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On cladistics and human–ape
relationships

ABSTRACT

The rebuttal of our correspondence

(Lehtonen et al., Journal of Biogeography,

2011, 38, 805–808) by J. R. Grehan and

J. H. Schwartz (Journal of Biogeography,

2011, 38, 2397–2404) reveals logical

inconsistencies in their methodology.

Here, we provide a clarification of these

issues.
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Grehan & Schwartz (2011) reacted to our

analysis of hominid relationships (Lehtonen

et al., 2011) by making statements that call

for a reply. Firstly, they claimed that we

uncritically recycled old datasets, although

prior to analysis we removed from the data

all characters that Grehan & Schwartz

(2009) had indicated to be unreliable.

Secondly, Grehan & Schwartz (2011) felt

that we insinuated that they had consciously

selected characters that support their view,

although we consider that we did no such

thing in Lehtonen et al. (2011). What we

did say is that continuous morphological

characters are difficult to code, and that

erroneous coding is always a potential

problem; few phylogeneticists would deny

this. We did exclude or recode some char-

acters that we found ambiguous or arbitrary

on the basis of the information given by

Grehan & Schwartz (2009). All of these were

listed in Appendix S1 of Lehtonen et al.

(2011), where we also briefly explained why

and how each change was made. Grehan &

Schwartz (2011) reanalysed the data after

further modifications. Their Appendix S2

shows that they excluded as invalid more

than 20 characters supporting the chim-

panzee–human relationship but none sup-

porting the orangutan–human relationship.

We do not wish to speculate on whether this

reflects conscious character selection by

Grehan and Schwartz, by those who com-

piled the original data, by both parties or by

neither.

We would like to clarify, however, that

our mission was not to disprove the sister

relationship between orangutans and

humans. Our motivation was simply to test

if the generally held view of a human–

chimpanzee relationship stands up to scru-

tiny, because we were intrigued by the claim

of Grehan & Schwartz (2009) that it is

poorly founded. We were in some respects

disappointed when the analyses so clearly

corroborated the traditional view, because it

would have been cool to hit the headlines

with the opposite result. Of course, it is a

well-known feature of the human mind that

what is meant to be objective observation

may subconsciously be affected by personal

expectations (hence the requirement for

double-blind experiments in clinical trials).

Therefore, we used what we believed to be

the most complete and well-justified data

possible, recoded some quantitative char-

acters using mechanical rather than sub-

jective criteria, and analysed the data using

the most objective methods available.

Thirdly, Grehan & Schwartz (2009, 2011)

attacked mainstream molecular systematics

and many of the analytical choices we made.

They are not alone in raising concerns about

the philosophical foundation of modern

cladistics (e.g. Bechly, 2000; Mooi & Gill,

2010), and indeed Zootaxa recently devoted

an entire issue to this discussion (de Carv-

alho & Craig, 2011). Instead of repeating

those arguments here, we will clarify some

of our previous statements, and point out

some logical inconsistencies in the approach

of Grehan & Schwartz (2009, 2011).

In mainstream cladistic analysis, out-

group taxa are treated in the same way as

ingroup taxa when searching for the optimal

phylogenetic tree topology (Nixon &

Carpenter, 1993). The distinction between

ingroup and outgroup becomes important

only when the tree is rooted, because at that

stage the outgroup taxa are used to polarize

the characters (i.e. to define their

plesiomorphic and apomorphic states). In

contrast, Grehan & Schwartz (2009, 2011)

polarized each character separately prior to

analysis, as in Hennigian phylogenetics (see

Bechly, 2000). However, they abandoned

the Hennigian approach when performing

the actual cladistic analyses, and instead

resorted to the mainstream approach of

treating the characters as unpolarized when

searching for the optimal tree.

Grehan & Schwartz (2009, 2011) even

made decisions about character validity on

the basis of the a priori character polariza-

tion. For example, they considered as

invalid several characters (e.g. SG20) that

had character state 1 in both gibbons and in

some of the great apes, and excluded these

from the analyses. Their justification was

that gibbons are an outgroup taxon, and

they should hence always have the plesio-

morphic character state. Had they used

monkeys instead of gibbons as the out-

group, the same characters would have been

fully valid according to their reasoning. We

prefer the mainstream approach, in which

the validity of a character does not depend

on an arbitrarily defined boundary between

the outgroup and the ingroup.

Against this background, it is surprising

that Grehan & Schwartz (2011) criticized us

for assuming gibbons to be fully plesio-

morphic and non-evolving, even though we

made no such assumptions in Lehtonen

et al. (2011). In fact, Grehan & Schwartz

(2011) were mistaken in claiming that we

used gibbons as the outgroup; gibbons were

a part of the ingroup in our analyses,

and the trees were instead rooted with

monkeys.

Grehan & Schwartz (2011) took issue

with total evidence analysis, and argued that

there is no biological justification to

combine molecular and morphological data.

We do not see any need for such a

justification. We believe that the strongest

phylogenetic hypotheses are those based on

all available characters that can reasonably

be assumed to carry phylogenetic informa-

tion, whether phenotypic or genotypic.

Furthermore, we do not see any distinction
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between molecular and morphological

homology; characters are homologous when

they share a common ancestry.

Grehan and Schwartz, in contrast, seem

to apply different rules for molecular and

morphological characters. They find con-

vergent evolution in the coding regions of

DNA to be both probable and highly

problematic (Grehan & Schwartz, 2011,

p. 2402): �… not only are molecular com-

parisons limited to minuscule portions of

genomes, most are still confined to the coding

region… that codes for metabolically active

proteins and enzymes, which… reflect adap-

tation to environmental circumstances…
Similarly, because mitochondria serve only

metabolic function…, demonstration of sim-

ilarity between taxa in mtDNA sequence is

also not necessarily a reflection of phylogenetic

propinquity�. In their earlier study, conver-

gent evolution in morphological traits was

not considered a problem (Grehan & Sch-

wartz, 2009, p. 1826): �… some primate

biologists and systematists object to using

characters with a presumed functional role

because they may be the result of selection

independent of phylogeny. In the absence of

empirical evidence, this objection is rhetorical.

We take the view that such assumptions are

not relevant to phylogenetic analysis… and

that the most highly corroborated hierarchi-

cally nested set of derived characters yields the

most probable phylogenetic relationship...� We

see no reason why evolutionary adaptation

sometimes does and sometimes does not

invalidate phylogenetic inferences. Similarly,

it seems inconsistent to find it a problem

that only a small part of the genome can be

compared among taxa, when the situation is

exactly the same with morphological data.

The criticism that Grehan & Schwartz

(2011) targeted against direct optimization

(DO; Wheeler, 1996) seems to indicate that

they mistake it for a phenetic method,

although it is fundamentally cladistic and

hence based on inferences about common

ancestry (i.e. homology) of characters. In

the classical two-step approach, �primary�
homologies are first hard-coded in the data

matrix, and then �secondary� (�true�)
homologies are identified during analysis.

The first step (character analysis) depends

on assumed phylogenetic relationships, and

the results of the second step (congruence

analysis, or tree search) depend on those

assumptions, which compromises the

validity of the congruence test (De Laet,

2005). The purpose of DO is to avoid the

subjective element inherent in the two-step

process by comparing all possible scenarios

of homology, rather than choosing one a

priori. The result of DO is hence based on

the globally most parsimonious combina-

tion of homologies and tree topology.

Grehan & Schwartz (2011) further criti-

cize previous studies for having polarized

the character states incorrectly, and imply

that they themselves have identified the

correct polarization. Given that this detec-

tive story has no last page that reveals the

absolute truth, arguments on who is right

and who is wrong could be continued for-

ever. We are not interested in doing so,

however.

It appears that humans are highly auta-

pomorphic in comparison to other great

apes: out of all the characters Grehan &

Schwartz (2011) excluded as autapomor-

phic, 50 were autapomorphies of humans, 5

of orangutans, 2 of chimpanzees, and 7 of

gorillas. It is, therefore, possible that the

human–orangutan relationship in their

analysis was an artefact caused by long-

branch attraction (Bergsten, 2005) –

humans and orangutans simply represent the

morphologically most distinct great apes. To

avoid long-branch attraction, one should

obtain data that breaks the long branches,

such as fossil data or DNA evidence (the latter

because human DNA is not as highly auta-

pomorphic as human morphology is).

One approach to evaluating the credibil-

ity of phylogenetic hypotheses is by com-

paring them to external criteria. For

example, Grehan & Schwartz (2009) dem-

onstrated that the human–orangutan

hypothesis provides a more parsimonious

biogeographical scenario than the human–

chimpanzee hypothesis, and argued that this

provides external support for their phylog-

eny. We would like to continue in the same

vein and ask about the evolutionary sce-

narios involved. Firstly, if the high similarity

between human and chimpanzee DNA is

not due to common ancestry, what kind of

selection pressures could have caused a

sufficient degree of convergent genetic evo-

lution to erase the �true� phylogenetic signal

from the molecular data? Secondly, if such

strong and directional selection was indeed

operating on the genome, why did it not

cause convergence in morphology as well?

As we are unable to imagine convincing

answers to these questions, we find that this

particular external criterion supports the

human–chimpanzee relationship rather

than the human–orangutan relationship.
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Across-taxa incongruence
in patterns of collecting bias

ABSTRACT

If biological collections tend to be taken

near accessible areas, and the number of

such areas is limited, then we should ex-

1744 Journal of Biogeography 39, 1743–1748
ª 2012 Blackwell Publishing Ltd

Correspondence




