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Abstract — The controversy over whether protist symbionts of Cryptocercus and termites were
inherited from a common ancestor or transferred secondarily has been long standing. We
present here the first phylogenetic test of these hypotheses and show that the transfer
hypothesis is better supported.

 1996 The Willi Hennig Society

Introduction

Ever since the discovery of the same flagellated protists (Oxymonadida and
Hypermastigida) in the digestive track of the wood eating cockroach Cryptocercus
punctulatus and the so-called “lower” termites, there has been a controversy over
the evolutionary origin of the symbionts3. Some studies assumed that the protists
were inherited in termites and Cryptocercus from a common ancestor (Cleveland et
al., 1934; Kirby, 1937; Hollande, 1952; Grassé and Noirot, 1959; Honigberg, 1970;
Bobyleva, 1975; Nalepa, 1984, 1988, 1994). Others argued that it was possible that
the symbionts originated in either the termites or Cryptocercus and were sub-
sequently transferred to the other taxon (e.g. Emerson, 1935, reviewing the study
of Cleveland et al., 1934). Hennig (1969) supported the transfer hypothesis. If the
symbionts were inherited from the common ancestor of both termites and Crypto-
cercus, having the flagellate symbionts would be an ancestral state. Because Hennig
considered xylophagy (wood eating) and the associated symbionts to be an evol-
utionary dead end, he concluded that it was not possible for this to be the ances-
tral state for the large and diverse group of Blattaria (i.e. cockroaches). Boudreaux
(1979) also supported the transfer hypothesis, by proposing that the possibility of
the geographical coexistence of the North American Cryptocercus punctulatus with
the ancestor of the termite Mastotermes produced the circumstances that made
transfer possible. His argument is weak, however, because he failed to take into
account the East Asian Cryptocercus and the other termites harboring protist
symbionts.

More recently, Thorne (1990, 1991) and Nalepa (1991) debated the relative
merits of the transfer and the inheritance hypotheses. Thorne (1990, 1991)

3The term symbionts is used here although the actual relationship between the flagellates and their
hosts is questioned (Slaytor, 1992).
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observed termites (Zootermopsis spp.) killing and consuming Cryptocercus punctul-
atus, and Cryptocercus killing and consuming termites. Assuming that the behavior
of present-day forms is the same as those in the past, she concluded that gut pro-
tists could have been acquired and transferred between termites and Cryptocercus or
their ancestors under natural conditions. Thorne (1990, 1991) assumes that this
transfer is a very old event and that Cryptocercus is a “living relict” showing primitive
characters reminiscent of earlier cockroaches.

Other authors disagreed with Thorne (Noirot, 1992; Nalepa, 1994; Hahn, 1995).
This view seems to be rooted in a preconceived idea of how evolution
proceeded—that is, symbiosis is a complex phenomenon and its convergent
appearance is consequently hypothesized to be less probable than a secondary loss.
Nalepa (1991) considered inheritance of the symbionts as the only probable
hypothesis. She argued that Thorne’s evidence was too circumstantial and that the
ancestors of termites and Cryptocercus might not have the same behavioral charac-
teristics as their descendants and that these ancestors did not necessarily encoun-
ter each other. She also pointed out that transfer between modern species of
related termites was extremely rare and concluded by analogy, that transfer
between Cryptocercus and termites would have been very unlikely.

The arguments of Thorne (1990, 1991) and Nalepa (1991) are speculative
because they are extrapolations of present-day processes. They cannot be endorsed
or discarded without further testing. Because the problem of the origin of sym-
bionts is clearly a historical question, inheritance of protozoan symbionts could be
studied in a phylogenetic analysis encompassing both insect hosts and protozoan
symbionts (Grandcolas and Deleporte, 1992). This phylogenetic perspective was
initiated by Hennig (1969) but, curiously, has not been considered since except by
Deleporte (1988). Thorne (1990) did not use phylogeny and only mentioned it
later (Thorne, 1991) as a framework in which all alternative hypotheses are more
or less equally plausible. We argue that the origin of protozoan symbionts in ter-
mites and Cryptocercus can be more precisely examined using phylogenetic analysis.
Although we cannot reconstruct details of the phylogenetic diversification of
protozoan symbionts and their insect hosts at this time, we can explore the possi-
bility of testing the alternative hypotheses—inheritance versus transfer—using an
available cladistic phylogeny of the blattarian hosts (Grandcolas, 1994).

Phylogenetic Test Of The Inheritance And Transfer Hypotheses

Patterns drawn from phylogenetic analysis can be used to test the validity of evol-
utionary hypotheses based on the study of processes (Coddington, 1988, 1990;
Carpenter, 1989; Brooks and McLennan, 1991; Mayden, 1992; Deleporte, 1993;
Grandcolas et al., 1994; Eggleton and Vane-Wright, 1994; Spence and Andersen,
1994). In order to apply such tests to the question of transfer versus inheritance of
symbionts in Cryptocercus and termites, it is first necessary to have reliable phylogen-
etic trees for the taxa involved. Although a phylogeny for the symbionts would cer-
tainly give insights into the details of the evolution of the symbiosis, the crucial test
comes from a phylogeny for the insect taxa. If one agrees that termites, mantids
and cockroaches are three monophyletic groups, the inheritance versus transfer
hypotheses can be tested by knowing the position of Cryptocercus. If there are many
nodes between Cryptocercus and termites on the phylogenetic tree of these taxa
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Fig. 1. Hypotheses of the origin of protozoan symbionts on the phylogeny of Polyphaginae
cockroaches. (a) The most parsimonious scenario for the transfer hypothesis requires two acquisitions.
(b) The most parsimonious hypothesis for the inheritance of symbionts from a common ancestor of
termites and cockroaches requires at least seven losses (shaded marks).
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(Dictyoptera and Isoptera), symbiont inheritance is not the most parsimonious
hypothesis because it implies many losses of symbionts.

Until recently, the phylogenetic position of Cryptocercus was not known although
it was often hypothesized to be the sister taxon to all other cockroaches
(Deleporte, 1988; Thorne, 1991; Thorne and Carpenter, 1992). A recent
phylogenetic analysis based on morphological characteristics changes this idea and
indicates that Cryptocercus is a member of the subfamily Polyphaginae within,
not sister-group to, the cockroaches (Fig. 1) (Grandcolas, 1993, 1994, 1996).
Cryptocercus is not a “living relict” representing the “base” of the Blattaria. More
importantly, its position indicates that the inheritance of symbionts is much less
parsimonious that the hypothesis of transfer of the symbionts. If the hypothesis of
transfer of symbionts is mapped on this tree (Fig. 1a), one transfer event must be
hypothesized. If the hypothesis of inheritance of symbiosis from the common
ancestor of termites and Cryptocercus is mapped on the tree, seven secondary losses
of the symbionts must be hypothesized (Fig. 1b). Because it is the less parsimoni-
ous hypothesis, the continuity of the symbionts from a common ancestor of coc-
kroaches and termites is less reasonable than the hypothesis of transfer.

The refutation of the hypothesis of symbiont inheritance means that Cryptocercus
shows traits analogous to those of termites. Flagellate symbionts together with xylo-
phagy and formation of colonies were often seen as necessary ancestral traits for
the appearance of eusociality in termites (Cleveland et al., 1934; Myles, 1988;
Nalepa, 1984, 1994; Noirot, 1992; Roisin, 1994). Cryptocercus appeared to be an
interesting model showing these traits. The refutation of the inheritance hypoth-
esis does not preclude the use of Cryptocercus as a model by analogy for the first
steps on the road to eusociality in termites (Nalepa, 1994; Roisin, 1994), provided
that one is convinced that symbiosis and xylophagy are two necessary prerequisites
for the evolution of eusociality in termites. The possible ancestral occurrence of
these traits could be tested when a complete phylogeny of the termites is finally
proposed.
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