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ABSTRACT.
genus Stonesia G. Taylor (Podostemaceae, Podoste-

The traditional circumseription of the

moideae) mcludes three species restricted to western
tropical Africa. Here, a new species, 8. ghoguei E.
Pfeifer & Rutishauser, 1s described, which represents
the first Cameroonian member of the genus. There are
another three Stonesta species restricted to western
tropical Africa (Guinea and Sierra Leone). The
genus Stonesia 1s characterized by capsule valves
with five or seven ribs each, with the rnbs nearest the
sutures shorter and not reaching the ends of valves.
This
Madagascan genera FEndocaulos (. Cusset and
Paleodicraeia C. Cusset. Molecular (matK) data
indicate that this capsule pattern 1s homoplastic,

unique pattern 1s shared with the two

occurring 1n Madagascar and (with Stonesia) 1n
tropical Africa. Various characters of Stonesia
(including S. ghoguet) are also found 1n other
African podostemoids. These include flower buds
inverted 1n the sac-like spathella; crustose roots or
broad ribbons with exogenous root lobes (daughter

roots); stems usually simple (rarely branched), up to
10(—-40) ecm long; tlowers arising primarily from
endogenous buds 1nside the stem cortex in S.
ghoguer and S. fascicularts G. Taylor; and leaves
with
epiphyllous flowers arnsing from the clefts of these

repeatedly forked 1into narrow segments,
forks in 8. ghoguei and S. heterospathella G. Taylor.

Unlike the western African Stonesia species, S.

ghoguer has pollen mainly released 1in monads (not

only dyads), one stamen per tlower with two lateral

tepals (not two stamens with three tepals), and
unilocular ovaries (not bilocular ones).

Key words: Cameroon, cauliflory, endogenous tlo-

ral buds, epiphyllous flowers, IUCN Red List,
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Ledermanniella, Podostemaceae, Stonesia, structural

diversity.

The Podostemaceae (river weeds}) are mainly
restricted to tropical rivers, watertalls, and cataracts
in regions with distinet seasonality, where they grow
attached to rocks or other solid substrata without

penetrating them. The vegetative plants are complete-

ly submerged in swiftly running water during the rainy
season. Emergent flowers and fruits are tormed when
the water recedes during the dry season. The
Podostemaceae are the largest group of strictly
aquatic tlowering plants (Cook, 1999). Most of the
ca. 280 species and many of the 49 genera are
endemic to small geographical areas such as a single
river or a country (Ameka et al., 2003; Cook &
Rutishauser, 2007). They show three main centers ot
biodiversity: Latin Amenca, tropical Africa, and

South to Southeast Asia (Engler, 1928; Cusset,
1967; Kato, 2006). There are 16 genera and ca. 85

species known from Africa and Madagascar; except
for Tristicha Thouars, all of them are endemic to
Africa and/or Madagascar. Eight of the 15 endemc
genera occur with just one species in Africa or
Madagascar. Most genera, including Stonesia, consist
of six or fewer species. Ledermanmella Engler (as
defined by Cusset, 1974, 1983, 1984) 1s the only
species-rich exception in Africa, containing ca. 46
species. This genus, however, seems to be artificial,
because—based on molecular and morphological
evidence—various small African genera of Podoste-
moldeae are nested in it. According to Moline et al.
(2007), all podostemoids studied from Continental

Africa form a clade that 1s sister to the Madagascan
genera FEndocaulos C. Cusset and Thelethylax C.
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Cusset. The reader will find identification keys,
drawings, and short descriptions of all African and
Madagascan taxa on the website: <http://www.systbot.
uzh.ch/podostemaceae> (Rutishauser et al., 2007).
Stonesia as a new podostemoid genus was deseribed
by Taylor (1953). There have been three Stonesia
species described; these are confined to a small region
in Guinea and Sierra Leone, western tropical Africa
(Cusset, 1973; Lebrun & Stork, 199]1; Cook &
Rutishauser, 2007). The genus Stonesia as known
until now was distingmishable by the combination of
three unmique characters: (1) the number of capsule

ribs varies from 12 to 18 (1.e., there are five to seven

ribs per valve plus the sutures, usually marked by
twin ribs that disappear atter dehiscence); (2) the ribs

nearest to the sutures do not run the whole capsule
length but begin on the suture above the base and,

curving parallel to the other ribs, rejoin 1t below the
apex; and (3) flowers show two stamens on a common

foot (andropodium) and three subulate tepals, one

tepal on each side of the andropodium, and the third

tepal in the fork between the tilaments.

We studied recently collected accessions from
Cameroon, which represent a new species attributed

to Stonesia.

MATERIALS AND METHODS

The plant specimens used in the present study were

and preserved 1n 70% ethyl alcohol. The wet

fixed

plant material 1s deposited 1n the National Herbarium
of Cameroon (YA) and the Herbarium of Zurich
Universities (Z/ZT). For scanning electron microsco-
py, the dissected plant parts were critical point dried
and sputter-coated with gold. The electron micro-
oraphs were taken with a JEOL scanning electron
microscope (JEOL, Ltd., Tokyo) at 20 kV. For
microtome sections, specimens were embedded 1n
Kulzer’s Technovit 7100 (2-hydroethyl methacrylate;
Heraeus Kulzer GmbH, Wehrheim, Germany) and
sectioned with a MICROM HM 355 rotary microtome
(GMI, Inc., Ramsey, Minnesota, U.S.A.) and conven-
tional microtome knife types C and D. The mostly

7 um thick sections were stained with ruthenium red
and toluidine blue.

To test possible relationships of Stonesia ghoguer to
African and non-African taxa, we conducted a
phylogenetic analysis based on matK sequence data.

A modified data set by Moline et al. (2007} (tree base
M2581) was used. Of these taxa, Cladopus japonicus

Imamura (selected outgroup = OG), Dicraeanthus
africanus Engler, Diinga felicts C. Cusset (accessions
1 and 2), Endocaulos mangorense (Perrier) C. Cusset,

Hydrobryum japonicum Imamura (0G), Lederman-
niella bifurcata (Engler) C. Cusset, L. ct. bosuz C.

Cusset, L. bowlingii (J. B. Hall) C. Cusset, L.
ledermannii (Engler) C. Cusset (accessions 1 and 2},
L. letouzeyr C. Cusset, L. linearifolia Engler, Podos-

temum ceratophyllum Michaux (0G), Polypleurum
(Wight) J. B. Hall (0G), Thelethylax

minutiflora (Tulasne) C. Cusset, and Zeylanidium

stylosum

olivaceum Engler (OG) were included, and 5. ghoguer
(from the type Ghogue GHO 1665; GenBank Acec.

No. AM937251) was added. A maxamum likelihood
(ML, Felsenstein, 1981) analysis was performed using
PAUP 4.0 (Swofford, 1998). To determine the

nucleotide substitution model that best fits the data,

the hierarchical likelihood ratio test was used in
Modeltest 3.0 (Posada & Crandall, 1998). ML
analyses specitying the TVM + G model were
implemented as heuristic searches with a 100
random-addition-sequence, tree bisection-reconnec-
tion, and steepest descent options. The same options
were used for ML bootstrap analyses (100 replicates).

RESULTS

Stonesia ghoguei E. Pfeifer & Rutishauser, sp. nov.
TYPE: Cameroon. Adamawa:

Negaoundéré, Tello
Waterfalls, 1100 m, 07°14'00"N, 13°57°00'E, 16
Feb. 2005, J.-P. Ghogue GHO 1665 (holotype,

YA; isotypes, K, Z). Figures 1-5, 6A-G, [-M.

Haec species a congeneris tepalis lateralibus duobus,
stamine 1 quoque flore solitario, ovario umloculan atque
polline plerumque 1n monadis liberato distinguitur.

Caulescent herb, attached to rocks; roots (thallus)
dorsiventrally flattened, ribbon-like, more rarely
crustose, root cap lacking, root with exogenous
daughter roots or lobes; vegetative stems and
reproductive short shoots arising from endogenous
buds inside root, arranged along root margin, or in

cleft of lobed root; vegetative stems to 10 cm, simple,

o1ving rise to leaves on one side (due to dorsiventral

distichy). Foliage [leaves with repeatedly {forked

segments, to 8.5 cm, distal segments linear, slightly
tlattened and when young provided with hairs on
one side. Bracts below or between flowers of repro-
ductive short shoots 1 or 2, entire or bifid, usually
inconspicuous; spathellas (sac-like covers) around
each ftloral bud are oveid, with papillate surface;
flowers along root margin, or sessile on upper root
surface; flowers also along stems, arising from
endogenous buds inside stem cortex; additional

tlowers on leaves (epiphyllous), arising from clefts of
leat forks; flower bud inside spathella completely
inverted; tlower in anthesis 1-1.5 mm; with pedicel
ca. 2 mm, curved at apex, at last erect, elongating to
4 mm; tepals 2 and stamen 1; pollen released in

monads, rarely dyads; ovary unilocular, lacking
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1. Sionesia ghoguei (from the type Ghogue GHO 1665). Roots and root-borne shoot buds. —A. Ribbon-like root
around stem base (see Fig. 6K). Arrow points to foliage leat ansing from endogenous site along root margin. Note

adhesive hairs on flat lower root surface. Scale bar = 1 mm. —B. Distal portion of flattened root (R} becoming erustose due to
the outgrowth of exogenous lateral lobes (R"). Arrows point to foliage leaves arising from endogenous sites along root margin.
Scale bar = 1 mm. —C. Cross section of ribbhon-like root with young endogencous shoot bud (arrowhead). Note inconspicuous

layer of
of anot
root sid

[ vascular tissue inside root and adhesive hairs along lower surface. Scale bar = 500 um. —D. Cross section (left half)
her ribbon-like root. Arrowheads point to layer of vascular tissue. Scale bar = 250 um. —E. Close-up of lower (ventral )
e with adhesive hairs. Scale bar = 100 um. —F. Cross section of flattened crustose root. Arrow points to reproductive

short s

oot arising from root margin. Scale bar = 500 pm.
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Figure 2. Stonesia ghoguet (from the type Ghogue GHO 1665). Leaty stems, compound leaves, and epiphyllous shoots.
—A. Growing tip of vegetative shoot (as drawn in Fig. 6C, E}, with two nearly mature leaves (11, 12) removed except for
their petiole bases. Outgrowing leat 13 with forked blade. Note hairs covering lower side of distal blade segments.
Outgrowing yvoung leaf 14 1s ohservable on backside between 12 and 13. Scale bar = 1 mm. —B. Close-up of young leaf 14
arising from pocket between 12 and 13. Arrowhead points to lateral stipule attached to leat 13. Scale bar = 500 pm. —C.
Distal portion of nearly mature compound blade. Few hairs along lower surface of distal leat segments still present. Scale
bar = 1 mm. —D. Cross section of distal leat segment (flattened, with indistinct vascular bundle). Scale bar = 100 pm.
—E. Proximal portion of compound blade, with two forks occupied by epiphyllous tlower clusters. Scale bar = 1 mm.
—F. Cross section of proximal blade fork, its cleft occupied by an epiphyllous short shoot with four flower buds,
surrounded by a spathella each. Scale bar = 500 pm. —G. SEM graph of another proximal blade fork, with epiphyllous leat

arising from cleft. Scale bar = 1 mm.
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Figure 4. Sionesia ghoguei (from the type Ghogue GHO 1665). Reproductive structures, especially floral buds arising from
stems and roots. —A. Cluster of floral buds on stem surface. Note presence of papillose spathellas (Fe), most of them ruptured
in order to release anthers and gynoecia (G). Scale bar = 1 mm. —B. Strongly inclined floral bud (spathella removed), with
yvoung anther (A}, ovary (), and tepal (T). Scale bar = 200 pm. —C. Similar stage of strongly inchined floral bud nside
spathella, with prominent papillae (Fe). Abbreviations as above. Scale bar = 100 um. —D. Longitudinal section of young
ovary, showing early stage of anatropous ovule, ansing from central placenta. Note nucellar region (arrowhead) with megaspore
cell projecting beyond the two primordial integuments. Scale bar = 100 pm. —E. Completely inverted floral bud on elongated
pedicel (P) prior to anthesis (spathella removed). Ovary (G) with two linear stigma lobes. Note deep cleft between the two
thecae (A). Scale bar = 400 pm. —F. Another completely inverted floral bud (spathella removed). The ovary (young capsule)
partly dehisced. Note central placenta with few ovules (immature seeds) and without septum. Scale bar = 500 pm. —G. Cross
section of nbbon-hike root (R) with short shoot consisting of two flowers in spathellas (Fc). Arrowhead points to the

“inflorescence axis,” surrounded by scale-like bracts. Scale bar = 500 pm.



108 Novon

—

e

—— P

Figure 5. Stonesia ghoguet (from the type Ghogue GHO 1665). Reproductive structures such as stamen, pollen, ovary, and
capsule. —A. Cross section of free theca tip with two pollen sacs. Immature pollen grains arranged in dyads and tetrads. Scale
bar = 50 um. —B. Two tricolpate pollen grains released as monads. Scale bar = 5 pm. —C. Cross section of anthetic tlower
prior to spathella (Fc} dehiscence. Note presence of pedicel (P}, unilocular ovary (G) with 14 inconspicuous rnbs, and anther
with four introrse pollen sacs (A). Scale bar = 200 pm. —D. Nearly 1solobous (immature) capsule, two valves with seven ribs
each. Arrowheads point to the sutures along which the unilocular capsule will dehisce. Scale bar = 200 pm. —E, F. Two
views of mature capsule, dehiscing into two nearly equal valves, each one with seven ribs. One valve stays attached to the base
of the remaiming floral parts (A = filament, T = tepal). Scale bars = 250 pm.

septum, ellipsoidal, with 2 thread-like stigmas; Habitat and distribution. Stonesia ghoguer has
capsule widely ellipsoid, valves 2, equal or nearly been found in a strong waterfall on gneissic rock, on a
so, ribs best observable when capsules mature; 75°-80" slope. Due to the small population size, the

capsule valve with 5 or 7 nbs, ribs nearest the sutures  very limited area of occupancy with just one location,
shorter; seeds 15 to 20 per capsule. and vet the lack of data on change 1n population size,
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Figure 6. Sionesia ghoguet (from the type Ghogue GHO 1665: A—G, I-M; from the paratype Ghogue GHO 1668: H). —A.
Nearly mature capsule with peculhar rib pattern as typical for Stonesia, Endocaulos, and Paleodicraeia. Scale bar = 0.5 mm. —B.
Two vegetative shoots arising from ribbon-like root (R}). Scale bar = 15 mm. —C. Distal portion of elongate vegetative shoot,
lower leaves (1 to 6) dropped, upper leaves (7 to 13} with repeatedly forked blade. Scale bar = 15 mm. —D. Scheme illustrating
dorsiventral distichy of vegetative shoot, leading to secund leat arrangement (1 to 4) along stem (X}. Scale bar = 1 mm. —E.
Relative position of shoot tip shown in Figure 6C. Leaves 8 to 11 removed except for their petioles (see also Fig. 2A, B). Scale bar
= 5 mm. —F. Nearly mature leaf with blade repeatedly torked. Scale bar = 5 mm. —G. Close-up of distal blade portion with
three bifurcanons. Scale bar = 5 mm. —H. Older stem portion (X, 4 em long}, covered with many sessile tlower buds;
arrowheads point to spathellas that rupture to release flowers for anthesis. Scale bar = 5 mm. —I1, J. Portion of broad root ribbon
(R}, seen from above, with sessile flower buds (F) along margins and on upper root surface. Scale bars = 3 mm and 1.5 mm,
respectively. —K. Proximal portions of two root (R)-borne stems (X}, with basal leaves (L} already dropped. Arrowheads point to
outgrowth of young roots coilling around stem base (see close-up, Fig. 1A). Scale bar = 5 mm. —L, M. Two opposite views of
4.5 cm long stem portion with proximal leaves (1 to 4) dropped and distal leaves (5 to 7} still present. Arrowheads point to
emerging flower buds along oblique stem lines (see also close-ups 1n Fig. 3A, B). Scale bar = 10 mm,
























