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The students’ next challenge is to work with their
groups to draw a map of the racecourse, complete with
check-in stations. While doing so, they must follow a
few simple rules:

1. All runners must complete the race. They cannot
stop part of the way down a path.

2. When the path branches, it only branches into
two new paths, never three or more.

3. Once two paths have branched off from one
another, they can never reunite.

4. Check-in stations are located along straightaways
between the branching points.

Preliminary Results:
Synapomorphy & Tree Topology 

Initially, many students believe that their task is too
difficult given the paucity of information provided.

Eventually, however, they get down to work and realize
that they can reconstruct the map rather easily. After
about ten minutes, each group has completed the task.
They then elect a representative to draw their complet-
ed map on the board. Each map looks slightly different
from the others, but I ask them to ignore that fact for the
moment.

After the class reviews the maps on the board, we
then re-evaluate the groups’ initial sorting of the cards.
At this point, students almost always prefer the division
of cards into square versus diamond, and will tell me
that it makes more sense, since these cards have a
shared history to them. All of the cards with a square on
them passed through the square check-in station.
Likewise, the presence of a diamond on the other cards
indicates a separate history passing by a different check-
in station. It is only now, when the students have
broached the subject of shared accumulated history,
that we begin to incorporate terms like synapomorphy,
clade, and cladogram into the exercise.  

It is also now that I point out to them that, while
their maps all look slightly different, the branching
orders are the same (see Figure 2 for an example). The
differences between the maps are differences in the
directions that the branches travel, not in the order of
the branches themselves. If I wanted to divide the cards
into nested groups (clades and subclades), we could fol-
low any of their maps and get the same results.

I use this exercise in two different courses — a mid-
level evolution course for biology majors, and a team-
taught scientific methods course for nonscience majors.
This exercise is easy to adapt to either type of course. In
the class for nonmajors, we typically stop with the sim-
ple eight-card exercise and discuss the utility of cladistic
methodology in biology, linguistics, and even econom-
ics. In the course for biology majors, the exercise con-
tinues to look at deeper evolutionary issues.

Digging Deeper: Homoplasy,
Homology & Parsimony

At this point I give my biology majors a ninth card
to think about, and I ask them to put this new card into
their cladogram. This ninth card (shown in Figure 3)
complicates matters because it requires students to infer
the possibility of homoplasy, the evolution of the same
character multiple times. The only way for them to
include this ninth card in the cladogram is if they have
two square check-in stations. 

This typically takes them a while. In their minds,
they have created a set of rules for this game. One of
these rules is that there is only one of each check-in sta-
tion. In biological terms, they have assumed that having
a square is a “homologous” character across all cards —

Figure 1. The eight index cards used in the first steps of the Great
Clade Race. At first, each group of students only needs to devise a way
to organize these cards into groups.Typical organization schemes
include squares versus diamonds, and number of shapes per card.


