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Introduction

The striking faunal asymmetry between Africa and Madagascar is particularly evident at the
level of extant terrestrial, nonvolant mammalian orders. Madagascar's native rodents, primates,
carnivorans, and insectivores amount to a mere third of Africa's ordinal diversity, but to summarily
categorize Madagascar's mammalian fauna as impoverished would be grossly misleading (see pp. xx for
further comparisons). No group better illustrates this than the Malagasy tenrecs who, despite their
traditional characterization as remnants of primitive mammalian stock (e.g., Gregory, 1910; Eisenberg,
1975), have nonetheless diversified into a spectacular radiation. In terms of body size alone,
Madagascar's tenrecs span three orders of magni@deX2,000 grams; Eisenberg & Gould, 1970;
Jenkins et al., 1996), a range surpassing all other families andrdestof living mammals (Hayssen
et al., 1993). The impressive variety of morphological, behavioral, physiological, and ecological

specializations found in tenrecs (many of them unique among mammals) contradicts outdated notions of
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their evolutionary conservatism (see review in Olson, in press). However, with the exception of a small
handful of earlier studies (e.g., Eisenberg & Gould, 1970), biologists have only recently begun to
synthesize this variation and focus on tenrecs as a model system for evolutionary investigation (e.g.,
Racey & Stephenson, 1996; Olson, 1999). It has become widely accepted that phylogeny is a critical
and necessary consideration in many evolutionary studies (Felsenstein, 1985; Martins, 2000). This is
certainly the case for tenrecs, whose phylogenetic origins and interrelationships bear significantly on
fundamental questions surrounding their diversification. Here we review several published tenrec
phylogenies and compare their evolutionary, biogeographic, and taxonomic implications. We highlight
several disagreements among studies and suggest that extensive ingroup sampling is particularly crucial

to recovering our best estimate of tenrec phylogeny.

Two decades of tenrec phylogenetics

Of the 30 described tenrec species, all but three are endemic to Madagascar (Table 1). The
African Potamogalinae (the semiaquatic otter-shrews) have traditionally been regarded as the closest
living relatives of the Malagasy tenrecs (see review in Olson, in press), though opinions have varied
regarding their status as a subfamily of the Tenrecidae versus their own familial distinction (see Stephan
& Kuhn, 1982). The remaining extant tenrecs are all found on Madagascar. The Tenrecinae (spiny
tenrecs) are characterized by spiny pelage (lost or reduced iTadtdc ecaudatysnd body sizes
much larger than other Malagasy tenrecs (85->2,000 g). The Oryzorictinae includes the speciose genus
Microgale (shrew tenrecs; see pp. xx), which range from 3.4-37 g and are generally shrew-like in

appearance; the rice- or mole-tenrg@sygoricte3, whose two species share several presumed
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specializations for semifossoriality reminiscent of fossorial talpids (e.g., enlarged forefeet; reduced eye
and pinna; silky pelage); and the web-footed or semiaquatic témmewpgale largest species in its
subfamily at over 70 g and the only semiaquatic mammal on Madagascar (see Benstead and Olson, this
volume). The diminutive large-eared tenr@eogale auritahas traditionally been placed in its own
subfamily due in large part to its peculiar dentition (e.g., Butler, 1985) but is also characterized by its
mouse-like external appearance (Eisenberg & Gould, 1970). Despite the long-recognized distinctions
that set each of these groups apart from one another, few, if any, morphological synapomorphies have
been identified at any taxonomic level and relationships among and within the four subfamilies remain
the subject of debate.

Although currently placed in the order Lipotyphla (formerly Insectivora: Butler, 1984; Hutterer,
1993; McKenna & Bell) with the remaining insectivore families (moles, shrews, golden moles,
hedgehogs, and solenodons), recent molecular evidence suggests that golden moles and tenrecs are
instead collectively derived from a clade of nonlipotyphlan African mammals (Springer et al., 1997,
Olson, 1999). Morphological studies have not supported this, however (Asher, 1999; Rose 1999), and
the higher-level origins of both tenrecs and golden moles (Chrysochloridae) remain in dispute. As the
focus of this paper is on the interrelationspihin Tenrecidae, and given the current state of
disagreement among researchers over interfamilial relationships of African and lipotyphlan mammals,
we will limit our discussion to tenrecs except when hypotheses of familial nonmonophyly require

otherwise.
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Eisenberg (1975, 1981) was the first to propose an explicit hypothesis of intergeneric
relationships among Malagasy and African tenrecs (Figure 1a), although this was based on speculation
rather than an analysis of comparative data. Like most authors before him, Eisenberg assumed
monophyly of the Malagasy taxa and a sister relationship with the potamogalines. Perhaps the most
noteworthy implication of Eisenberg's hypothesisimmnogales position basal to the Malagasy species,
rendering Oryzorictinae paraphyletic and suggesting a possible semiaquatic ancestor of the Malagasy
tenrecs (see below). Neither of these issues were addressed at the time.

In their description of the putative African fossil tenretiddamathaia,Jacobs et al. (1987)
cladistically analyzed four dental features in several tenrec taxtNdainathaiaresulting in the tree
shown in Figure 1b. In striking contrast to Eisenberg's hypothesis, Malagasy tenrecs were not recovered
as monophyletic, nor were oryzorictines. However, only two of the characters analyzed were
phylogenetically informative, and no justification was provided for character polarity or the rooting of
their tree. Furthermore, the affiliation bikdamathaiawith tenrecids has not been widely accepted
(e.g., McKenna and Bell 1997; Olson, 1999, in press).

Recently, Asher (1999) performed phylogenetic analyses on 33 mammalian taxa, including
representatives of all tenrecid genera, scored for 71 morphological characters. Different combinations
of alternative character weighting and ordering schemes and the treatment of characters with missing
entries resulted in eight separate analyses. A strict consensus of the resulting trees (trimmed of all taxa

outside of the tenrec+golden mole clade) is shown in Figure 1. As with Jacobs et al. (1987), Asher's

Olson and Goodman, 4



study did not support monophyly of the Malagasy tenrecs or Oryzorictinae. In contrast to previous
hypotheses, howevdrimnogale was consistently recovered as sister to the African potamogalines.
Quick to acknowledge the possibility of convergent features (due to similar lifestyles) contradicting
phylogenetic signal, Asher identified two synapomorphies supportingrtireogale-potamogaline
grouping which did not appear to be related to their semiaquatic behavior (see below), which had
traditionally been assumed to be independently acquired by each taxon . Equally surprising was the
inconsistency with which Tenrecidae was recovered as monophyletic, with four of the eight analyses
supporting a nested position of golden moles within tenrecs.

Olson (1999, in press) conducted a similar study with 125 morphological characters and 29
tenrec species but with less dense outgroup sampling. A strict consensus of the most parsimonious trees
is given in Figure 2. As with Asher's study, Olson's analyses did not support tenrecid or oryzorictine
monophyly. However, the Malagasy tenrecs were recovered as monophyletiamwvitdgalein a
clade of nonspiny tenrecd he first phylogenetic study to treat individual specielicfogale as
taxonomic units, this was also the first to suggest that shrew tenrecs do not comprise a natural group,
requiring five additional steps in a search constrained to find only those trees containing a monophyletic
Microgale. Resolution among nonspiny Malagasy species was generally poor, and beyond the support
for monophyly of the Malagasy tenrecs and agaihstrenogale-potamogaline clade, the phylogenetic
results from this study were equivocal.

Finally, Olson (1999; in prep) performed a phylogenetic analysi8,000 base pairs of

mitochondrial and nuclear DNA in 26 tenrec species and numerous outgroup taxa representing a broad
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sample of mammalian orders. Although results varied by analysis, most favored a monophyletic
Tenrecidae with consistently high support for a clade of Malagasy tenrecs. When the molecular and
morphological data were combined for a reduced taxon set and subjected to equally-weighted parsimony
analysis, a single most-parsimonious tree resulted (Figure 3), in hilmclogalewas recovered as

nested well within shrew tenrecs. Regardless of how the data were analyzed and the number of taxa
included, thd.imnogale-Microgale clade was consistently recovered and supported by several unique,
unreversed molecular synapomorphies ranging from amino acid substitutions in the ND2 gene to novel
ribosomal structural elements implied by the gene encoding 12S rRNA (both mitochondrial genes).
Relationships terminal to this node were generally less stable, with the precise positonagfale

relative to the different species of shrew tenrec poorly supported by bootstrap values. Similarly,
Geogalés position basal to the remaining Malagasy species (and hence the interrelationships among the
three Malagasy subfamilies) was not confidently resolved.

Each of these hypotheses uniquely conflicts with the currently accepted classification of tenrecs
(Table 1) at one (or more) of three levels. Although assumed by earlier authors (Eisenberg, 1981,
Jacobs et al., 1987; Figure 1), monophyly of the Tenrecidae has not received subsequent morphological
support (Asher, 1999; Olson, 1999, in press). Neither of the latter authors was able to demonstrate
nonmonophyly, however, and subsequent molecular evidence tends to support a tenrecid clade (Olson,
1999; in prep). Oryzorictine monophyly is, to date, only recovered by molecular characters (with our
without the addition of morphological data; see Figure 3). Finally, contrary to historical assumptions of

shrew tenrec monophyly (Eisenberg, 1981; Jacobs et al., 1987; MacPhee, 1987; Goodman and Jenkins,
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1998; Asher, 1999), the genMiicrogale does not appear to be monophyletic based on both
morphological and molecular analyses when multiple specigiécobgale are included (Olson, 1999; in
press; in prep.). We support the notion that taxonomy should reflect phylogeny but are equally emphatic
that radical taxonomic revision should be undertaken with circumspection and attention to historical
nomenclatural precedent, however dauntingly complex it may be. We anticipate a synthetic
classification of Tenrecidae in the near future consistent with the comparative data at hand but
conservative in its designation of new higher taxa. Whether this will necessitate synonymy of
Limnogalewith Microgale (its senior synonym under this option; Table 1), the resurrectiblesdgale
Thomas 1918 (foMicrogale dobsonandM. talazac), and/or the erection of one or more new genera of
shrew tenrec, we believe that relatively few modifications of the classification in Table 1 will be
necessary to reconcile tenrecid taxonomy with phylogeny.

In addition to their taxonomic incongruities, these hypotheses differ fundamentally in their
biogeographic and evolutionary implications. We explore two such issues to demonstrate the need for a
well-tested phylogenetic framework in interpreting the patterns underlying insular radiations. To this

end, we include all of the aforementioned phylogenetic hypotheses in the following discussion.

Biogeographic implications and the origin of Malagasy tenrecs

With respect to Madagascar's living mammals, a vicariant origin is now generally considered to
be irreconcilable with the comparatively ancient separation of Madagascar from Africa (complete by
>40 million years ago; Krause et al., 1997; Hay et al., 1999). Despite some noteworthy exceptions (e.g.,

indigenous humans, flying foxes), most researchers agree that Madagascar's extant mammals are the
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result of overwater dispersal from Africa (Simpson, 1940; see review in Krause et al., 1997; but see
Jansa et al., 1999, for an alternative scenario proposed for rodents). Given these observations, attention
has turned to elucidating the timing and number of dispersal events in different groups of Malagasy
mammals. Information about each is critical to our understanding of the extent to which dispdrsal and
situ phylogenesis have contributed to the formation of Madagascar's mammalian diversity. For
example, Yoder and colleagues (see pp. xx) have demonstrated phylogenetically that modern lemurs (all
Malagasy endemics) are all descended from a single common ancestor that reached Madagascar from
Africa by the early Eocene. This strongly implies that lemur diversity is solely the result of "adaptive
radiation" and not separate colonizations, as had been argued by previous authors (e.g., Cartmill, 1975).
A similar debate has unfolded around Madagascar's endemic carnivores (see pp. xx). Tenrecs provide
an analogous case study. An African origin for tenrecs has never been contested and has received
support from both paleontological (Butler & Hopwood, 1957; Butler, 1969, 1978) as well as recent
molecular studies (Springer et al., 1997; Olson, 1999; in prep). Agreement ends there, however, with no
fewer than five separate and largely incompatible scenarios proposed (explicitly or otherwise) for the
sequence and number of colonizations required to explain the present distribution of tenrecs on
Madagascar.

Butler & Hopwood (1957) described an African Miocene form as congeneric with the extant
(and theretofore Malagasy endenfi@gdogale. Subsequently, Butler (1969, 1978) argued that dental
similarities between the African fossil taxon and the Malagasy sp@ciggritawere too specialized for

this group to have given rise to the remaining Malagasy tenrecs, arguing instéaelaalemust have
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colonized Madagascar separately. Though he later revised the generic status of the fossil form to
tParageogalgButler, 1984), he maintained his argument for multiple invasions. However, this was
never presented as an explicit phylogenetic hypothesis, and as such, certain aspects of Butler's ideas are
difficult to test phylogenetically. A sister relationship with the potamogalines or a position basal to all
extant tenrecs would certainly seem to support this scenario, requiring a minimum of two separate
invasions (or a single Africa to Madagascar dispersal followed by a back dispersal by the common
ancestor of the potamogalines). At the opposite extreme, a position nested well within the Malagasy
tenrecs would cast doubt @eogaleas an independent colonist. Because an African origiGdéogale

would imply thateverynode basal to it represented an African divergence, each of those nodes that gave
rise to one or more Malagasy tenrecs would therefore represent a separate colonization event by virtue
of the branching order. For example, if Eisenberg's hypothesis (Figure 1) represented the true
phylogeny andseogaletruly originated on Africa, each of the lineages bas&dogaleleading to (1)
Oryzorictes-Microgale (2) the spiny tenrec clade, and dnnogalewould had to have dispersed

across the Mozambique Channel separately, in this case summingrtionaumof four (presumably)
independent dispersal events. As discussed above and shown in F@gedzalés phylogenetic

position remains equivocal, although the combined molecular and morphological data sets of Olson
(1999) suggest a sister relationship to the remaining Malagasy species (assuming an African origin for
Geogalein this case would only require two transoceanic dispersal events). Further complicating the
matter is the growing doubt cast bRarageogales status as either a close relativésebgaleor a

tenrecid (Poduschka & Poduschka, 1985; see discussion in Olson, in press).
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In a similar vein, for each of the published hypotheses shown in Figs. 1-3, the optimization of
geographic distribution (either Africa or Madagascar) and number of implied dispersal events can be
calculated using standard parsimony (Table 2). If dispersal events in either direction across the
Mozambique channel are given equal weight, the number of such events varies between one and three
depending on the hypothesis considered (Table 2; in some cases multiple equally parsimonious
optimizations of dispersal events exist and are listed separately). Under these assumptions, several of
Asher's (1999) analyses recovering a nested position of golden moles within tenrecs (see Table 2)
suggest a Madagascar origin of Chrysochloridae followed by their dispersal to Africa and subsequent
extinction on Madagascatr; if chrysochlorids are alternatively constrained to an African history, a total of
four to five dispersal events are necessary. Many of Asher's (1999) analyses and one of the
parsimonious interpretations of the Jacobs et al. (1987) hypothesis imply the back migration of the
potamogalines to Africa from Madagascar. While such a complex history of exchange between
Madagascar and Africa has never been formally proposed for tenrecs (or golden moles), similar
scenarios involving bi-directional dispersals have been suggested for other vertebrate groups (e.g.,
gekkonid lizards; Kluge & Nussbaum 1995). The hypotheses of Eisenberg and Olson, in contrast,
require a single colonization and subsequent radiation from a common ancestor. Given the greater
number of ingroup taxa and characters sampled, and in light of the potential sensitivity of morphological
studies to the inclusion of multiple speciedvtrogale (see below), we accept Olson's results

supporting monophyly of the Malagasy tenrecs. As with lemurs, the diversification of tenrecs on
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Madagascar appears to have resulted from a single colonization event followed by an extensive

evolutionary radiation.

On the affinities of Limnogale "The aquatic syndrome" revisited

The manifest specializations found in various members of the Tenrecidae include spiny pelage
(Tenrecinae), semifossorialitp(yzoricte$, caudal prehensilityMicrogale longicaudaty seasonal
caudal encrassatioM(crogale dobsori communication via quill stridulatiorHemicentetesTenreg,
self-anointment with defensive toxingdhinop$, vermivory Hemicentetés and postpartum estrus
(Geogalg, to name a few (see Olson, in press, for discussion and references). Many of these (e.g., spiny
pelage, caudal encrassation) represent convergent acquisitions of analogous features found in other
mammalian families. Within tenrecs, however, most are believed to have evolved only once, with one
noteworthy exception. All three African potamogalines as well as the Malagasy dpetiegale
mergulusengage in semiaquatic carnivory, a niche unoccupied by any other Malagasy tenrec.
Beginning with its description (Major, 1896), most taxonomists have aliredogalewith the
nonspiny Malagasy tenrecs (e.g., Wing, 1941; Simpson, 1945; Hutterer, 1993), ascribing its superficial
similarities and shared lifestyle with the potamogalines to a remarkable case of convergence (Eisenberg
and Gould, 1970). A minority viewpoint (Frechkop, 1957) advocated grolpimgpgalewith the
potamogalines based on their aquatic specializations, but Guth et al. (1959a) countered that nonadaptive
features of the basicranium strongly suggestltimmhogaleis essentially an aquatic shrew tenrec.
Despite the exhaustive comparative work of Guth et al. (1959a,b), the controversy was rekindled with

the claim made by Jacobs et al. (1987, p. 13)Limabogaleis "more similar to potamogalines than to
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other Madagascar tenrecids..." and, more recently, by Asher's (1999) results suggesting a
Limnogalerpotamogaline clade (Fig. 1). In contrast, Olson's morphological (1999, in press; Fig. 2) and
molecular results (in prep; Fig. 3) hearken back to Guth et al.'s (1959a) ndtiomoigaleas a derived
shrew tenrec.

If considered as a single feature (but see below) and optimized on the same trees considered in
the previous section, semiaquatic behavior can be interpreted as having evolved once, twice, or gained
and then lost (Table 2). This ties into the biogeographic discussion above. It could be argued, for
example, that overwater dispersal would be facilitated by aquatic adaptations, rendering such a scenario
more intuitively appealing if one or more of the dispersers were semiaquatic. Perhaps there is a
corollary here as to why hippos reached Madagascar while elephants, rhinos, zebras, and bovids did not.
In all of Asher's (1999) trees, semiaquatic behavior is inferred to have evolved only once, along the
branch leading to theimnogale-potamogaline clade (and presumably on Madagascar), suggesting the
ancestral potamogaline, having already evolved at least some semiaquatic adaptations, was better able tc
survive a return trip to Africa. Following this line of reasoning, one of the two optimizations of the
Eisenberg (1981) hypothesis is perhaps the most appealing of all, wherein the common ancestor to all
tenrecs was semiaquatic to begin with and diverged into at least two lineages, one of which dispersed to
Madagascar and subsequently diversified to include a preponderance of terrestrial forms found today but
with Limnogalesurviving as the sole relict of the group's amphibious heritage. If, on the other hand,
Limnogaleevolved from within the oryzorictines (Olson, 1999), the attainment of the semiaquatic niche

by otter shrews andmnogaleis unambiguously convergent.
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Treating "semiaquatic carnivory" as a single trait is admittedly specious. Of the numerous
features associated with this lifestyle (Voss, 1988; Kerbis Peterhans & Patterson, 1995; see pp. xx),
relatively few are consistent among all four species of semiaquatic tenrecid. These include webbed hind
feet (present ikimnogaleandMicropotamogale ruwenzoriabsent irM. lamotteiandPotamogalg, a
stiff fringe of hair along the lateral margin of the hindfoot (presehtrirmogaleand both species of
Micropotamogaleabsent ifPotamogalg, and a reduced philtrum (obliterated in all three
potamogalines, persistent and well developddnmogalg. Olson (1999, in press) included all of
these as characters in his morphological study yet still found no suppottifonagalerpotamogaline
association, suggesting that any similarities due to convergence were not overturning the phylogenetic
signal in other characters. Ironically, Asher (1999) did not include any of the features thought to be
associated with semiaquatic carnivory in his analyses yet consistently recovered a
Limnogalerpotamogaline clade. This was attributed to two synapomorphies with no known relationship
to semiaquatic behavior, fenestrate basioccipital and absence of a lacrimal foramen (although Butler &
Hopwood [1957] had previously suggested that the latter was correlated with an aquatic mode of life).
The former (fenestrate basioccipital) was found to be variali(eogalebut otherwise restricted to
Limnogaleand the potamogalines, while the absence of a lacrimal foramen was claimed to be a unique
synapomorphy of the aquatic tenrec clade. Olson (1999, in press), however, showed that the
basioccipital fenestration in question (the hypoglossal foramen) was as well developed, if not more so,
in some species dflicrogalethan inLimnogale suggesting the need to include several diverse

representatives of the shrew tenrecs to avoid spurious character state reconstructions. The effect of
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under-representing morphological variation in shrew tenrecs can be demonstrated by reanalyzing
Olson's (1999; in press) morphological matrix with all speciddiofogale exceptM. talazaci(the only
shrew tenrec represented in Asher's [1999] study) excluded, which results in a single most parsimonious
tree withLimnogalebasal to the remaining Malagasy tenrecs (compare with Fig. 2). Indeed, repeating
the analysis with different single speciesMitrogale dramatically affectbimnogalés position (results
not shown ), although in no case wdsranogale-potamogaline clade recovered.

With regard to the secorkdmnogalerpotamogaline synapomorphy reported by Asher (1999), it
was found thaLimnogales lacrimal canal, albeit diminutive, was present in all of the specimens
analyzed by Olson (in press). When Asher's (1999) data matrix is amended to reflect the condition of
Limnogales lacrimal canal (his state 2, p. 245, "opens up posteriorly into the orbit...and...situated on the
posterior margin of the infraorbital canal”; see Figure 5 in Olson, in press) and his analyses repeated, the
Limnogalerpotamogaline clade is no longer consistently recovered (though some of his assumption sets
continue to support this clade).

Resolution olLimnogalés phylogenetic position is critical to each of the issues considered here
(taxonomy, biogeography, and the evolution of semiaquatic behavior). We believe the current evidence
favors a Madagascar derivationlamnogaleand the diphyletic evolution of semiaquatic carnivory in

Tenrecidae. The next step will involve clarifying relationships among oryzorictine species.

The future of tenrec systematics

With the exception of the above disagreement over character coding, we suggest that most of the

discrepancies between the morphology-based phylogenies discussed here stem largely from differences
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in taxon sampling, particularly the inconsistent samplinlicfogale species. Nearly two-thirds of
living tenrecs are in the genlscrogale, whose taxonomic and morphological diversity is still being
described (see pp. xx). For example, half of the postcranial skeletal characters included in Olson's
(1999; in press) study, many of which have been frequently employed in studies of higher-level
mammalian systematics with generally sparse sampling of tenrecids (e.g. Novacek, 1986; Frost et al.,
1991; Rose, 1999), were found to be variatithin Microgale Of these same characters, none varied
betweerEchinopsandSetifer two taxa whose generic distinctions have traditionally rested on the
absence of the third molars in the former and little else (Thomas, 1892), and whose overall similarities
lead to their occasional misidentification in museum collections (pers. obs.). We point this out merely to
illustrate what we believe to be a loose, at best, correlation between generic and morphologic
distinctiveness in tenrecids, one which calls into question the frequent practice of employing generic-
level exemplars in systematic studies that include tenrecs (Frost et al., 1991; Gould, 1995; Asher, 1999;
see Binida-Emonds et al., 1998). Further complicating the matter is the ongoing elucidation of species
boundaries iMicrogale, with the continued description of newly discovered forms, the resurrection of
others from synonymy, and emerging molecular evidence for multiple topologically disparate "cryptic"
species of shrew tenrec. Issues outside of the Oryzorictinae remaining to be resolved include the
position ofGeogaleand tenrecine interrelationships, both of which are relevant to the interpretation of
evolutionary change in major morphological, karyological, and physiological features (Olson, 1999).

A fully resolved, well-supported phylogeny of all living tenrec species is likely years away and

unlikely to unfold without controversy. Even at this still-early stage, however, important conclusions
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can be drawn from recent studies and directions for future research identified. We reserve hope that

future studies will continue to be driven by excitement and optimism rather than doom and urgency.
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Figure 1. The phylogenetic hypotheses of Eisenberg (1981; generic taxonomy updated), Jacobs et al. (1987; generic
taxonomy updated), and Asher (1999; strict consensus of the most parsimonious trees from all eight analyses. Taxa
outside the golden mole+tenrecid clade not shown). Numbers in parentheses indicate the total number of taxa included
in the original analyses for a particular higher taxon. Malagasy tenrecs are denoted inside a dashed box.
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originally identified asvlicrogale taivamay represent an undescribed species
(Olson, Goodman, and Yoder, in prep.).



Table 1

Tenrecidae Gray, 1821:301.
Geogalinae Trouessart, 1879:275.
Geogale Milne-Edwards and G. Grandidier, 1872:1.
G. aurita Milne-Edwards and G. Grandidier, 1872:1.
Oryzorictinae Dobson, 1882b:71.
Limnogale Major, 1896a:318.
L. mergulusMajor, 1896a:318.
Microgale Thomas, 1882:319.
. brevicaudataG. Grandidier, 1899:349.
. cowani Thomas, 1882:320.
. dobsoniThomas, 1884:337.
. drouhardi G. Grandidier, 1934:474.
. dryas Jenkins, 1992:53.
. fotsifotsy Jenkins et al., 1997:2.
. gracilis (Major, 1896a:321).
. gymnorhynchalenkins et al., 1996:211.
. longicaudataThomas, 1882:320.
. monticola Goodman and Jenkins, 1998:149.
. hasoloiJenkins and Goodman, 1999: 156.
. parvula G. Grandidier, 1934:476.
. principula Thomas, 1926:250.
. pusilla Major, 1896b:462.
. soricoidesJenkins, 1993:2.
. taiva Major, 1896b:461.
. talazaci Major, 1896a:318.
. thomasiMajor, 1896a:318.
OryzorlctesA Grandidier, 1870:50.
O. hovaA. Grandidier, 1870:50.
O. tetradactylusMiIne-Edwards and G. Grandidier, 1882:55.
Potamogalinae Allman, 1865:467.
MicropotamogaleHeim de Balsac, 1954:102.
M. lamottei Heim de Balsac, 1954:103.
M. ruwenzorii (de Witte and Frechkop, 1955:1).
Potamogaledu Chaillu, 1860:363.
P. velox (du Chaillu, 1860:361)
Tenrecinae Gray, 1821:301.
EchinopsMartin, 1838:17.
E. telfairi Martin, 1838:17.
HemicentetesMlivart, 1871:58.
H. nigriceps Gunther, 1875:125.
H. semispinosugG. Cuvier, 1798:108).
Setifer Froriep, 1806:15.
S. setosugSchreber, 1777:583).
Tenrec Lacépede, 1799:7.
T. ecaudatugSchreber, 1777:584).
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Table 1. Currently recognized classification of Tenrecidae. Supraspecific classification follows
Hutterer (1993) and McKenna and Bell (1997). Modified from Olson (1999; in press). See Olson
(1999) for complete bibliography on nomenclatural authorship.



Minimum implied
overwater dispersals

Africa Madagascar Evolution of
to to semiaquatic
Hypothesis Madagascar Africa Total behavior’
1 gain, 1 loss
Eisenberg 1981 1 0 1 or
2 gains
2 0 1 gain, 1 loss
Jacobs et al. 1987 or or 2 or
1 1 2 gains
Asher 1999
2 1
Assumption sets 1&2 or or 3 1 gain
1 2
Assumption sets 3&4 1 1 2 1 gain
Assumption set 5 1 1 2 1 gain
1 1
Assumption set 6 or or 2 1 gain
2 0
1 2
Assumption sets 7&8 or or 3 1 gain
2 1°
Olson, 1999 1 0 1 2 gains

Table 2. Minimum number of dispersal events and acquisitions of semiaquatic lifestyle in tenrecids implicit

in the phylogenetic hypotheses from figures 1-3. Dispersals are given equal weight with regard to
directionality (see below), hence multiple equally parsimonious interpretations in severafAasames

the fossil taxon Mdamathaiavas semiaquatic; a second loss is required otheriige most parsimonious

tree(s) from each of Asher's eight analyses ("assumption sets") were considered separately; those assumption
sets whose resulting trees were found to be identical with respect to events considered here are combined.
“The nested position of golden moles within Tenrecidae in some topologies necessitates a Madagascar origin
for Chrysochloridae followed by their dispersal across the Mozambique channel to Africa and subsequent
extinction on Madagascar. If golden moles are constrained to an African history, a total of 4-5 dispersal
events are necessary under assumption sets 1,2, 7, and 8 of Asher {1 @8%sumed that the acquisition

of a semiaquatic lifestyle postdated the divergence of tenrecids and their sister taxon, i.e. occurred along the
branch leading to tenrecs (or later).



