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Lemurid systematics revisited

We employ a recent advance in cladistic methodology, the Perrnutation Tail
Probability (P'TP) test (Faith & Cranston, 1991}, to estimate the likelihood of
various proposed phylogenies of the Lemuridac using the datasets of Tattersall
& Schwartz (1991) and Groves & Faglen (1988). In the course of this work we
uncover and correct some inaccuracies in past codings, and rectify an
important creor in the cladistic procedure used by Tattersall & Schwartz
(1991). According 1o the tail probability tests, it appears that Hapalemur is most
likely the sister-group of other Lemuridac, We support as valic the genera
Fulemur and Varecia. The status of subspecies of Kulemur vemains equivocal.
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Introduction

Eulemur, Petterus and Prosimia

It is curious that, after what seemed like decades of discussion of the interrelationships of the
Ring-tailed Lemur, Lemur catta, to other species assigned to the genus Lemur and to the allied
genus Hapalemur, three sets of authors took action, apparently independently, by providing a
generic name for the non-catta species of Lemur. Tattersall (1988), followed by Tattersall &
Koopman (1989), resurrected the name Prosimiz Boddaert, nominating Lemur fulus E. Geoflroy
as type species; Groves & Eaglen (1988) raised a new genus FPetterus (type species, L. fulous
E. Geoffroy); and Simons & Rumpler (1988) revived Haeckels (1895) name Eulemur, originally
a nomen nudum, taking L. mongoz Linnaeus as the type species.

The rules of nomenclature are, in principle, objective and unconcerned with €go or mmour
propre (contra the pessimistic assumptions of Tattersall & Schwartz, 1991). Dr David Ride,
former secretary to the International Commission on Zoological Nomenclature, has con-
sidered the case and has concluded, as reported by Groves (1989), that: *“a prior uéage of the
name Prosimia (by Scopoli) preoccupicd that of Boddaert, so ruling out the resurrection of this
name as the type species of Scopoli’s genfis was Lemur catta’”; ** Fulemur Simons & Rumpler
became available just 21 days before Petterus Groves & Laglen™. It follows that the valid name

1s Fulemur.

The Eulemur concept

Nomenclature being now settled, it remains to be decided whether there is after all any need
for a new genus. Tattersall & Schwartz (1991) have claimed, on the basis of a cladistic analysis

of craniodental features, th

at there is not. In their view the relationships of L. catta are

decisively with the Julvus-group and the suggestion (Simons & Rumpler, 1988; Groves &
Eaglen, 1988) of an affinity with the genus Hapalemur is without foundation. Unfortunately,
although Tattersall & Schwartz (1991) purported to examine and refute the claimed
association of Lemur catta with Hapalemur, this association was not in fact tested in their paper
but instead was excluded as an option from the start by using Hapalemur (along with Lepilemur)
as outgroup. (“For outgroup comparison we examined specimens of Lepilemur edrwardsi, Lepilemur

leucopus and Hapalemur griseus”,
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Tattersall & Schwartz, 1991 p. 4.) This odd methodological
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lapse necessitates that the data be reworked using a new, more distant outgroup. One method,
Permutation Tail Probability (PTP) testing, designed to measure the statistical significance of
cladistic hypotheses, has become available since Tattersall & Schwartz (1991) completed their
analyses, and we use this method to indicate the statistical support for our phylogenetic
conclusions.

Other reasons why a re-examination of lemurid relationships is warranted at this time may
briefly be enumerated. First, the conclusions reached by Tattersall & Schwartz (1991) have
recently been brought into question by Tattersall (19934) who ignored those conclusions and
used Eulemur as a valid genus. Second, in taking only craniodental characters into account,
Tattersall & Schwartz (1991) used a database which partially overlapped that of Groves &
Eaglen (1988) and was entirely different from that of Simons & Rumpler (1988), and so has the
potential, if adequately analysed, to act as an independent check on the features relied upon
by the latter authors. Third, Tattersall & Schwartz (1991) proposed a cladogram of
relationships within the_fulous-group, the first time this has been done, and proceeded not only
to reject any generic distinction between Lemur catta and the Sulvus-group but to recommend in
addition the sinking of the long-established and widely-recognized genus Varecia. However, the
presence of errors in their coding along with the lack of significance tests for their phylogenetic
hypotheses leads to doubt about the validity of these conclusions.

In this paper we first discuss aspects of the database as coded in Tattersall & Schwartz
(1991), and make corrections to their coding. We then describe our procedure for appending
further taxa as outgroups and for obtaining additional characters from the dataset used by
Groves & Eaglen (1988). We proceed by analysing four separate variants of the dataset: with
or without the coding corrections and with or without the additional characters, incorporating
permutation tail probability (PTP) and topology-dependent PTP (T-PTP) tests (Faith &
Cranston, 1991; Faith, 1991) of the relevant cladistic hypotheses. By this means we aim to
achieve as complete an assessment of lemurid phylogenetic relationships as can be obtained
from these data.

Amending the database

The character set used by Tattersall & Schwartz (1991) was described in that paper. We
imported it into our analysis unchapged, but note also that Tattersall & Schwartz (1991
appear to have made a number of errors in coding their data, viz:

(1) In their Table 2, Lemur catta is coded as having state 1 (nasopalatine foramen
anteromedial) for character 1. In their Figure 1 it is captioned as having this foramen
“medial”, which does not in fact correspond to any listed state, although from the photos it
would seem to mean posteromedial (state 0). Similarly, “Lemur” macaco is coded as having state
2 (posterocentral) for character 1, but is depicted and captioned in their Figure 3 with the
foramen anteromedial (state 1); the difference between its position in Figure 3 and that of
L. catta in Figure 1 is clearly evident.

(2) Lemur catta is coded for character 3 as having the medial orbital wall concave (state 0), but
in Figure 1 it is figured and captioned as having a lateral swelling in the wall (state 1).

(3) For character 18, postprotocrista presence on P* is coded as 0 (Le. primitive), and
“Lemur” fulvus rufus is so tabulated in Table 3, but in the caption to Figure 8 this is said to be
a derived condition. (We recognize that the symbols 0 and 1 for character states are
nterchangeable unless characters are of type #rreversible, and thus that this error will not affect
the estimate of relationships, provided that the coding used is consistent across all taxa.)
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(4) In "Table 3, “Lemur” fulvus rufus is coded for character 20 as having state 2 (protostyle and
hypostyle separated by a crease), but in Figure 8 it is depicted and captioned with state 3
(protostyle and hypostyle broadly separated).

(5) In Table 3, the same taxon is coded as having state | for characters 21 and 24 (with
metaconule but no paraconule on M' or M%), but in Figure 8 it is shown, and captioned, with
netther conule present.

(6) In Table 3, L. catta is tabulated for character 22 as having state 2 (lingual cingulum
of M” expanded anteriorly), but in Figure 8 it is shown and captioned with state 1
{ledgelike).

(7) In Figure 8 both L. catta and “L.” f. rufus show the primitive condition of the cranial base,
Le. with the sphenoid continuing flatly into the nasal fossa (character 14, state 0); but in Table
3, the latter is coded as having state | (stepped). The statement (p. 15) that all the “fulous”
group except coronatus have some excavation of the cranial base is thereby invalidated. F igure
8 may be compared with Figure 6, where “L.” f albifrons does indeed show a remarkably
different {excavated) condition.

(8) In Table 3, “L.” £ nyfus is coded for character 34 as having state 1 {lingual notch on M,
broad), but it is depicted and captioned in Figure 9 as having state 2 {lacking such a notch).
Similarly, L. catta is coded as having state 2 but is depicted with state 1.

(9) Finally, Figure 7 (not Figure 6 as it is referred to throughout the text) shows the “lingual
notch” to be between entoconid and hypoconid, not (as per character 29) between entoconid
and metaconid.

These coding errors can all be simply emended, although it is not impossible that others
remain undetected in taxa not figured in Tattersall & Schwartz’s paper (1991).

Tattersall & Schwartz (1991) reviewed some of the data on which Groves & Eaglen (1988)
proposed the monophyly of Lemur catta and Hapalemur, and suggested eight changes. We have
reviewed these changes and offer comments, in response, as follows:

(1) Relative size of upper incisors: Tattersall & Schwartz (1991) deemed this character too
affected by wear to be of use. Different states of the character nonetheless visibly survive wear,
but in the present context the character is irrelevant as it merely differentiates the Indridae
from other taxa.

(2) Relative size of P? and P*: Tattersall & Schwartz (1991) state that P? was substantially
reduced in two of four L. catta, which supposedly has an “unreduced” P?. Whether this indeed
nvalidates the character cannot formally be tested as Tattersall & Schwartz {1991) did not
support their observation with quantitative (metrical) information.

(3) Size of paroccipital processes: Groves & Eaglen (1988) claimed that this character
differentiates Hapalemur and the Indridae from other taxa. However, it may indeed be too
variable to be usable in the present analysis.

(4) Posterior margin of bulla: We lack sufficient material to re-test this character at this time.

(5) Elevation of orbital rims: Tattersall & Schwartz (1991) correctly note that the coding of
this character was madvertently reversed by Groves & Faglen {1988). This would make some
difference to Groves & Eaglen’s (1988} result.

(6) The hypocone problem. Tattersall & Schwartz (1991) doubt that what is usually called
a hypocone in the “Lemur” Julvus-group is homologous with the hypocone of other taxa, and
coin the term “hypostyle”. We take the point that this hypostyle is not likely to be homologous
with the hypocone-like angulation on the protocone fold, where it meets the posthypocone
crista, and which Groves & Eaglen (1988) described as a “small hypocone” in L. calia,
Hapalemur and some cheirogaleids.
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(7) Pigmentation of ocular fundus: Tattersall & Schwartz (1991) correctly point out that

“Lemur™ mongoz resembles L. catta and Hapalemur in this respect, rather than other members of

the “L.” fulous-group.

(8) Tattersall & Schwartz (1991) claim that 14 non-osteodental characters listed by Groves
& Faglen (1988) are “in many cases known only from archaic or anecdotal descriptions, or . . .
[are] not known for a suthciently large number of taxa”. We do not claim to understand this
imprecise criticism.

Material and methods

We selected Indri indri and Propithecus verreauxi to fulfill the function of outgroup. These taxa are
sufficiently related to the Lemur-group to allow homologous characters to be recognized ancl

scored, but are sufficiently distinct that there can be no doubt they lie outside of the group of

taxa under study. One of us (CPG) borrowed a skull of 7 indri from the Australian Museum,
Sydney, and a skull of P. verreauxi from the Museum of Victoria, Melbourne, and coded the
characters described by Tattersall & Schwartz, (1991), using photos of further skulls and teeth
of Indridae figured by Schwartz & Tattersall (1985) as a rough check on variability. Observed
within-outgroup variation is such that it does not affect the parsimonious placement of these
outgroup taxa in relation to ingroup taxa within the present analysis.

The other of us JWH'T) conducted a cladistic analysis of these new data together with those
of Tattersall & Schwartz (1991) and Groves & Eaglen (1988). Best-fit phylogenetic hypotheses
were estimated using the parsimony package PAUP 3.0s+ | (Swofford, 1992). PTP tests (Faith
& Cranston, 1991) were used to test the data for hierarchic signal, and taxa previously
suggested as monophyletic or appearing as putative clades in best-fit trees were examined using
T-P'IP tests (Faith, 1991). PTP indicates the presence or absence of hierarchic structure above
that which can be attributed to chance co-variation in character states (Faith & Cranston,
1992; Trueman, 19935). T-PTP tests indicate whether a particular hypothesis of monophyly
(or non-monophyly) is supported by co-variation above than that which might reasonably be
attributed to causes other than phylogenetic relatedness.

Analyses were conducted on four variants of the data matrix. The first dataset comprised
Tattersall & Schwartz’s (1991) original data (their Tables 2 and 3). The second comprised the
same data after correcting the errors enumerated above. To obtain our third and fourth sets
we noted that although Tattersall & Schwartz (1991)'made a few criticisms of the dataset used
by Groves & Eaglen (1988), by implication they accepted some characters (some of their own
characters were, in effect, the same as those in Groves & Eaglen (1988) though in slightly
different form). We surveyed the characters from Groves & Eaglen (1988) not used in
Tattersall & Schwartz (1991) and, excluding those which could conceivably be said to be
“archaic or anecdotal”, appended the others on to datasets 1 and 2 to give sets 3 and 4. The
16 characters added by this process are as follows:

G & E number Character New character no.
2 Canine hone 38
3 Premolar eruption sequence 39
8 M reduction 40

10 Malar foramen 41

12 Presphenoid/medial pterygoid 42

15 Facial elongation 43

18 Os centrale 44

G &1
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G & E number Character New character no.
19 Baculum 45
16 Ocular fundus pigmentation 46
17 Presence of fovea 47
21 Scrotal skin 48
22 Female urethral path 49
23 Neck glands 50
24 Arm glands 51
27 Throat sac 52
30 Haemoglobin bands 53

Descriptions of these characters are given in Groves & Eaglen (1988). The character state
matrices used for our re-analysis are shown in Tables 1 and 2. Multi-state characters in which
the states formed a logical series, such that an evolutionary change from one extreme to the
other must pass through each intermediate state, were treated as ordered. Otherwise,
multi-state characters were treated as unordered. We would argue, confra a popular opinion
(and one put to us by one of the referees), that explicit choice of a character transformation
type in relation to the logical (note, not biological) structure of each character is a necessary
part of parsimony analysis, and that there is little or nothing to be gained by running
inappropriately specified, “all ordered” or “all unordered”, analyses. We identified characters
1-2, 1725, 27, 29, 32, 34 and 36 as properly being considered unordered and characters 56,
9, 13-14, 40-43, 45-46 and 48 as ordered. The remaining characters in our analyses all are
binary characters to which the concept “ordered zs. unordered” does not apply. Tor the
curious, a branch-and-bound search of dataset 3 with all characters unordered produces 169
minimum-length trees the strict consensus of which has no structure except that E. mongoz is
placed with E. mubriventer, while an equivalent search with all characters ordered produces a
single tree. This tree is the same as that shown in the left side of our Figure 1, but with the
Julvus-complex of subspecies resolved in the order (L. coronatus (E. f. fulvus (E. f albocollaris (E. f
sanfordi (E. [ rufus (E. f. collaris (E. f. albifions (£, macaco (E. mongoz (F. rubriventer))))). We stress
that we consider this resolution of the polytomy shown in Figure 1 not supported by the data.

Heuristic searches for minimum-length trees were conducted using PAUP 3.0s+1 with
optons “Addition Sequence=simple” and “Branch Swapping=TBR”. These settings, whilst
giving relatively short search times, are more than adequate to identify with high confidence
the most-parsimonious trees for a dataset having the number of terminal taxa here being
considered. The branch-and-bound search option was used to check the results from dataset
3. This slow but thoroughly exhaustive search routine gave a result identical to that from the
faster heuristic search. Our PTP and T-PTP tests were run using heuristic search settings as in
the initial scarches, and were each based on 100 randomizations of the data.

With the taxa arranged as in Tables | and 2 the clades tested by T-PTP were:

L (25), Hapalemur plus Lemur (i.e. L. calta)

2 (3-15), Varecia plus Lemur plus Eulemur

3 (5-13), Lemur plus Fulemur alone

4 (6-15), Eulemur alone

5 (6-8 10-15), all Eulemur except E. coronatus

6 (6-8), E. mongoz and E. rubriventer

7 (6-8), the above two taxa plus £. macaco

8 (6-8 11), the above three taxa plus E. /- albifrons
9 (84 6-15), Varecia plus Eulemur







