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MONOPHYLY AND ASSOCIATED TERMS' 

PETER D. ASHLOCK 

Abstract 
Ashlock, Peter D. (Dept. of Entomology, University of Kansas, Lawrence, Kans. 66044) 

1971. Monophyly and associated ternm. Syst. Zool., 20:63-69.-Most definitions of the 
term monophyly are ambiguous because they do not limit the common ancestor sufficiently. 
Simpson's (1961) definition does not define monophyly; rather, it attempts to define a 
nameable taxon. Hennig's (1966a) definition, which requires a group to contain all the 
descendants of the common ancestor, is precise and useful, but it is narrower than the classic 
concept of monophyly and is here renamed holophyly. One way to limit the common 
ancestor is to require that it be a member of the group of which it is the stem, but this 
would seem to require a macroevolutionary appearance of groups. A precise definition of 
monophyly may be formulated if the common ancestor need be only cladistically a member. 
If a group can be shown to have one or more unique evolutionary innovations, it may be 
inferred that the most recent common ancestor also had these innovations; and it is, then, 
cladistically a member of the group. The ancestor need not have reached the grade of, 
or phenetically be, a member of the group. Holophyly, with Hennig's contrasting term 
paraphyly, then become two aspects of monophyly, while polyphyly describes a group 
whose common ancestor is not cladistically a member of the group. [Monophyly; holophyly; 
paraphyly; polyphyly.] 

Systematists have long used the term 
monophyly and have felt sure they knew 
what was meant when they used it. The 
roots of the word mean a tribe from one, 
and a group is considered monophyletic if it 
is believed to have evolved from one stem 
ancestor. One ancestor refers, of course, to 
a single biological species or a population, 
not to an individual or a single mated pair. 
Analysis of available definitions shows that 
none actually defines the concept. Since 
monophyly, and such associated terms as 
polyphyly and paraphyly, can be very help- 
ful in discussing phylogeny (cladogenesis 
plus anagenesis) and the evolutionary infer- 
ences that may be made from a cladistic 
analysis, it would seem useful to provide 
precise definitions of the terms. 

Definitions of monophyly and polyphyly 
often take the following form: a mono- 
phyletic group is one descended from a 
single ancestor; a polyphyletic group is one 
descended from more than one ancestor. 
For example, in Fig. 1, groups A-B or C-D 
would be monophyletic because each group 
has a single ancestor, at t2 and t3 respec- 

1 Contribution No. 1444 from the Department of 
Entomology, The University of Kansas. 

tively, while a grouping B-C would be poly- 
phyletic because B and C have different 
ancestors at t2 and t3. But these definitions 
are not explicit. B and C do have a common 
ancestor at ti, and at that time level must 
be considered monophyletic. (Presumably 
any two organisms will have a common an- 
cestor if one goes back far enough.) More- 
over, a group containing C and D could be 
considered polyphyletic because the mem- 
bers have different ancestors at an arbitrary 
point, t4. 

Another common definition is more pre- 
cise: a monophyletic group is one derived 
from its most recent common anoestor. By 
limiting the ancestor to the most recent com- 
mon one, those at t4 (Fig. 1) are eliminated as 
significant ancestors of the group C-D and 
its monophyly cannot be questioned. How- 
ever, B and C can still be considered mono- 
phyletic, since they have a most recent com- 
mon ancestor at t1. 

A written definition of monophyly now 
current, for it is cited by Mayr (1969), is 
that of Simpson (1961:124): "Monophyly is 
the derivation of a taxon through one or 
more lineages (temporal successions of an- 
cestral-descendant populations) from one 
immediately ancestral taxon of the same or 
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FIG. 1.-Cladogram illustrating ambiguity in use 
of the term common ancestor. 

lower rank." One could argue that the arbi- 
trary concept of taxonomic rank has no 
place in an exact definition; but I would 
rather argue that this is not a definition of 
monophyly at all, in the sense of its root 
meaning: a tribe from one. 

Simpson (1961) writes that classification 
need not reflect or be based upon phylog- 
eny, only that it must be consistent with 
phylogeny. His definition is a statement of 
what Simpson deems an acceptable taxon, 
or nameable taxonomic group, i.e., one that 
is consistent with phylogeny. Even if one 
subscribes to the axiom that all acceptable 
taxa are monophyletic, it does not follow 
that any definition of an acceptable taxon 
is also a definition of monophyly. It is not 
my purpose to discuss the merits of Simp- 
son's definition in terms of acceptable taxa. 
Hull (1964) has cogently discussed these 
ideas as well as the weakness of the Linnaean 
system in expressing phylogeny. It would 
seem more useful to find an acceptable defi- 
nition of monophyly and related terms and 
then determine whether it is wise to require 
strict adherence to the axiom that all taxa 
be monophyletic. 

Hennig (1966a:73) has provided the fol- 

lowing: "A monophyletic group comprises 
all descendants of a group of individuals 
that at their time belonged to a . . . single 
biological species." This is precise and un- 
ambiguous, and the concept is to some de- 
gree testable. It is useful in the analytic 
phase of cladistics, for all cladistic analysis 
requires that a series of nesting monophyletic 
units (sensu Hennig) be inferred in order to 
derive a cladogram. Further, Hennig's con- 
cept is very useful in- discussions of one of 
the most promising utilitarian aspects of 
cladistics, the analysis of evolutionary 
events of the past. Hennig's (1966b) paper 
(English translation) on the New Zealand 
Diptera fauna contains many examples of 
how past evolution might be analyzed; the 
paper discusses such methods of biogeo- 
graphic analysis as the Progression Rule, 
among others, and methods of establishing 
the actual geological time of evolutionary 
events where no fossils are available. 
Hennig's (1966a) book includes a discussion 
of methods for the analysis of possible co- 
evolution of hosts and parasites and of the 
paleontological method, etcetera. 

It is in the use of his concept of monophyly 
in a purely cladistic classification that 
Hennig's admirable logic leads to con- 
clusions so disastrous that some taxonomists 
reject all of his ideas. He subscribes to the 
taxonomic axiom that only monophyletic 
groups are nameable, but his concept of 
monophyly is so restricted that he finds it 
necessary to coin a new term, paraphyletic, 
contrasting to monophyletic, for groups that 
have a common ancestor but do not include 
all the descendants of that ancestor. Exam- 
ples of paraphyletic groups include the Rep- 
tilia, perhaps the Amphibia, the Thysanura 
among the insects, and, no doubt, many 
other groups cherished by biologists. As 
more and more groups are studied cladis- 
tically, it is certain that more and more will 
be found to be paraphyletic, and that even 
pure cladists will rebel against such con- 
straints. At least one person trained in 
Hennig's methods, Tuomikoski (1967), has 
already suggested that paraphyletic taxa be 
tolerated. Hennig's other but less stringent 
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precept, that taxa should be given a hier- 
archical rank according to their geological 
age, is also a source for rebellion, but is not 
a part of the -concem of this paper. Mayr 
(1969) has given an excellent discussion of 
the faults of a purely cladistic classification. 

Hennig (1966a) did not come to his con- 
clusions lightly. He knew full well what 
the effect would be on classification. His 
reasoning is that by limiting groups that can 
be named to those that are in his sense mono- 
phyletic, formal classifications will have 
maximal utility in evolutionary analysis. He 
must feel this to be so important that we 
must give up the predictive value of a classi- 
fication based upon similarity of included 
forms and a good deal of well-based tradi- 
tion. Hull's (1964) criticism of the Linnaean 
hierarchy as a poor reflection of phylogeny 
can be directed at a purely cladistic formal 
classification also. Staying within the gen- 
erally acceptable list of categories in the 
Linnaean hierarchy results in a scheme that 
is inadequate for Hennig's purposes. To 
make the formal classification maximally 
useful, one would have to provide a name 
for each branch in 'the cladogram, an un- 
acceptable burden. For evolutionary analy- 
sis the complete branching pattern is im- 
portant, and one should refer to an actual 
cladogram rat-her than working from a 
formal classification. 

That Hennig's concept of monophyly is 
useful in cladistic discussions is unques- 
tioned. But since it is more restricted in 
meaning than that generally held, it proba- 
bly should be renamed. I propose the word 
holophyly, a tribe of all, for the concept that 
Hennig calls monophyly. Holophyly and 
paraphyly, then, become two aspects of the 
more general concept, monophyly. 

One must distinguish between indirect 
and direct inferences when establishing con- 
formity to theoretical concepts. An indirect 
inference is an approximation that does not 
directly test, but which, hopefully, has a 
high probability of satisfying the precepts 
of the theoretical concept. A direct infer- 
ence, however, must be drawn from actual 
tests of these precepts. The more nearly 

direct the inference, the more difficult the 
procedures, but the more accurate the 
result; and conversely, the more indirect the 
inference, the simpler the procedures, but 
the less sure the results. For example, when 
a taxonomist descibes a new species by list- 
ing morphological characters, he has in- 
directly inferred a biological species. A 
somewhat more direct inference may be 
made by demonstrating that the new 
"species" is sympatric with its closest rela- 
tives. The most direct inferences are drawn 
using the techniques of experimental sys- 
tematics, which directly test reproductive 
isolation (see Dobzhansky, 1951:151). Tax- 
onomy has made excellent use of indirect 
inference. There are times, however, when 
for reasons ranging from intellectual curi- 
osity to economic necessity, the indirect ap- 
proach is not sufficient. 

Proof is not appropriate to theoretical 
concepts; and absolute "proof' of any 
biological species would require massive 
isolation mechanism tests, both to establish 
intraspecific compatibility and interspecific 
incompatibility. Operationalism would have 
scientists establish acceptable procedures, 
which would eliminate subjectivity. The re- 
sults of following the procedures, then, must 
be correct, since the procedures are accept- 
able. As such, operationalism is in direct 
conflict with the scientific method because 
it does not encourage testing of hypotheses, 
and its inappropriateness to problems in 
systematics has been discussed by Mayr 
(1969:69), Hull (1968), and Johnson (1968). 

Throckmorton (1968:367) has pointed out 
that phenetic groups are the best first ap- 
proximation of monophyletic groups (essen- 
tially, so has Hennig, 1966a:146). This is an 
indirect inference. To make direct, or more 
nearly direct, inferences about monophyly, 
a precise statement of the concept is needed, 
and the methods of more direct testing will 
naturally follow. No such precise statement 
exists. 

Hennig's definition precisely limits the 
meaning of common ancestor. Other defini- 
tions do not, and are hence ambiguous. 
Simpson (1961) stated that "to be actually 
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definitive, the definition must imply that 
the single ancestral species is included in the 
taxon made monophyletic by its ancestral 
status." Heslop-Harrison (1958) used such a 
concept in establishing the monophyly of 
the angiosperms. For the common ancestor 
to be included in the monophyletic taxon, 
of course, implies a phenetic relationship 
between ancestor and taxon, and it is this 
sort of relationship that conjures up in the 
mind a macroevolutionary "hopeful mon- 
ster." Simpson (1961:123) consequently re- 
jected the idea as "undesirable in principle 
and usually inapplicable in practice." In 
the totality of its characters, the common 
ancestor of a taxon may bear greater re- 
semblance to members -of its ancestral taxon 
than to those of the taxon of which it is -the 
stem ancestor. 

Monophyly, however, is a cladistic con- 
cept, and a cladistic relationship is exactly 
the kind that the stem ancestor of a group 
should bear to the group. Cladistic mem- 
bership of an individual in a group requires 
that the individual' share apomorphous 
characters, that is, unique evolutionary in- 
novations, with the group. The requirement 
of uniqueness may be relaxed -to some de- 
gree without harm, but the less nearly 
unique characters are, t-he less reliable the 
cladistic information they contain. If a 
group in its entirety shares such innovations, 
then it may be inferred that the most recent 
common ancestor of the group had these 
innovations also, and this ancestor can be 
considered to be cladistically a member of 
the group. Such a group can be considered 
monophyletic, even though the common an- 
cestor, in the totality of its characters, may 
indeed more nearly resemble the ancestral 
group from which it is derived. 

The most recent common ancestor of 
modern birds can be inferred to have had 
the unique innovations that distinguish all 
modem birds; i.e., feathers, a toothless horny 
bill, and a fusion of bones in the pelvic 
region. Other, less unique characteristics of 
modem birds are not so suitable for the in- 
ference of cladistic relationship; i.e., a nearly 
complete loss of the bony tail, reduction of 

digits of the fore limb with a reduction or 
loss of claws, a four-chambered heart, and 
homeothermy. Still, there are enough inno- 
vations to imply that the common ancestor 
of modem birds was cladistically a bird. 
The addition of Archaeopteryx to the group 
of modem birds reduces the number of 
unique characters to one, feathers; but the 
group can still be considered monophyletic, 
for its stem ancestor can be inferred to have 
had feathers. That Archaeopteryx and mod- 
em birds (with some other fossil forms) 
compose a monophyletic group does not in 
itself make Archaeopteryx a bird. In the 
totality of its characters, it is more nearly 
reptilian than avian. It is primarily because 
of the great weight placed on feathers that 
Archaeopteryx is classified as a bird. 

The same principles can be applied to the 
Mammalia. Some unique innovations of 
mammals include: hair, production of milk 
for the young, a diaphragm, a secondary 
(false) palate, cusps on the cheek-teeth, and 
the movement of some bones involved in the 
articulation of the reptilian jaw into the 
mammalian ear. 

Unfortunately, mammalogists have long 
since decided, a priori, that the movement 
of the reptilian jaw articulation bones into 
the ear is the best dividing line between the 
therapsid reptiles and true mammals. Then 
Simpson (1959) pointed out that the jaw- 
ear-bone boundary has been crossed at least 
four times, and concluded that the Mam- 
malia are polyphyletic. 

Several things are wrong with Simpson's 
conclusion. Hennig (1966a) states: "Simp- 
son's study does not prove the polyphyletic 
origin of mammals, hut rather confirms the 
fact that a single apomorphous character is 
very dubious proof of the monophyly of a 
group, because 'parallel evolution' appar- 
ently is a very common phenomenon." If 
one could, by visiting the "lost valley" that 
is the scene of so many science fiction novels 
and films, actually look at - some living 
therapsid reptiles and primitive mammals, 
one might find a creature that had a reptil- 
ian jaw articulation but gave milk to its 
young and/or grew hair, and one would 
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happily call such a creature a mammal, just 
as Archaeopteryx is called a bird. This sec- 
ond point is essentially the one made by 
Reed, 1960, and he has provided a list of 
ten non-skeletal and ten skeletal character- 
istics of mammals, all of which should be 
reviewed in considering the problem of the 
monophyly of mammals. 

One should remember that characters 
determining cladistic relationships can 
undergo modification without reducing their 
cladistic utility. Parallel characters are de- 
fined as the separate derivation of a given 
character from a similar genetic background. 
This background itself might qualify as a 
unique innovation indicating the monophyly 
of a group. Mayr (1969) has essentially 
made this suggestion in relation to the jaw- 
ear-bone characters of mammals. 

Finally, a conclusion like Simpson's could 
not be reached if one accepts the idea that 
the ancestor of a derived group can at one 
time be cladistically a member of that 
group, and phenetically a member of the 
ancestral group. A demonstration of the 
monophyly of a group of living organisms 
requires that the group share one or (better) 
several unique derived characters. The de- 
termination of the boundary between an 
ancestral phenetic group and a derived phe- 
netic group in the fossil record is an entirely 
different problem. The decision must never 
be made on the basis of arbitrarily selected 
characters. Rather, the unique innovations 
found in the living members should be 
traced through the available fossils and the 
break placed somewhere between the first 
appearance of one of these characters and 
the first appearance of all of them. No 
matter where the phenetic break is placed 
between these limits, the monophyly of the 
derived group will be maintained. The 
specific assignment of the boundary should 
be phenetically determined, weighting char- 
acters if appropriate, so as to establish at- 
tainment of the grade of the derived group. 
Because "soft" characters are not usually 
preserved in fossils, or because the fossil 
record is relatively poor, the task may be 
difficult or even impossible. 

The criterion for monophyly proposed 
here sounds similar to Hennig's principle, 
which can be stated as follows: only 
synapomorphous characters delimit mono- 
phyletic (herein called holophyletic) groups. 
However, the criterion is intended not to 
make a distinction between holophyletic 
and paraphyletic groups. By definition, a 
paraphyletic group is part of a larger holo- 
phyletic group. The paraphyletic group 
Reptilia can be considered monopliyletic 
because all living reptiles share the follow- 
ing derived characters: body covered at 
least in part with scales, breathing of air 
throughout life, and eggs that may be laid 
on land. These derived characters also de- 
fine the larger holophyletic group of reptiles 
+ birds + mammals, even though some of 
them have become further modified or lost 
in some birds and mammals. The fact that 
the birds and mammals are excluded from 
the Reptilia does not alter the cladistic re- 
lationship between the common ancestor of 
the Reptilia and the Reptilia as currently 
constituted. 

The contrasting term polyphyletic can be 
considered as describing a group whose 
most recent common ancestor is not cla- 
distically a member of the group. The uni- 
fying characters of a polyphyletic group 
must be demonstrated to be, in point of 
fact, not unifying, or cladistically weak 
(hence more probably the result of con- 
vergence or parallelism), and that other 
characters more convincingly relate com- 
ponents of the polyphyletic group to other 
taxa. For example, Drake and Davis (1958) 
in reviewing the systematic position of the 
Piesmatidae (a small heteropterous family 
that for years had been placed as a sub- 
family of the Tingidae, lace bugs) pointed 
out that the characters associating the two 
groups have a high probability of being 
convergent (one is neoteinic and two deal 
with relative proportions of parts) while 
other characters in each were respectively 
those of one or the other of the two major di- 
visions of the terrestrial Heteroptera. Some 
of the latter characters are unique to the 
major groups. Hence the two families are 
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FIG. 2.-Phylogenetic dendrogram illustrating 
terms. Time is independent on each clade; a ver- 
tical clade indicates no change from the ancestral 
state. 

members of separate larger monophyletic 
groups, and the common ancestor of the two 
families would have little probability of 
having any of the characters that associated 
the two families in the first place. The 
older arrangement was an example of poly- 
phyly. Note that often the answer to a 
cladistic question can be reached without 
resorting to a complete cladistic analysis. 
We need not know in this case how each of 
the two families works into a cladistic analy- 
sis of the two major groups, only that they 
are members of different groups. 

Hennig (1966a) makes little of the concept 
of polyphyly. This is because, when using a 
definition of monophyly and paraphyly 
which consider only whether or not a group 
consists of all of the descendants of the com- 
mon ancestor, there is no relevant difference 
between polyphyly and paraphyly. This 
lack of difference may be seen in Fig. 2 by 
comparing the group A-B with the group 
C-D-E. When the distinction between 
-monophyly and polyphyly is based upon 
(cladistic inclusion or exclusion of the most 

recent common ancestor, a real difference 
exists between polyphyly and paraphyly. 
In Fig. 2 oblique lines imply change from 
the ancestral state. The figure is arranged 
so that there is a phenetic gap between A-B 
and C-D-E. The paraphyletic group A-B is 
monophyletic because the unifying derived 
characters of A-B had to be present in the 
common ancestor at t1. The derived unify- 
ing characters of group C-D-E that make it 
distinct from group A-B, on the other hand, 
must have evolved subsequent to t2 and t2' 
and independently in the clades leading to 
C and D-E. The common ancestor of C-D-E 
at t1 could not have had any of the unifying 
derived characters of C-D-E and is excluded 
from the group C-D-E, and the group is 
therefore polyphyletic. 

Hennig (1966a:146) discussed the com- 
posite nature of the concept, similarity. His 
ideas can be adapted to the terms as I have 
modified them. Polyphyly is similarity due 
to convergence. Monophyly is similarity 
due to common descent, but there are two 
aspects of such similarity. Paraphyletic sim- 
ilarity, which Hennig calls similarity due to 
symplesiomorphy, is based upon a relative 
lack of change within the larger holophyletic 
group of which a paraphyletic group must 
be part, and its characters are primitive 
relative to the smaller holophyletic group(s) 
excluded from the paraphyletic group. 
Holophyletic similarity, or synapomorphous 
similarity, is entirely derived and represents 
evolutionary change from its nearest cla- 
distic relatives. 

Use of the terms monophyly, holophyly, 
paraphyly, and polyphyly is at the same 
time compatible with the use of cladistics 
in making evolutionary inferences, and with 
a true phylogenetic classification (evolution- 
ary classification, Mayr, 1969). The terms 
are illustrated in Fig. 2, and formal defini- 
tions are as follows: 

1. A monophyletic group is one whose 
most recent common ancestor is cla- 
distically a member of that group. 
a. A holophyletic group is a mono- 

phyletic group that contains all of 
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the descendants of the most recent 
common ancestor of that group 
(monophyly of Hennig). 

b. A paraphyletic group is a mono- 
phyletic group that does not con- 
tain all of the descendants of the 
most recent common ancestor of 
that group. 

2. A polyphyletic group is one whose 
most recent common ancestor is not 
cladistically a member of that group. 
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