps because tail beating is energetically taxing.

EXPERIMENTAL RESULTS
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