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Figure 5. Pilgerina madagascariensis. —A. Flowering branch. —B. Cleared leaf showing venation pattern. —C.
Racemose inflorescence. —D. Open flower, viewed from top. —E. Stamens from back (left) and front (right). —F. Bud in
longitudinal section showing free-central pendulous placentation. —G. Fruit, lateral view. —H. Apex of fruit showing
persistent perianth lobes, disk, and style in 5- (left) and 4-merous (right) flowers. —I. Longitudinal section of fruit; ex =
exocarp, me = mesocarp, se = seed endosperm. —]J. Detail of embryos, lateral and side views. —K. Surface view of pyrene

(mesocarp plus enclosed seed). A-F drawn from J. Rabenantoandro et al. 3154 (MO), G-K drawn from H. Humbert 28660 (P).

bassin de la Menarahaka, prés du carrefour des routes
d’Thosy a Ivohibe et lakora, [22°32'S, 46°30'E], Service
Forestier (Capuron) 22622 (MO, P, TEF). Toamasina
Prov.: Ambodisaina, forét degradée, 17°17'25"S,
48°40'30"E, S. Rakotonandrasana 627 (MO); Andilamena,
Fivondronona Andilamena, Commune Andilamena, Foko-
tany Anony Ampamoha, forét de Soavalivato route Vohi-
traivo-Andilamena, 17°12"12"S, 48°33'08"E, R. Randria-
nawo, A. Ratodimanana, T. Razafindrabeaza, H.
Rajanatsoa, P. Rakotondramanza & O. Rabozanahary 825
(INH, K, MO, P, TAN); Lac Alaotra, Chutes du Maningory,
rive gauche, [17°22'S, 48°48'E], A. Homolle 531 (P).
Toliara Prov.: Mandena, Fort Dauphin, rt. de Sainte
Luce, forét de Mandena, forét séche littorale, 24°57'S,
47°00'E, L. Allorge & C. Bourgeois 850 (P), C. Bourgeois

36 (MO), N. Dumetz 1235 (MO, P, TAN); Mandena, Forét
marécageuse, M7 a Mandena, Ampasy, Taolagnaro,
24°56'08"S, 47°01'48"E, J. Rabenantoandro, R. Rabevohi-
tra, L. Randrihasipara & E. Ramisy 3154 (INH, MO[2], P,
TAN, TEF); Sainte Luce, N of Fort-Dauphin, NW of Sainte
Luce village, 24°45'12"S, 47°10'25"E, Z. Rogers, R.
Ranaivojaona, E. Ramisy, C. Davidson & S. Christoph
976 (B, BR, CAS, K, L, MO[2], NSW, P[2], PE, TAN[2],
TEF, US, WAG), G. McPherson, N. Dumetz & R.
Rabevohitra 14227 (B, MO, P, TAN, TEF), G. McPherson,
N. Dumetz & R. Rabevohitra 14843 (MO); Sakaraha, 18 km
E of Sakaraha on rd. to Thosy, 22°52'S, 44°41'E, J. Miller
& R. Keating 4532 (MO, P, TAN); Zombitse, Forét de
Besaka-Zombitsy, 15-20 km E of Sakahara, W of Tulear,
on Rte. #7, 22°46'S, 44°40'E, T. Croat 30716 (P).
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Discussion from Scleropyrum, particularly inflorescence structure

Features of the inflorescence and fruit indicate that
Staufferia and Pilgerina share an affinity with a group
of eight small Santalaceae genera previously recog-
nized by Stauffer (1957), namely Acanthosyris (five to
seven species, Costa Rica to northern Argentina; Nee,
1996; Ulloa Ulloa & Jgrgensen, 2002), Cervantesia
(one to four species, Andean Colombia, Bolivia,
Ecuador, and Peru; Pilger, 1935; Stauffer, 1961;
Nee, 1996; Ulloa Ulloa & Jgrgensen, 2002), Jodina
(one species, Bolivia, Brazil, Uruguay, and Argentina;
Stauffer, 1961; Nee, 1996), Scleropyrum (four to six
species, roughly India and China to Malesia and New
Guinea; Macklin & Parnel, 2002; Nianhe & Gilbert,
2003), Pyrularia (two species, eastern United States
and approximately India to China; Leopold & Muller,
1983; Nianhe & Gilbert, 2003), and Okoubaka (one to
two species, Ivory Coast, Ghana, and Democratic
Republic of Congo; Léonard & Troupin, 1950;
Villiers, 1973a, b). This grouping of genera, never
classified at a subfamilial level within the Santala-
ceae, was previously considered by Pilger (1935) to be
part of Osyrideae, which is a heterogeneous assem-
blage of 21 genera (Der & Nickrent, 2008). All of
these genera share drupaceous (pseudodrupaceous)
(not
sometimes erroneously reported; see Bhatnagar &

fruits with bony mesocarps endocarps  as
Sabharwal, 1969), and most possess fruits larger than
other members of Santalaceae (greater than 3 cm
diam.), although fruit size in Staufferia and Pilgerina
is smaller (less than 2 em long). The genera of our
Cervantesia clade (Fig. 1) have hermaphroditic flow-
ers with half-inferior ovaries, whereas four of the five
genera of the Pyrularia clade (Fig. 1) are dioecious
with inferior ovaries (the exception being Pilgerina
with hermaphroditic flowers). Features that appear
diagnostic for the Pyrularia clade (vs. Cervantesia
clade) are the straight (vs. contorted) placental
columns, reflexed (vs. straight) petals at anthesis,
and dorsibasifixed (vs. dorsifixed) anthers.
Relatively few autapomorphic (i.e., diagnostic)
character states exist for any one genus in the group,
and variation between genera generally involves
quantitative and continuous character states. A
cladistic analysis of morphological characters, such
as those selected characters shown in Table 3,
recovers a tree (Nickrent, unpublished data) that
shares few features of the molecular tree (Fig. 1), thus
suggesting that many of the morphological characters
are homoplastic. Despite this, genera in the Pyrularia
and Cervantesia clades are defined by unique

combinations of character states. For example,

Stauffer (1957)

morphological features that distinguish Okoubaka

listed a number of diagnostic

and fruit organization, which can be extended to
differentiate all members of the Pyrularia clade,
including our two newly named genera (Table 3).

Staufferia differs most notably from Okoubaka, the
most morphologically similar genus, by the smaller
inflorescences (4 to 10 vs. 50 to 100 flowers); smaller
(1.8-2 X [1.1-]14-1.6 cm vs. ca. 9 X 5cm),
obovoidal (vs. ellipsoidal) fruits; smaller (1.1-1.6 ¢m
vs. > 3 cm diam.), obovoidal (vs. ellipsoidal) pyrenes
(i.e., mesocarp plus the enclosed seed); smaller (ca.
1.5 mm vs. 7-8 mm diam.) persistent perianth;
thinner (0.5-1 mm vs. 15-20 mm thick), 5-sulcate
(vs. smooth) exocarp; and by the thinner (ca. 0.5 mm
vs. 3-4 mm thick), smooth (vs. deeply striate or
alveolate) mesocarp. Pilgerina is distinguished from
Scleropyrum by the smaller inflorescences (8 to 23 vs.
60 to 100 flowers); pedicellate (vs. sessile) flowers;
smaller (1.2-1.9 X 1.7-2.7 cm vs. ca. 3 X 2 cm),
broadly transversely ellipsoidal to subspheroidal (vs.
obovoidal to pyriform) fruits; broadly transversely
ellipsoidal to subspheroidal (vs. subspheroidal to
obovoidal) pyrenes; and by the thinner (ca. 0.5 mm
vs. 1.5-3 mm thick), smooth or finely striate (vs.
deeply striate or alveolate) mesocarp.

An argument could be made to lump instead of split
with regard to placement of these two new taxa in
distinct novel genera within the Santalaceae. Clearly
both are related to the three genera of the Pyrularia
clade, but given the topology of the phylogenetic tree
(Fig. 1), retaining monophyly would require several
unfavorable taxonomic transfers. If Staufferia were
considered congeneric with Scleropyrum, the two
species of Okoubaka would also have to be included,
resulting in an extremely morphologically heteroge-
neous Scleropyrum. A more radical approach would be
to lump Pilgerina, or even all five genera, into
Pyrularia (the oldest name, 1803), but this would only
exacerbate the problem of heterogeneity. As will be
shown below, the genera of the Pyrularia clade are
mutually as distinct, both by morphological and
molecular characters, as other genera in Santalaceae,
thus their classification at the generic rank is not
incompatible with the existing classification.

When using molecular data to delimit genera within
families, workers usually examine phylogenetic trees,
identify monophyletic and diagnosable clades, and
then name these clades (genera) with the goal of
minimizing disruption of existing nomenclature. This
approach was recently used to justify recircumserip-
tion of genera that display polyphyly and paraphyly
(e.g., Kellermann et al., 2005; Pfeil & Crisp, 2005;
Alejandro et al., 2005). In the latter study, the genus
Mussaenda L. (Rubiaceae) and relatives in tribe
Mussaendeae were recently reclassified based on
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molecular data. Combined trnT-F and ITS data were
used to justify lumping Aphaenandra Miq. into
Mussaenda, maintaining Pseudomussaenda Wernham
as a distinct genus and renaming a clade (composed of
both Landiopsis Capuron ex Bosser and Mussaenda
p-p-) as a new genus Bremeria Razafim. & Alejandro.
Unlike these analyses, however, genera of the
Pyrularia and Cervantesia clades are monotypic or
small, with each member recognized by distinct
diagnostic inflorescence and fruit features (Table 3;
see also Stauffer, 1957).

Molecular data have also been used to show that the
taxon “genus” is not equivalent within vertebrates
(Johns & Avise, 1998) and euascomycetes (Lumbsch,
2002), and it is reasonable to extrapolate this finding
to other groups, including angiosperms. The reasons
for inequivalency were summarized by Lumbsch
(2002), as were the effects this has on nomenclature,
specifically the ongoing debate between those advo-
cating the use of Linnaean ranks versus rankless
systems that utilize phylogenetic principles. Our
approach in this paper is essentially a combination
of these two philosophies. By naming two new
monospecific genera, we demonstrate our recognition
of this rank, while at the same time we adhere to the
concept of monophyly. Moreover, because molecular
data are available for these taxa, we are compelled to
utilize intergeneric genetic distances to maintain
internal consistency in our classification.

Using our four-gene matrix, uncorrected “p”
distances were calculated using PAUP* (Swofford,
2002) for all pairs of Santalaceae taxa (other models of
molecular evolution, including the general time
reversible, gave comparable results). The average P
value between the Pyrularia and Cervantesia clades
was 0.039. Within the Pyrularia clade, intergeneric
averaged 0.0165, whereas within the
Cervantesia clade the average was 0.0125. The latter
changed little whether one or both species of
Acanthosyris were included. Thus, it appears that

distances

there is greater differentiation between Old World
genera than between New World genera, at least for
the genes used in this study.

As a reflection of the lower level of generic
distinctiveness of Cervantesia and Acanthosyris, it
can be pointed out that several species have been
transferred from the former to the latter genus: C.
colombiana A. C. Sm. (Smith, 1937) to A. colombiana
(A. C. Sm.) Cuatrec. by Cuatrecasas (1950) and C.
glabrata Stapf (Stapf, 1906) to A. glabrata (Stapf)
Stauffer by Stauffer (1961). The average intergeneric
distances within the Pyrularia clade ranged from
0.0136 (Staufferia) to 0.0188 (Okoubaka) with a mean
across all genera of 0.0165. The distance for Pilgerina
(0.0176) was greater than the mean distance values for

both the Pyrularia clade and the Cervantesia clade
(0.0125). This approach provides additional, internal-
ly consistent genetic data that justify recognizing
these taxa as new monospecific genera, a result that is
not surprising given the level of endemism of
angiosperm taxa on Madagascar.

Our phylogeny suggests that in the Pyrularia clade,
the North American taxa are sister to an Afro-Asiatic
clade, whereas the Malagasy taxa form a paraphyletic
group. Using the age estimation of Malécot (2002), the
divergence between Pyrularia and other taxa occurred
during Middle Eocene, while the split of Okoubaka
and Scleropyrum took place sometime in the Late
Eocene. Given this, the speciation of the two Malagasy
genera may have occurred between the Middle and
Late Eocene, an age consistent with divergence dates
derived in other groups (e.g., cichlid fish [Yoder et al.,
1996], lemurs [Vences et al., 2001], chameleons
[Raxworthy et al., 2002], and Acridocarpus Guill. &
Perr. in the Malpighiaceae [Davis et al., 2002]).
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