
Abstract
Undergraduate students in introductory biology courses often struggle to visualize and

understand the process of evolution in complex organisms. The slow and gradual nature of
evolution makes it challenging to design laboratory activities that allow for direct observations of
evolutionary change, especially in higher taxonomic groups. In order to help students understand
these difficult concepts, our department has designed and refined a set of labs involving direct
specimen observations and cladogram construction. These lab activities allow the students to view
both extant and extinct species, visualizing structural similarities and differences first-hand. Groups
of specimens include flowers from extant angiosperms, extant vertebrate skeletons, fossils of
extinct plants and animals, and skulls of extinct and extant hominins. Faculty teaching the course
can select the sets of specimens that work best for their individual approach.

In each of the labs, students observe the specimens closely while working in a group. With
guidance from the instructor, students select physical traits that are evolutionarily significant. These
traits are described and quantified, then mapped onto a similarity matrix. The students use their
observations to build cladograms showing possible evolutionary relationships. Through this close
observation and cladogram building, they are able to directly observe evolutionary similarities and
differences between species from disparate taxonomic groups. In addition, the students learn about
the pitfalls and limitations of morphological observations in determining evolutionary relationships.
The ability to repeat the process using different specimens allows students to hone their skills in
taxonomic analysis. By the time students reach the final lab (hominin skulls), they are able to
independently identify characteristics that are evolutionary significant, measure relative traits
appropriately, and are adept at building cladograms. In our experience, students find this set of labs
very engaging. They are able to visualize evolutionary change while applying concepts previously
learned in lecture.
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Following the successful completion of the first lab, students are introduced to the
more complex structures found in vertebrate skeletons. Unlike the flower lab,
students are permitted to pick which specimens they want to focus on and are able to
select features that they think are evolutionarily significant. Students are giving tools
to measure and given time (two lab periods) to make these close observations. Once
they’ve gathered the data, they use similarity matrices to build cladograms. In an
expansion of the concepts that are covered in the first lab, they don’t just map the
evolutionary relationships, but also are asked to hypothesize when these features
evolved along their cladogram. They also must discuss the strength or weakness each
feature had in the construction of the cladogram. Students are asked to consider how
concepts such as convergent evolution, parallel evolution, and evolutionary reversals
might have played in the accuracy and confidence they have in their final cladogram.

Results and Discussion:
At the conclusion of this lab series, students have made notable progress in understanding
evolutionary concepts, as well as shown marked improvement in their ability to construct accurate
cladograms based on observation. Preliminary data from 2021 and 2022 semesters showed that the
average score on later labs in the series was higher than the earlier labs, suggesting that students
did improve.

While the cladograms do not always represent the evolutionary relationships that are supported by
a mix of morphological and molecular data, the students are able to draw direct lines between their
observations and their hypothesized relationships. Further, the students recognize the limitations in
drawing evolutionary conclusions from morphological observations and gain a deeper
understanding of the processes that shape evolutionary change.

The figure to the left represents an example of a student cladogram and character matrix that
demonstrates mastery of these concepts.

Example Student Assignment

This optional lab, if utilized, usually appears between the
flower and vertebrate skeletons. This lab reenforces
many of the concepts that are covered in the other labs,
while giving the student a chance to understand the
vastness of the time scale upon which evolution acts. It
also allows students to consider the limitations that exist
on determining evolutionary relationships from very old
and very incomplete samples. Unlike the first two labs,
the evolutionary relationships between the fossil
specimens cannot be tested using molecular techniques.
The use of this lab can also setup students for looking at
extinct species in the final lab that focuses on hominid
skulls

Methodology and Data Collection:
Each lab follows the same basic format, although later labs build and expand upon concepts that were covered in earlier labs. The labs can be completed in any order, but generally follow the timeline below:

Flowers

Early angiosperm evolution represents a time period of rapid
diversification (Eriksson, 2016). Flowers have unique structures that
are both easily identified by non-experts and have enough differences
between species to allow for students to make clear groupings. These
differences can be used to build a taxonomic cladogram. This is
typically the first introduction the students have to taxonomy. By
guiding the students to significant features, they can determine
evolutionary relationships between species. In this first lab, students
are introduced to close observation, taxonomic concepts, and use
simple similarity matrices to build cladograms. Because angiosperm
evolution of these species is well understood and lines up with
observable features, students are able to build confidence in their
ability to determine evolutionary relationships.

SkullsVertebrate Skeletons Fossils (optional lab)

Future Directions:
In upcoming semesters, we plan to quantify these observations by implementing a review of
cladograms from different time points in the semester, along with student surveys to assess
student feelings of competency and understanding of evolutionary concepts.

The final lab of the semester involves looking at hominid skulls- these include the
skulls of extant members of the Great Apes, along with casts of extinct hominin
specimens. Due to the closer evolutionary relationships between these specimens,
student are required to use their newly acquired skills of close observation and
apply what they learned in earlier labs in regard to which traits are evolutionary
significant. The students again select from a variety of specimens and features to
observe. With instructor guidance they make measurements and observations
about the features and weigh the evolutionary significance of these features. The
final assignment of the semester include elements from all previous labs. This
assignment is the culmination and application of their work in taxonomy and
evolutionary concepts.
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