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Text-fig. 10. Langtonia bisulcataReip et CHANDLER. a, b, e—g: Holotype, V. 22984, from micro-CT data. a: Dorsiventral view surface
rendering. b: Dorsiventral view translucent volume rendering showing outline of locule cast. ¢: Equatorial transverse fracture
showing paired dorsal infolds and locules with shape of a O in cross section, reflected light, V. 22993. d: Digital transverse section
from micro-CT data, of fruit with two well developed O-shaped locules, V. 22985. e-g: Successive digital transverse sections with
one well developed O-shaped locule and infolds of the abortive locule visible in (g) (arrows). h—j: Physical transverse thin sections
of specimen from middle Eocene Clarno Formation, Oregon, USA with well-preserved mesocarp including longitudinal canals in
(j) (arrows), USNM 424875; Scale bars 0.5 cm in (a, b), 2.5mm in (c-g), Smm in (h), 2mm in (i), 1 mm in (j); (a, b) share same scale

bar; (c, d) share same scale bar; (e, f, g) share same scale bar.

developed (Text-fig. 10d), but commonly with one of the
locules abortive (Text-fig. 10c, g, h). Unlike the other extant
and fossil genera of Mastixiaceae, each germination valve
of Langtonia has two dorsal infolds resulting in a locule
that has the shape of a ¢ in cross section (Text-fig. 10c—h).
Contrary to the situation in Mastixia and Eomastixia, where
ovular bundles follow the germination valve boundaries, the
vascular bundles of Langtonia are scattered, situated mainly
in the septal area in the endocarp on the ventral side of each
locule. The germination valves lack prominent vascular
bundles. The locule is lined by a uniseriate layer of relatively
large rectangular cells (Text-fig. 101).
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Kirchheimer (1957) questioned the affinity of Langtonia
to Mastixiaceae because of the double infolds which are
not seen in any other mastixioids. However, the woody
endocarps with elongate germination valves, and pendulous
anatropous seeds with ventral raphe (Reid and Chandler
1933: pl. 25, fig. 21, Manchester 1994: pl. 11, fig. 5)
support Reid and Chandler’s assignment. The endocarps
have elongate germination valves that extend the full
length of the locule as in extant Mastixiaceae, contrasting
with the apically confined valves of Nyssaceae (Admersinia
MANCHESTER, P.R.CRANE et GoLovN., Camptotheca DECNE.,
and Nyssa L.; fig. 12 in Manchester and Hickey 2007).



In western North America the same genus and species
is known from permineralized fruits in the Eocene Clarno
Formation (Manchester 1994) and by the distinctive
endocarp molds and locule casts from Paleocene Fort Union
Formation (Tiffney and Haggard 1996). Although well
represented in the London Clay, Langtonia has not been
observed in the carpofloras of continental Europe. Most
specimens are preserved with only the endocarp remaining,
but one of the Clarno specimens with intact soft tissue (Text-
fig. 10h—j) shows the presence of longitudinal canals (Text-
fig. 10j) similar to those seen in extant Mastixia (Manchester
and Collinson 2019: pl. 1, fig. 11).

Conclusions

The diversity of Mastixiaceae in the London Clay
flora was even greater than previously recognized. Both
extant genera, Mastixia (2 spp.) and Diplopanax, are now
recognized, plus six extinct genera: Exbeckettia, Lanfrancia,
Langtonia, Mastixiopsis, Portnallia, and Tectocarya for
a total of eight genera and nine species. This diversity,
together with that of Alangiaceae (Reid and Chandler 1933,
Feng et al. 2009), Cornaceae (Reid and Chandler 1933,
Manchester et al. 2010), Nyssaceaec (Reid and Chandler
1933, Zhou et al. 2020), and Curtisiaceae (Manchester et
al. 2007), indicates that the Cornales were prominent in the
early Eocene London Clay flora. Judging from the growth
habits of modern relatives, these plants were probably trees,
and coexisted in the London Clay community along with
other arborescent taxa including Juglandaceae, Lauraceae
and Magnoliaceae. The other most diverse families in the
London Clay carpoflora, including Menispermaceae (16
genera, 18 species; Collinson and Cleal 2001), Icacinaceae
(7 genera, 21 species; Stull et al. 2016), and Vitaceae (5
genera, 25 spp.; Collinson and Cleal 2001) probably were
mostly lianas.

A few million years prior to deposition of the London
Clay flora, the Paleocene floras of western North America
were home to a diversity of cornalean taxa, including
Cornus, Davidia BAILL., Amersinia, Browniea MANCHESTER
et L.J.HickeY, Langtonia and Mastixia as known from the
Paleocene Fort Union Formation (Tiffney and Haggard
1996, Manchester et al. 1999, Manchester 2002, Manchester
and Hickey 2007, Manchester 2014) and Denver Formation
(Huegele and Manchester 2020). By middle Eocene time, the
Clarno flora in western North America included Alangium,
Cornus, Nyssa, Mastixia, Langtonia and Mastixicarpum
(Manchester 1994), while in Europe, the Messel flora of
Germany included Alangium, Nyssa, and at least four
mastixioids (Collinson et al. 2012). The recognition of
“Asian” genera in the late Cretaceous and Paleogene of
Europe and North America underscores the necessity to
include fossil data in evaluating the biogeographic history
of the cornalean clade (Atkinson 2018, Atkinson et al. 2017,
2019, Fu et al. 2019).

The Mastixiaceae were especially diverse and abundant
in Paleogene of Europe and North America, although they
today are restricted to the Indomalesian region (sensu
Takhtajan 1969). Despite their richness in the Paleogene
of North America, there are no known post-Eocene

occurrences of mastixioids in North America. By contrast,
in Europe, the abundance and diversity of mastixioids was
maintained or even increased into the Neogene. Although
we are not aware of post-Eocene records of Langtonia,
another extinct genus, Retinomastixia, was well represented
in later European floras along with Mastixia, Eomastixia,
and Diplopanax (Kirchheimer 1938b, Gregor 1978, Mai
1993). As yet, mastixioid fruits have not been recovered
from Asian Tertiary floras. The question remains, when did
Diplopanax and Mastixia arrive to the regions where they
occur today?
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