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Integrating Cretaceous fossils into the phylogeny of living angiosperms:
the case of the now-relict family Chloranthaceae

James A. Doyle, University of California Davis, USA

Chloranthaceae were among the first common angiosperm lines in the mid-Cretaceous, at which
time they were much more diverse morphologically than the four relict living genera. Phylogenetic
analyses clarify the position of these fossils in molecular phylogenies of living angiosperms and
their implications for morphological evolution in Chloranthaceae. The Cenomanian mesofossil
Couperites, represented by uniovulate carpels with adhering pollen of the Clavatipollenites type,
is not securely related to Chloranthaceae. By contrast, Albian plants that produced Asteropollis
pollen, which had three tepals adnate to a single carpel, are nested within crown group
Chloranthaceae, associated with Hedyosmum; seed anatomy and more labile in Situ pollen place
them on the stem lineage of Hedyosmum rather than in the crown group. The Albian mesofossil
Canrightiopsis, which had three stamens attached to the back of a carpel, is inferred to be sister to
Sarcandra and Chloranthus. This corroborates earlier inferences from later Cretaceous fossils
(Chloranthistemon) that the bizarre trilobate androecium of Chloranthus was derived by fusion of
three stamens. By contrast, Albian bisexual flowers named Canrightia, which phylogenetic
analyses attach to the stem lineage of Chloranthaceae, illustrate an intermediate stage in reduction
from the many-parted flower of the first angiosperms. Other fossils support morphological and
molecular analyses that identify the reduced aquatic genus Ceratophyllum as the sister group of
Chloranthaceae. Albian plants with pollen of the Pennipollis type appear to be related to
Chloranthaceae and/or Ceratophyllum, not to monocots as originally proposed. The Albian
mesofossil genus Appomattoxia, which has pollen of the Tucanopollis type, has equivocal
affinities, but Pseudoasterophyllites, a Cenomanian halophyte with similar pollen and stems with
reduced leaves, shows better evidence of being a link between Chloranthaceae and Ceratophyllum.
These results imply that flowers of Chloranthaceae became unisexual before losing their perianth,
while the bisexual flowers of Canrightiopsis, Sarcandra, and Chloranthus may be secondarily
derived from unisexual flowers. Impressions of leaves and inflorescences from the Albian of Spain
indicate that Chloranthaceae had reached a modern level in non-floral characters too, but they also
appear to be stem relatives of modern clades rather than crown group members of any genera. The
unexpected importance of Chloranthaceae during the rise to dominance of angiosperms may reflect
adaptation to more open habitats and a reversion from insect to wind pollination as the family
spread out from the tropical belt.



