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Abstract
A review is given of the studies of Ghillean Prance and associates on the
Chrysobalanaceae over the past sixty years. This has focussed on defining the generic
boundaries in the family and on monographic work with a worldwide approach to this
pantropical family. The importance of field studies for work on monographs and Floras
is emphasized. Monographs are still the basis for much work on conservation, ecology
and economic botany and are needed as a foundation for molecular studies. The
importance of being open to experimenting with new techniques and as a result being
willing to change the taxonomy in accordance with new findings is demonstrated and
emphasized. The twelve genera of the Chrysobalanaceae at the beginning of this career-
long study have now increased to twenty-eight in order to present a much better
monophyletic and evolutionary arrangement based on recent molecular evidence. In
particular it was necessary to divide and rearrange the originally large genera Parinari
and Licania into a number of smaller segregate genera. All known species were
included in a worldwide monograph published in 2003. A brief review of the economic
use for the family is given.

Keywords Fieldwork . Floras . Generic boundaries .Molecular taxonomy .Monographs .

Parinari . Phenetics .Rhabdodendron . Stylobasium

Introduction

I began to work on the Chrysobalanaceae in 1960 so it is now sixty years since I first
started looking at specimens of the genus Parinari from Africa in the Forest Herbar-
ium, Oxford (FHO). My thesis supervisor, Frank White, suggested that this would be a
good genus to study for my doctorate. As I have continued to study this family
throughout my career, I felt that now is a good time to look at the lessons learned
from a long-term study over this interesting period of much progress and change within
systematics. This has taken me on a journey from morphology and phenetics to the
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most recent molecular techniques. Perhaps my most important goal here is to show the
critical importance of monographic studies. I have been fortunate to work at research
institutions that have encouraged such long-term work. When I started work in 1960
the Chrysobalanoideae was generally regarded as a subfamily of the Rosaceae, for
example, by Graham (1960) in Kew’s Flora of Tropical East Africa. The certainty of
familial status and its distance from the Rosaceae were among the earliest conclusions
of my doctoral research. This was not really a new discovery as the group was given a
family name by Robert Brown in 1818. It is now well established as the family
Chrysobalanaceae embedded in the order Malpighiales. The Chrysobalanaceae has
turned out to be a good model for monographic and other studies. It has 545 species
of trees and shrubs, is pantropical and occurs in many different habitats from lowland to
montane and from forest to savanna. This paper is partially biographic but is mainly
about the progression of my studies and those of other researchers on the systematics of
the Chrysobalanaceae. It is a review of the lessons learned and the necessary changes to
the taxonomy as new data became available.

Towards a Doctoral Thesis

As mentioned above, it was suggested to me that the genus Parinari in Africa would
make a suitable topic for a doctoral thesis, and so I began by examining the specimens
of that genus in FHO and at Kew. It soon became apparent to me that the species
assembled in the genus Parinari were quite diverse and different from each other. The
differences used to separate groups of species within Parinari were much greater than
most of those used to separate the other genera of Chrysobalanaceae which had been
kept apart for almost 200 years. Following the work of Bentham (1840) any species in
the family with a bilocular ovary had been lumped together into the genus Parinari.
Early in my work it became apparent that the Parinari needed to be divided into several
genera based on criteria similar to those for defining other well-established genera of
the Chrysobalanaceae. Since Parinari is a pantropical genus this was not just an
African problem. After discussion with my supervisor it was decided that the topic of
my thesis should be a worldwide review of the generic concepts in the family rather
than a study of African Parinari.

In order to accumulate as much information as possible to make decisions about the
generic concepts of the family I sought morphological evidence from as many fields as
possible and the facilities available at Oxford were good for this. I spent much time in the
wood anatomy laboratory of Dr. Laurence Chalk, although the technicians were not very
keen on this study because the silica content of Chrysobalanaceae wood quickly blunted the
knives of their microtomes. I was also able to use the pollen laboratory of Dr. Geoffrey W.
Dimbleby to review the pollen of each genus. It was these early studies of wood anatomy
and pollen morphology that quickly convinced me that the Chrysobalanaceae was not
closely related to the Rosaceae because of significant differences in both the wood structure
and pollen morphology, and that I should follow those previous workers who had recog-
nized it as a separate family. I was also able to obtain seeds of several species of
Chrysobalanaceae from overseas collaborators and so blastogeny provided another source
of taxonomic characters. It was useful to see that disparate species placed in Parinari even
had different types of germination. This all led to the accumulation of a large number of
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characters to analyse for making decisions about the genera. Fortnightly visits were made
usually together with Frank White to the London herbaria of the Natural History Museum
(BM) and the Royal Botanic Gardens, Kew (K).

Table 1 shows the division of the genera of Chrysobalanaceae by four previous
systems. This indicates that there were a few differences, but much agreement about the
genera. Brown (1818) and Fritsch (1888) treated the group as a family, while Hooker
(1865) and Focke (1891) regarded it as a subfamily of Rosaceae. I took as a starting
point for my study the twelve genera of Focke (1891) which he divided into two
subtribes based on the insertion of the ovary in the receptacle, Chrysobalaninae
actinomorphic with the ovary inserted at the base of the receptacle, and Hirtellinae
more zygomorphic with the ovary inserted at or near the mouth of the receptacle. To
these I added three genera described after Focke (1891): Magnistipula Engler (1905),
Geobalanus Small (1913) and Afrolicania Mildbraed (1921) so the starting point for
my study was fifteen previously accepted genera.

Rejecting Lecostemon and Stylobasium

The defining morphological characteristic of the Chrysobalanaceae is the gynobasic style, a
relatively rare feature in the angiosperms. All the genera treated in Focke (1891) and Table 1
have this feature. It soon became apparent to me from the wood anatomy and pollen
morphology that despite having a gynobasic style, Stylobasium and Lecostemon did not
belongwith the other genera. Fritsch (1888) had already placed these genera into two separate
subfamilies of the Chrysobalanaceae. The inclusion of Lecostemon in Chrysobalanaceae was
proposed by Bentham (1853). He decided that four new species he described from South
America belonged to the Chrysobalanoideae because of their gynobasic style and he placed
them in Lecostemon a genus described by De Candolle (1825) based on a Mociño & Sessé
drawing from Mexico. Huber (1909) realised that the four species of Lecostemon described
by Bentham belonged to the then recently described genus Rhabdodendron Gilg and Pilger
(1905) at that time placed in the Rutaceae, and so he made the transfer. It is now clear from
the discovery of the original type drawing (Fig. 1) that Lecostemon belongs to the genus
Sloanea (Elaeocarpaceae), see Prance (1968a). I excluded Rhabdodendron (Lecostemon)
from the Chrysobalanaceae mainly based on the anomalous secondary phloem of the wood
and the punctate leaves. I placed it in its own family with the suggestion that it belonged near
the Phytolaccaceae, another familywith secondary phloem. Formany years this was disputed
and the rutaceous affinity defended by several researchers (for example, by Puff andWeber,
1976), but our later molecular evidence has clearly shown that Rhabdodendron is indeed in
the Caryophyllidae together with the Phytolaccaceae (Fay et al., 1997).

Stylobasium was another early exclusion from the Chrysobalanaceae. It was soon
apparent to me that this small genus of two species of shrubs from Australia differs
from Chrysobalanaceae in all important aspects including floral morphology, leaf
anatomy, wood anatomy, pollen grain structure and blastogeny. The details of this
study are given in Prance (1965). My suggestion then was that Stylobasium was so
different that the family of Stylobasiaceae Agardh (1858) should be recognised and that
it belonged in the Sapindales near to Sapindaceae and Anacardiaceae where
Desfontaines (1819) suggested it be placed when he described the genus. More recent
work has shown that Stylobasium is very close to Suriana and should be placed in the
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Surianaceae which has affinities to the Polygalaceae and the Fabaceae (Fernando et al.,
1993; Soltis & Soltis, 2000).

Phenetics and Changes in Generic Boundaries

Having rejected Stylobasium and Lecostemon (Rhabdodendron) from the
Chrysobalanaceae my doctoral work continued to sort out the remaining thirteen

Fig. 1 The holotype of Lecostemon terniflorum a drawing by Mociño & Sessé (=Sloanea terniflora (Moc. &
Sessé) Standl. erroneously placed in the Chrysobalanaceae. From the Torner Collection of Sessé and Mociño
Biological Illustrations, courtesy of the Hunt Institute for Botanical Documentation, Carnegie Mellon Uni-
versity, Pittsburgh, Pa
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genera. The initial phase was to gather as much information as possible to distinguish
these genera. This included pollen morphology (Fig. 2), wood anatomy (Fig. 3), seed
germination and a detailed study of the herbarium specimens at Oxford (FHO & OXF),
Kew (K) and the London Natural History Museum (BM). This study of 254 species of
Chrysobalanaceae accumulated a large data set. My work coincided with the emer-
gence of numerical taxonomy (phenetics) and so I decided with encouragement from
my supervisor to investigate this emerging field to analyse my data. This was one of the
first applications of taximetrics to analyse a sizeable group of higher organisms above
the species level. Character state data were gathered for 140 species from which I had
sufficient data. This consisted of 21 characters, most of them with multiple character
states. The methods and the full results were reported in detail in Prance et al. (1969).
During the time at Oxford on my thesis work I used two taximetric methods, Associ-
ation Analysis (Williams & Lance, 1958; Williams & Lambert, 1959, 1960) and
Principal Component Analysis (PCA, Jeffers, 1962). The PCA programmes of both
Williams and Jeffers proved more useful for taxonomic data than the Association
Analysis, a method mainly used for ecological data (Figs. 4, 5). The PCA analysis
clearly showed that Parinariwas an artificial agglomeration of species and it eventually
led me to divide the genus into eight separate genera (Table 2; Prance & White 1988).
In 1963 after completing my doctorate (Prance, 1963) I moved to The New York
Botanical Garden where I was fortunate to meet fellow staff member David J. Rogers
who was also an early pioneer of taximetrics. He and I were soon collaborating, and it
led to analysing my Chrysobalanaceae data by two methods of cluster analysis those of
Rogers and associates (Rogers et al., 1967; Wirth et al., 1966) and of J. Rubin (Rubin,

Fig. 2 The pollen of Chrysobalanaceae and excluded genera: a-g Chrysobalanaceae: a. Kostermanthus
heteropetalus (Scotech. ex King) Prance; b,c,g. Hirtella glandulosa Spreng; d. Chrysobalanus icaco L; e,f.
Grangeria borbonica Lam.; h. Stylobasium spathulatum Desf.; i. Rhabdodendron amazonicum (Spruce ex
Benth.) Huber
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1967, Fig. 6). The results from all these methods were compared in Prance et al. (1969),
and they all told the same story that to recognise the genera using consistent criteria
throughout the family Parinari needed to be split up.

The first of these changes to Parinari sens. lat. was published in Prance (1966b) in a
paper about the Angolan species of Chrysobalanaceae, where the old name Maranthes
of Blume (1825) was revived for Parinari subgenus Sarcostegia Benth. and Parinari
tessmannii Engl. was transferred toMagnistipula. Exellodendron, the only Neotropical
split from Parinari, was established in Prance (1972a) for four species that were quite
distinct from the rest, particularly by their small smooth fruit and the absence of
stomatal cavities on the underside of the leaves so typical of Parinari sens. str. This
new genus was named to honour Arthur Exell from the London Natural History
Museum (BM) who acted as my thesis supervisor for six months while Frank White
was on an extended field trip to Nigeria. The remainder of the segregates from Parinari
were treated in several different publications. Two small monospecific West African
segregates from Parinari, Bafodeya and Neocaryawere described and published by me
in White (1976). Kostermanthus was described in Prance (1979a) to accommodate

Fig. 3 The wood of Chrysobalanaceae: a Hymenopus heteromorphus (Benth.) Sothers & Prance, X.S. b
Parinari excelsa Sabine, X.S; c Maranthes corymbosa Blume, T.S. d Angelesia splendens Korth. T.S full of
tyloses. e Couepia guianensis Aubl. subsp. glandulosa (Miq.) Prance, T.S. f Chrysobalanus icaco L., T. S

203Sixty Years with the Chrysobalanaceae



Parinari myriandra Scortechini ex King, a species that did not even have the single
uniting character of Parinari sens. Lat., a bilocular ovary. The ovary of Kostermanthus
is unilocular and in addition it has stamens fused into a ligule which is not a feature of
Parinari but occurs in the Neotropical genus Acioa and the African genus
Dactyladenia. At some time in the past all three genera with a fused staminal ligule

Fig. 4 Projection of the first two components from the Williams Principal Component Analysis of
Chrysobalanaceae, from Prance et al., 1969, showing former species of Parinari scattered in many places:
filled circle – Parinari sens str.; open circles Atuna, open triangles Exellodendron, open squares Maranthes.
Destination of named species: P. tessmannii =Magnistipula tessmannii (Engl.) Prance; P. heteropetala =
Kostermanthus heteropetalus (Scortech. ex King) Prance; P. benna = Bafodeya benna (Scott-Elliott) Prance;
P. macrophylla =Neocarya macrophylla (Sabine) Prance; P. canarioides remains in Parinari
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were merged together into Acioa. Kostermans (1965) had already transferred
P. myriandra to Acioa and described two more species of the genus from Malaysia
and Indonesia. This is not supported by our later work which showed that the fusion of
stamens into a ligule has evolved separately on all three continents, consequently the
three genera with fused stamens are now regarded as separate and valid. The new genus

Fig. 5 Projection of the first two components from the Jeffers Principal Component Analysis of
Chrysobalanaceae, (from Prance et al., 1969). Key to symbols and names as in Fig. 3

Table 2 The genera and tribes as defined in Prance & White (1988). The genera that were formerly included
in Parinari are in bold face

Chrysobalaneae Parinarieae Couepieae Hirtelleae

Chrysobalanus Parinari Couepia Hirtella

Licania (+Moquilea Bafodeya Maranthes Dactyladenia

& Afrolicania) Neocarya Acioa Kostermanthus

Parastemon Exellodendron Magnistipula

Grangeria Hunga Atuna
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Hunga was described in Prance (1979a) for a distinctive group of eight species from
New Caledonia and New Guinea some of which were formerly in Parinari and others
in Licania, indicating the confusion of generic boundaries prior to this work. Also, in
tropical Asia the old generic names Maranthes Blume and Cyclandrophora Hasskl.,
long synonymised into Parinari, were revived by me as separate genera (Prance,
1966b, 1968b; Prance et al., 1969). Soon afterwards Kostermans (1969) found that
Atuna Raf. was an even older name for Cyclandrophora which is a widespread group
in Malesia and Oceania. All these changes to the genera of Chrysobalanaceae are
summarized in Table 3 and were published in full detail in Prance et al. (1988).

Fieldwork

During the studies for my doctoral thesis at Oxford I borrowed a considerable amount
of herbarium material from other herbaria. One of those loans was from the New York

Fig. 6 An example of one of the cluster analyses of Chrysobalanaceae: This one from the Rubin method. The
boxes represent the cluster and inside the contents are given. The dashed lines show which species cross over
to different clusters between the similarity levels. Box contents, using current names: 1. Parinari sens. str.; 2.
Bafodeya, Magnistipula tessmannii = subgenus Pellegriniella, Exellodendron and Parinari subgenus
anareolataKosterm.; 3.Magnistipula sens. str.; 4. Neocarya; 5Grangeria; 6. Atuna; 7Maranthes; 8.Hirtella;
9. Acioa; 10 Couepia. The long-established genera come out at the same level as many parts of the former
Parinari. (from Prance et al., 1969)

Table 3 The re-organization of Couepia in Sothers et al. (2014) divided to obtain monophyly

Couepia sens str.

Gaullettia new genus for 9 species formerly in Couepia

Couepia recurva Spruce ex Prance transferred to Hirtella

Couepia platycalyx Cuatr. transferred to Licania

Couepia longipendula Pilg. and C. dolichopoda Prance transferred to Acioa.
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Botanical Garden, which holds several of the type specimens that I needed to examine.
In the absence of Dr. Bassett Maguire, the curator of the NY herbarium, Howard Irwin
was in charge and he considered my request reasonable and so provided me with a
large number of important specimens on loan for study. On the return of Maguire from
a field trip to the Serra da Neblina in Brazil Irwin was reprimanded for sending the
Chrysobalanaceae specimens because Maguire had accumulated a large collection with
the intention of working on the taxonomy himself. However, this all worked out for the
good for me as a year later Frank White received a letter from Maguire asking two
things, firstly would White recommend me as a possible candidate for a postdoc to
work up his accumulated Chrysobalanaceae specimens and secondly did he think I
would be interested. Maguire had many commitments and realised that he would never
get to study the large amount of Chrysobalanaceae specimens in his possession. I
enthusiastically accepted this offer because it was a logical follow up to my thesis work
instead of the postdoc I had already been offered on East African ecology in Kenya.
When negotiations about the arrangements for my new job began, Maguire explained
that he did not have any funds to pay for my travel to New York. He said that instead he
had funds in the budget of his expedition grant and that he could pay for my travel from
that grant if I joined an expedition to the Wilhelmina Gebergte mountains in Suriname.
I accepted enthusiastically this even better offer to travel to New York via Suriname
and in August 1963 I joined the second half of the six-month expedition led by Howard
Irwin, the first half having been led by Maguire (Fig. 7). The details of this expedition
are given in my book (Prance 2014c) and so I will refer only to information relevant to
the Chrysobalanaceae. Two things were important for me: I was in the field with a
really good tropical botanist who was an excellent teacher, and I was in a center of
diversity of the Chrysobalanaceae. Almost as soon as I arrived in Suriname I was in a
savanna near the airport with Dutch botanist Dr. J. P. Schulz examining Hirtella
paniculata Sw. (Fig. 7B) and Licania incana Aubl. one of the species of
Chrysobalanaceae described by Aublet in 1775. A week later, after various technical
delays, I joined Irwin and his team at the base camp of the Wilhelmina expedition.
Howard pointed out to me that the tall tree beside one of the shelters was a species of
Chrysobalanaceae. We soon had a climber collecting specimens for me of Licania
majuscula Sagot. Thus, began my field study of the Chrysobalanaceae and of plants in
many other families and this has continued to the present day. My one-year postdoc at
The New York Botanical Garden turned into 25 years as a staff member with the
opportunity to carry out extensive fieldwork in the South American tropics. The time in
Suriname gave me the opportunity to study and collect a number of different species of
Chrysobalanaceae. I was delighted that Parinari campestris Aubl. was abundant along
the Lucie River by our base camp and that Chrysobalanus icaco L. and Hirtella
racemosa Lam. were abundant in the savanna surrounding the Kaiser airstrip from
which we flew in and out of the interior. Collections of Couepia obovata Ducke and
C. caryophylloides R. Ben. provided me with my first collections of that genus. I was
fascinated by Hirtella physophora Mart. & Zucc. (Fig. 8B) because it had swollen
domatia at the base of the leaf lamina that were inhabited by small ants. The 39
collections of 18 species in five genera from Suriname was an excellent beginning
for my field studies of the Chrysobalanaceae. The other benefit of joining that
expedition was the mentoring I received from Howard Irwin, who knew the plant
families so well and instructed me both on plant family identification and on collecting
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methods. This set me up well for the future because in August 1964 I was on my own
expedition in Brazil with two experienced mateiros (field botanists), Nilo da Silva and
Bento Pena. More details of my 39 plant collecting expeditions while I was at The New
York Botanical Garden are given in Prance (2014c) and here I just want to refer to the
importance and relevance of fieldwork for monographic studies.

During my doctoral studies I had many discussions with Frank White about the
functional syndromes that led to the morphological differences I was using for my
taxonomic decisions. Functional syndromes were a passion of Frank’s and so in his
memory several of his former students and associates published a Festschrift for him on
the topic, The Biological Monograph (Hopkins et al., 1998). Frank wrote in Prance &

Fig. 7 The Suriname expedition. a The team members left to right: Howard Irwin, Noel Holmgren, Thomas
Soderstrom, Frederik. b My first photo of Chrysobalanaceae, Hirtella paniculata Sw. c Hirtella racemosa
Lam. Also in Suriname
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White (1988): “Without ecological understanding taxonomy is lifeless and dull, and
taxonomically important information goes undetected.” I remember discussing with
Frank the reasons for the differences in flower structure between the genera Couepia
and Hirtella, and before I had seen any of them in the field we decided that Couepia
with its white flowers and a mass of brush-like stamens must be a moth pollinated
genus and that Hirtella often with red flowers and fewer stiff, erect stamens was
probably by pollinated butterflies. This has proved to largely true from my field
observations except for the bat-pollinated flagelliflorous Couepia longipendula Pilg.
And C. dolichopoda Prance (both later transferred to the genus Acioa). The under-
standing of the biological role of the morphological characters used to define species
and genera is essential for all taxonomic work. These characteristics are largely derived
from co-evolution with pollinators, agents of dispersal, herbivores and seed predators
and in adaptation to different ecological niches.

Fieldwork allows one to understand the ecology of the taxa under study. The
Chrysobalanaceae, predominantly a lowland group, has adapted to many different
habitats, and knowledge about this is most useful addition information for defining
species boundaries. An example is the five species of the South American genus
Exellodendron, one of the segregate genera from Parinari. Exellodendron barbatum

Fig. 8 Two examples of Hirtella. a Hirtella rugosa Thuill. ex Pers. from Puerto Rico with redder and more
closed flowers than other species of the genus and is pollinated by hummingbirds b Hirtella physophoraMart.
& Zucc. has swellings at the leaf bases occupied by ants, a mutualism that helps to defend the leaves from
predators
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(Ducke) Prance is a species of terra firme forest and riversides, E. coriaceum (Benth.)
Prance is a species of savannas and savanna margins, E. cordatum (Hook. f.) Prance is
found in the caatinga forest of northeastern Brazil, E. gardneri (Hook. f.) Prance is
found in the cerrado of central Brazil and E. gracile (Kuhlmann) Prance is a rare
species of the Mata Atlántica of the state of Espírito Santo. In Amazonia there are many
pairs of closely related species where one grows in the upland terra firme forest and the
other in the periodically flooded várzea forest. Two examples of this are Hymenopus
oblongifolius (Standl.) Sothers & Prance on the terra firme and the closely related
H. macrophylla (Benth.) Sothers & Prance on the periodically flooded várzea forest or
Parinari campestris Aubl. in the riverine gallery forest and P. rodolphii Huber in the
terra firme forest. Parinari is generally a genus of very large trees on all three
continents where it occurs, but it is interesting that the genus has evolved a geoxylic
suffrutex species on all three continents as an adaptation to poorer soils and open fire-
prone habitats: Parinari obtusifolia Benth. (Fig. 9A) in the cerrado vegetation of Brazil,
P. capensis Harv. in the Kalahari sands of Africa (Fig. 9B) and P. nonda Benth. in the
savannas of northern Australia; I have been able to study all three species in the field.

In my monograph of Neotropical Chrysobalanaceae, Prance (1972a), I lumped
together a polymorphic assemblage of specimens under the aptly named Licania
heteromorpha Benth. (now Hymenopus heteromorphus (Benth.) Sothers & Prance).
After extensive fieldwork for the Flora of the Ducke Forest Reserve some segregate
species began to make sense and I described Licania adolphoduckei Prance,
L. laevigata Prance, L. occultans Prance and L. sothersii Prance (now after the
molecular work described below all are species of Hymenopus). Hymenopus
heteromorphus is still in need of further work and a phylogenomic study would help
to work on the true taxonomy of this ochlospecies. Incidentally this shows how
important intensive fieldwork is when writing Floras. In a small ten-thousand hectare
reserve where I had been many times during the previous twenty years the field studies
for the Flora yielded two new species of Chrysobalanaceae, Licania adolphoduckei and
L. sothersii.

I had often wondered why the flowers of Hirtella rugosa Thuill. ex Pers. (Fig. 8A)
from the mountains of Puerto Rico were so different from the rest of the genus until I
made some field observations and saw hummingbirds visiting the flowers of this
species of an otherwise predominantly butterfly-pollinated genus. Two small changes
evolved to allow this adaptation to a more appropriate pollinator in this windy montane
habitat: the calyx is coloured scarlet rather than green and it does not spread open as in
other species of Hirtella. Instead, it forms a scarlet tube that keeps the 3 stamens erect
and ready to brush into the chest of a visiting bird. There is no doubt that fieldwork has
helped to improve my taxonomy in Chrysobalanaceae and in other families that I have
studied.

Monographs

The first major product of my research and early fieldwork in Suriname and Brazil was
a monograph of the Chrysobalanaceae for Flora Neotropica (Prance, 1972a). This
treated the 328 American species including 84 new species and the reduction of many
previous names into synonymy. The fact that there were so many new species indicated
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the need for that study. By 1989 so much more new information had been gathered
from the fieldwork by many people that a supplement to the original monograph was
necessary (Prance, 1989a). This included the 63 new species that had been described in
the fifteen years since the 1972 monograph. This was followed by a treatment of the 35
Asian and Malesian species for Flora Malesiana (Prance, 1989b). Next was a treatment
of all 531 species of the family then known in Species plantarum, Flora of the World
(Prance & Sothers, 2003a, 2003b). This included the species from Africa and Oceania
that had not been treated in the earlier works. As new molecular techniques emerged,
this well-established baseline taxonomy of a large tropical family has greatly facilitated
progress in Chrysobalanaceae research as discussed below. I have previously stressed
the importance of morphology-based monographs as a basis for much further research
in biogeography, ecology and conservation (Prance 1985b; Prance 2011) and I continue
to stress this here because many large and important tropical plant groups are still
lacking definitive monographs. For this reason I have continued monographic work
beyond the Chrysobalanaceae: in Lecythidaceae (Prance &Mori, 1979; Mori & Prance,
1990), Proteaceae (Prance et al., 2008b) and Rhizophoraceae (Prance, 2018). It is the
morphological species that is the basic unit of conservation and plant use as well as

Fig. 9 A few species of Chrysobalanaceae are geoxylic suffruteces and examples. a Parinari obtusifolia
Hook. f. from the cerrado region of Brazil. b Parinari capensis from the Kalahari sands of Africa. c
Geobalanus oblongifolium (Michx) Small from the everglades of Florida
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being the concept of organisms most understood by the general public at large. Mayo
and Allkin (2008) referred to this as the ‘reification’ of the species, that is the
transformation of an abstract idea into a material object. The data centralized in
monographs provide much of the information needed for conservation. They have
been extensively used to locate hotspots and centres of diversity and to compile the data
for IUCN Red Lists. Another example of the use of monographs in research is the study
of the floristics of white-sand forests of García-Villacorta et al. (2016) who used the
Chrysobalanaceae monographs and Pennington’s (1990) monograph of the Sapotaceae
as a basis for this research on the floristic links between different areas of forest on
white sand in the Guianas and Amazonia.

Economic Botany

An important aspect of fieldwork and compiling data for monographs is that both help
one to learn about the various uses for the plants that one is studying. This has certainly
been true in the Chrysobalanaceae (Prance 2005) and has taken me into some interest-
ing ethnobotanical studies (Fig. 10). The species that gives its name to the family,
Chrysobalanus icaco L. or the cocoa plum is a popular fruit around the coastal areas of
the Caribbean and eastern South America. Hicacos, as the fruit is called locally, are
bottled in sugar and sold in Colombia and Venezuela and the fruit eaten as far South as
Rio de Janeiro. Many species of Chrysobalanaceae produce edible fruits that are
popular in local markets because of the fleshy mesocarp of the drupaceous fruits, for
example, Couepia subcordata Benth. ex Hook. f. (mari-mari) and C. bracteosa Benth.
(pajurá, Fig. 10A) in Amazonia and C. rufa Ducke (oiti coro) in the markets of
Pernambuco. The fruits of Parinari excelsa Sabine and P. curatellifolia Harv. ex Sond.
are much eaten in Africa. Charred kernels of a species of Parinari have been found at
archaeological sites on the Nyika Plateau of Malawi and found as fossils (Tiffney et al.
(1994). The fruit ofMoquilea platypusHemsl. has been used since prehispanic times in
Mexico (Ochoterena-Booth & Olvera, 1992) and is still a popular fruit today.Moquilea
tomentosa Benth., from northeastern Brazil, is a popular fruit, but is most used as a
shade tree for streets in many towns throughout Brazil. The cotyledons of many
Chrysobalanaceae produce useful oils. Atuna excelsa (Jack) Kosterm. subsp. racemosa
(Rafin) Prance (local name ififi), a widely distributed species in Malesia and Oceana,
has an oil that is used as a medical massage in Samoa and Fiji (Fig. 10D, E, F, G;
Prance et al., 2008, Prance, 2008c). It has been shown that this oil does indeed have
anti-inflammatory properties (Noreen et al., 1999; Prance 2005). Other species have
oils that are used for lighting or cooking. Mexican natives used to string up cotyledons
of Licania arborea Seem. (now Microdesmia arborea (Seem.) Sothers & Prance) to
burn progressively along the line as lamps and the same use for Chrysobalanus icaco
seeds was recorded by Morton (1981). Microdesmia arborea and the closely related
M. rigida (Benth.) Sothers & Prance from northeastern Brazil yield a fast-drying oil
similar to that of Aleurites, the source of tung oil which has been much used in paints.
Various species of Acioa have furnished a popular cooking and lighting oil in Central
and Western Amazonia, Acioa longipendula (Pilg.) Sothers & Prance used to be
cultivated and used for its edible oil around Manaus, and A. dolichopoda (Prance)
Sothers & Prance in Colombia and Peru and A. edulis Prance in the Purus River region
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of Brazil are still in use today. One of the most unusual uses of the family is by many
indigenous peoples in the Amazon who use the bark ash of various species of Licania
and Couepia to harden their pottery vessels (Fig. 10C). This is due to the silica content
of the bark that enables them to be used as cooking vessels that can be placed on fires.
Knowledge of this use has spread from Peru at the foot of the Andes through to Marajó
island in the Amazon Delta region (see Beck & Prance, 1992; Prance 2005). There are
also many reports of the use of species of Chrysobalanaceae in folk medicine for

Fig. 10 Uses of the Chrysobalanaceae. a edible fruit of the pajurá, Couepia bracteosa Benth. b the oil-
producing seed of castanha de cutia, Acioa edulis Prance. c the bark ash of Licania species used in indigenous
ceramics throughout Amazonia. d the fruit and pulp of Atuna excelsa (Jack) Kostermans used to treat bruising
injuries. e a samoan healer preparing Atuna oil. f a samoan man caulking his boat with the pulp of Atuna seeds
after the oil is extracted. g the fruits of Atuna excelsa.
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example of Chrysobalanus icaco (Vargas et al., 2010; Paracampo et al., 2017) the
leaves of which have been used for a tea to treat leucorrhea, haemorrhages and chronic
diarrhea. Carnevale Neto et al. (2013) reviewed the chemistry and the medicinal uses
from many worldwide sources for several species of Licania sens. lat. and Parinari,
and for Chrysobalanus icaco.

Phytogeography and Conservation

The accumulation of biogeographic information together with habitat data from field-
work gives the opportunity to analyse these data for conservation purposes. Mono-
graphs contain distribution maps of all the species, and they are becoming increasingly
easy to manipulate with computerised mapping and are useful for biogeographic and
conservation studies. Soon after producing my first monograph data available I began
to use them to determine areas of endemism and likely Pleistocene forest refugia in
Amazonia (Prance 1974a) and to delimit the phytogeographical regions on Amazonia
(Prance 1977). In Workshop 90 in Manaus Brazil in 1990 on Biological priorities for
conservation in Amazonia (Prance 1990a), the data from my monographs of
Chrysobalanaceae (Prance, 1972a), Lecythidaceae (Prance & Mori, 1979; Mori &
Prance, 1990), Dichapetalaceae (Prance, 1972b) and Caryocaraceae (Prance 1973a)
was used together with data from other sources to determine priority areas for conser-
vation. Later the data from these monographs was analysed by a more quantitative
method using the Worldmap programme of Paul Williams (Williams, 1993; Williams
et al., 1996a, 1996b). This enabled an analysis of gaps in the collecting sample as well
as centers of diversity. Worldmap automates several simple heuristic techniques for
searching for sets of complementary areas to represent species. The algorithm com-
prises four stages. The first begins by selecting all of the areas with species that are
recorded from only one grid cell (i.e. the most narrowly endemic or regionally unique
species), because these areas are vitally important for conservation and listing of the
species. The second stage continues by selecting a sequence of grid cells to maximize
the complementary range-size rarity score at each step, until all species are accounted
for at least once. Selecting preferentially for grid cells with the more narrowly distrib-
uted species is one way to find a small set of areas that are likely to be important for
conservation. The third stage checks back through the selected grid cells for any that
lack unique species in order to eliminate redundant grid-cell choices within the selected
set. This yields a ‘near-minimum-area’ set, although marginally smaller, truly
minimum-area sets may exist. An optional fourth stage in the heuristic procedure is
used to re-order the grid cells of the chosen set into some priority ranking for
conservation action. This review concentrates on the developments in monographing
the Chrysobalanaceae but I wrote a lot more about this important use of phytogeo-
graphic data for conservation planning in Prance (1994a).

The Molecular Revolution and Phylogeny

The work described above was based on traditional methodologies of phenetics and
phyletics based mainly on morphology. As DNA evidence has emerged, in some cases
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this has turned out to be an accurate predictor of relationships and in others less so. Up
to the mid-twentieth century Chrysobalanaceae was considered either as a subfamily of
the Rosaceae or near to the Rosaceae and Leguminosae in the Rosales. It was also in
the Rosales of Cronquist (1988) and of Takhtajan (1969) and in a separate order
Chrysobalanales in Takhtajan’s Superorder Rosanae in Takhtajan (1996). R. Dahlgren
(1980) also placed the family in his order Rosales, but in the final revision of this
system it was placed in the order Theales far from the Rosales (G. Dahlgren, 1989),
agreeing with the opinion of Thorne (1992). An interesting divergence from the
traditional placement of the Chrysobalanaceae in the Rosales was that of Hallier
(1923) who suggested a phylogenetic relationship to the Linaceae. He proposed a
merger of Chrysobalanaceae, Dichapetalaceae and Trigoniaceae into a single family
derived from the Linaceae and Polygalaceae. There is now a consensus from molecular
studies that the Chrysobalanaceae belongs to Eurosid I clade in the order Malpighiales
(Chase et al., 1993; Davis & Chase, 2004; Soltis & Soltis, 2000; APG, 1998; APG IV,
2016). Furthermore, it is close to the Dichapetalaceae, Trigoniaceae and Euphroniaceae
supporting the hypothesis of Hallier (1923), and these are the outgroups that we have
used for our own molecular work on the family. It is interesting that while working on
Chrysobalanaceae I received many specimens for identification of Dichapetalaceae and
of Euphronia mistakenly thought to be Chrysobalanaceae. This led me to prepare a
monograph of the Neotropical Dichapetalaceae (Prance, 1972b), and to suggest to my
student Eduardo Lleras that he work on the Trigoniaceae (including Euphronia at that
time) for his doctoral thesis (Lleras, 1978). That was before I was aware of the
relationship between Chrysobalanaceae and these families. Various sister-group rela-
tionships have been proposed as subclades within the Malpighiales for the
Chrysobalanaceae: Trigoniaceae (Chase, 1993) Dichapetalaceae (Soltis & Soltis,
2000) Balanopaceae (Soltis et al., 2005) and Euphronia (Litt & Chase, 1999).

More detailed molecular studies within the Chrysobalanaceae began with the doc-
toral work of Deepthi Yakandawala (née Dissanayake) at Reading University super-
vised by Cynthia Morton and me (Dissanayake, 1999; Yakandawala et al., 2001, 2010).
The aim of this study was to look at the monophyly, or lack thereof, of the genera of
Chrysobalanaceae using morphology, rbcL and ITS sequences. Yakandawala was able
to obtain material for DNA analysis of 16 of the 17 genera of Prance & White (1988)
and was only missing Parastemon whereas all previous molecular studies placing the
Chrysobalanaceae in the Malpighiales had been based on material of only two or three
genera. Dichapetalum and Euphronia were both used as outgroups by Yakandawala.
This study indicated a molecularly well-defined monophyletic family that is sister to
Euphronia, and it showed that the tribal arrangement of Prance & White (1988) was
paraphyletic. Figure 11 shows the Bayesian consensus tree from the combined analysis
of Yakandawala. The abbreviations on the right-hand side stand for the four tribes of
Prance & White (1988) and it shows how paraphyletic they were. Some of the
subclades in this cladogram are interesting. The genera formerly placed in Parinari
are spread throughout with Atuna being basal. The three genera with a staminal ligule,
Acioa, Dactyladenia and Kostermanthus are in the same subclade, and an interesting
clade has Exellodendron and Hunga together, an association that has reappeared in our
later molecular work.

More recently I have been collaborating with two groups working on the molecular
genetics of the Chrysobalanaceae: Jérôme Chave, his student Léa Bardon and others at
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Université Paul Sabatier in Toulouse (Bardon et al., 2012, 2016) and Cynthia Sothers,
Mark Chase and others in the Jodrell Laboratory at Kew (Sothers et al., 2014, 2016).
The work of both groups was only possible because of the existence of detailed
monographs (Prance, 1972a, 1979; Prance & Sothers, 2003a, 2003b) as a basis to test
their evolutionary hypotheses. The Toulouse group have concentrated on ancestral state
reconstruction and on the biogeography of speciation over time and the Kew group
more on producing a monophyletic classification of the family. These studies demon-
strated a lot of paraphyly in the generic concepts and tribes of Prance & Sothers. The
first molecular study of Sothers concentrated on the genus Couepia (Figs. 12, 13). It
clearly showed that Couepia was polyphyletic and taxonomically it resulted in

Fig. 11 One of the cladograms from the analysis of Chrysobalanaceae by Yakandawala et al. (2010). The
righthand column represents the tribal assignment in Prance &White (1988): CHR =Chrysobalaneae; COU=
Couepieae; HIR =Hirtelleae; PAR = Parinarieae, an indication that these tribes are polyphyletic
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describing the small genus Gaulettia for a group of nine species mainly in white-sands
areas of the Amazon and Guianas, and the transference of Couepia recurva Spruce ex
Prance to Hirtella, of Couepia platycalyx Cuatrec. to Licania and of Couepia
longipendula Pilg. and C. dolichopoda Prance to Acioa (Fig. 13 and Table 3). Four
of the species now in Gaulletia were already grouped together into the Couepia parillo
superspecies by Prance (1972a). The placement of Couepia platycalyx has always been
difficult on morphological grounds as it shares characters in common with both
Couepia and Licania. Cuatrecasas (1950) when he described this species called it an
“extraordinary member of Couepia” because of its flat, solid receptacle. In Prance
(1972a) I also expressed doubts about its affinity because of the rather different ovary
and fruit. At that time there were only two specimens available for study. Now there are
many collections of C. platycalyx available and plus many more of other species of
Licania, so after further molecular work we decided that C. platycalyx is best treated as
a monospecific genus that we named as Cordillera in Sothers et al. (2016) after its
montane ecology. We now know that Cordillera platycalyx (Cuatrec.) Sothers &
Prance is quite widespread ranging from Costa Rica and Panama through Colombia
to Ecuador, usually in highland forests from 1000 to 2500 m altitude. The two species
transferred to Acioa have also always been regarded as distinct within Couepia as both
have reddish flowers and are bat-pollinated, as opposed to most other species of
Couepia which have white flowers and are moth- or bee-pollinated. Although both
lack the traditionally defining character of stamens fused into a ligule, they share many
other characters with the genus Acioa.

Fig. 12 Couepia and the segregates from it. a Couepia grandiflora (Mart. & Zucc.) Benth. ex Hook. f. b
Gaulletia parillo (DC.) Sothers & Prance. c Acioa edulis Prance. d Acioa longipendula (Pilg.) Sothers &
Prance
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An important aspect of the molecular work is the determination of the basal genus of
the family and its evolutionary history over time. The early diverging genera have
varied slightly from one analysis to another and is still rather uncertain at present, In
Bardon et al. (2016) Kostermanthus from Malesia was early diverging and Neocarya
and Parinari sister to it. In Sothers et al. (2016) the monospecific West African genus
Neocarya was basal with Parinari sister to it. but it seems that Neocarya, Bafodeya,
Parinari and Kostermanthus are near to the base. The Toulouse group (Chave et al. in

Fig. 13 A combined Bayesian half-compatible phylogenetic tree of Couepia and sister lineages from Sothers
et al. (2014). The outgroup Euphronia not shown due to its long branch length. This shows the species
removed from Couepia to the new genus Gaullettia and that Couepia recurva is sister to a species of Hirtella
and is now Hirtella recurva (Spruce ex Prance) Sothers & Prance. Used with the permission of Cynthia
Sothers
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press) are working on a dated phylogeny based on the plastid genome that dates the
family back to the late Miocene. The family appears to have originated in the
Paleotropics followed by a rapid diversification in the Neotropics at a much later date.
In this new analysis based on plastomes Kostermanthus and Bafodeya are recovered as
the earliest diverging genera.

This review concentrates on the generic boundaries of the Chrysobalanaceae, and
there is much more information beyond that in the papers from both groups (Bardon
et al., 2012, 2016, Chave et al., in press, Sothers et al., 2014, 2016), These papers
contain the cladograms involved (Figs. 14, 15 and 16). The splitting up of Parinari by
Prance & White (1988) is confirmed by the molecular work and the pantropical
Parinari sens. Strict. holds together well. In Sothers et al. (2016) we published the

Fig. 14 A phylogenetic tree of Chrysobalanaceae from plastid plus nuclear markers, from Bardon et al.
(2012). Branches supported by bootstrap values >80% are thick and those with bootstrap values 60–80%
marked by an asterisk. This tree included here to show how Licania sens.lat. is obviously not monophyletic
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Fig. 15-16 Strict consensus tree of the combined analysis (plastid, ITS and Xdh), highlighting clades with taxa of
Licania s.l. and the new generic names; bootstrap support is shown above branches. Clades of all other Neotropical
genera and the outgroup are also cited. (from Sothers et al., 2016). Used with the permission of Cynthia Sothers
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division of Licania into nine genera that complied with the phylogeny indicated by the
molecular studies of both the Kew and the Toulouse researchers (Table 5). Most of
these new genera split from Licania were actually recognised in Prance (1972a) as
subgenera or sections of Licania (Table 4). While they were distinguished there by
morphology, the relationships were not then evident and so they were all lumped
together in the paraphyletic genus LIcania. The genera split from Licania are briefly
mentioned here but are described in more detail in Sothers et al. (2016) together
identification keys and the necessary nomenclatural changes.

Fig. 15-16 (continued)

Table 4 The subdivisions of Licania recognized in Prance (1972a)

Subgen. Moquilea (Aubl.) Prance subgen. Licania Subgen. Parinariopsis Huber

Section Moquilea Section Licania

Section Leptobalanus Benth. Section Hirsuta Prance

Section Microdesmia Benth. Section Hymenopus Benth.

Section Cymosa Prance

Section Pulverulenta Prance
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Afrolicania and Angelesia were both originally described as distinct genera but later
submerged into Licania (White, 1976, Fritsch, 1899). Afrolicania, described by
Mildbraed (1921) for specimens from Cameroon, has had a varied history. It is
obviously closely related to the Neotropical Licania as its name suggests and it is
obviously the result of an ancient transoceanic dispersal. The morphology is so similar
to Licania that in Prance & White (1988) we merged it with Licania following the
opinion of White (1976). In Prance and Sothers (2003a) we re-established the genus
largely based on the molecular and cladistic data of Dissanayake 1999, (published as
Yakandawala et al., 2001, 2010), and this has been confirmed in our later molecular
work. Angelesia has also had an uncertain history. This genus of three species from
Malesia was described by Korthals (1855) and in the same year Blume (1855) proposed
transferring it to Licania with the illegitimate name Licania angelesia Blume.
Angelesia was generally accepted as a genus until Hallier (1903) suggested merging
Moquilea and Angelesia with Licania. This merger was accepted by Prance (1988).
Thus, the concept of Licania in Prance & White (1988) was of a pantropical genus
including Angelesia and Afrolicania. Our molecular data have shown clearly that
Angelesia is better treated as a distinct genus and it was resurrected in Sothers and
Prance (2014) and so once again Licania became an exclusively Neotropical genus.

Geobalanus is a small genus that was described for two species from Florida and
Georgia by Small (1913), one of which he transferred from Chrysobalanus
oblongifolius Michaux (1803) to his new genus. Prance (1972a) and Prance (1988)
treated Geobalanus as a synonym of Licania. In our molecular work Geobalanus
appears as an early diverging genus sister to Parastemon from Malesia and
Grangeria from Madagascar, but this position lacked strong support and its true
position is sister to the large clade including most Neotropical genera. In Sothers
et al. (2016) we recognized Geobalanus as distinct and added a third species,
G. retifolius (S.F. Blake) Sothers & Prance from Mexico, transferred from Licania.

Moquilea was first described as a genus by Aublet (1775) at the same time as
Licania. It was recognised as a genus through most of the nineteenth century, for
example by Hooker (1865), although Grisebach (1857) merged it with Licania. This
merger was followed by several later workers including Fritsch (1899) in his Conspec-
tus generis Licaniae. More details of this varying history were given in Prance (1972a)
who also placed Moquilea as a synonym of Licania. In Sothers et al. (2016) we
recognised Moquilea as a genus because in all our molecular analyses it was consis-
tently retrieved as sister to Couepia in a separate lineage rather than in a position close
to Licania. Moquilea now consists of 54 species ranging from Mexico and Central
America and the Caribbean to Bolivia and southern Brazil.

There was another group of 31 species of Licania placed in subgenus Moquilea
because of their exserted stamens but placed in a distinct section Leptobalanus by
Bentham (1840) because of being apetalous as is the case in core Licania. This section
was also recognized in Prance (1972a) & Sothers & Prance (2003a). In the molecular
analysis Leptobalanus was retrieved as a distinct clade sister to Gaulettia in a larger
clade together with Hymenopus, Cordillera and Microdesmia. To achieve monophyly
Leptobalanus was elevated to generic rank in Sothers et al. (2016) and its true position
is as sister to Licania sens. Str.

The placement of Licania licaniiflora (Sagot) Blake was always a problem for me. It
was first described in Moquilea by Sagot (1883) and it also has many synonyms in
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Licania, see Prance (1972a) where I recognized Huber’s (1909) Licania subgenus
Parinariopsis for this species. L. licaniiflora differs from Licania and the other
segregate genera by the ovary inserted on the middle of the receptacle tube, and in
the pairs of bracts enclosing the flower buds as occurs in Parinari. It lacks strong
support in our molecular work and so in Prance and Sothers et al. (2016) we recognized
it as the monospecific genus Parinariopsis. It is a widespread species of river and
savanna margins in Venezuela, the Guianas and the eastern Amazonian region.

Two closely related species Licania arborea Seem. from Mexico, Central America
and western South America and L. rigida Benth. from the caatingas of northeast Brazil
were sufficiently different from the rest of Licania to be placed in subgenus
Microdesmia by Bentham (1840). The seeds of both species yield a quick drying oil
used in paints, soaps and candles. In Prance (1972a) I placed six other species in
subgenusMicrodesmia together with the original two of Bentham and three more were
added in Sothers and Prance (2003a), but we always regarded this as a temporary
artificial group. Other than Licania arborea and L. rigida seven of the species formerly
in subgenus Microdesmia have since been transferred to Moquilea and one to
Hymenopus (Sothers et al., 2016). The remaining two species of subgenus
Microdesmia were sister to Cordillera and not close to Licania in the molecular work
and so to accommodate L. arborea and L rigida it was necessary to elevate the
subgenus of Bentham to generic status as Microdesmia containing just two species.

Section Hymenopus of Licania was also elevated to generic status in Sothers et al.
(2016). It contains twenty-eight species distributed in Central America and Trinidad
and throughout lowland northern South America and Amazonian Brazil. The presence
of petals and the glabrous leaves distinguish it from Licania sens. str. and indeed it is
well separated from Licania in the molecular work. At present Hymenopus is retrieved
in two nearby subclades. In Sothers & Prance we chose to maintain these subclades as a
single genus, but there is room for future studies in this area. The work discussed above
has split Licania into nine genera, but Licania sens. str. still remains the second largest
genus in the family with 100 species, exceeded only by Hirtella with 107.

The splitting up of Parinari, Couepia and Licania each into several separate genera
in the course of the work discussed above is summarised in Table 5. The fifteen genera

Table 5 The 28 genera reflecting a monophyletic arrangement of Chrysobalanaceae, resulting from the
molecular studies of Bardon et al. (2012, 2016) and Sothers et al. (2014, 2016). Columns 1–3 list the genera
that were previously placed in the genus at the top that is in bold face. Full details and descriptions of the new
genera are in Sothers & Prance (2016)

Parinari Licania Couepia

Atuna Afrolicania Gaulettia Magnistipula

Bafodeya Geobalanus Cordillera Dactyladenia

Exellodendron Leptobalanus Acioa

Kostermanthus Moquilea Grangeria

Hunga Hymenopus Parastemon

Maranthes Parinariopsis Hirtella

Neocarya Microdesmia Thelira

Angelesia Chrysobalanus
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that I started with (Table 1) are now twenty-eight (Table 5) and two of the original
genera Lecostemon and Stylobasium are no longer placed in or near to the
Chrysobalanaceae.

The Future

The genera of the Chrysobalanaceae are now well resolved and are mainly
monophyletic, but there still remains a lot to be done at specific rank sorting out
some of the species complexes with more extensive molecular work. Some of the
groups about which I still have doubts in the taxonomy and that can only be
resolved by further study of the DNA of a lot of samples are listed below,
hopefully to stimulate further research.

Chrysobalanus icaco L. This transoceanic species has considerable variation in leaf
size and shape as well as the color of the fruit. I have maintained this as one rather
polymorphic species as there is little link between the character variation and either
locality or habitat. There have been several attempts to study this variation, for example
Paracampo et al. (2017), Paracampo et al. (2020), but while showing some correlation
between fruit color and habitat they have come to no taxonomic conclusions.

Hirtella racemosa Lam. is a complicated and widespread species ranging from
Mexico to southern Brazil. At present I recognize three varieties of this species, but
still feel that the taxonomy is not yet resolved.

Hymenopus (Licania) heteromorphus (Benth.) Sothers & Prance. Even after the new
species I have separated out of this complex there still remains a great deal of
morphological variation and habitat choices from which it is hard to define further
taxa. The genus Hymenopus itself still needs further study as it appears in two separate
clades in the molecular work.

Leptobalanus (Licania) apetalus (E. Mey.) Sothers & Prance. At present I recognize
two varieties of this widespread mainly riverine species, but I am convinced that it
needs further splitting at the infraspecific level.

Part of the former Licania sectionMicrodesmia is a taxon the composition of which
I was quite uncertain in Prance (1972a). While L rigida and L. arborea have been
retained in what is now a monophyletic genus Microdesmia, I am less certain about the
other six species that we transferred to Moquilea in Sothers et al. (2016). This is still a
group of little-collected species that are in need of further study.

In Africa White (1976) treated seven former species as subspecies of Magnistipula
butayei De Wild. The definitions of some of these taxa are still vague and this group
merits a thorough molecular study.

In Asia Atuna excelsa (Jack) Kostermans would merit further study. In this wide-
ranging species from Malaysia to Samoa I have recognised two subspecies (Prance,
1989b, 2019), but feel that a molecular study would be useful both to either confirm or
refute the taxonomy and to help to determine whether the distribution of this most
useful species is natural oceanic dispersal or mediated by humans.

The most exciting challenge for future work with the Chrysobalanacae lies with
phylogenomics which is the next generation of sequencing techniques. This may be
used to resolve some of the species complexes mentioned above and could produce an
even more accurate evolutionary system for the family.
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There are still a large number of species of Chrysobalanacaeae known only from one
or two specimens. It would be important and interesting to look at the species that have
not been seen for the last fifty or more years to ascertain their appropriate conservation
status and whether they are still extant.

Conclusions

Perhaps the most obvious conclusion from this review is that one should not necessarily
stick with one’s original taxonomic conclusions. Many of my original decisions about
generic boundaries based on morphology had to be modified along the way as new data
were accumulated and new methods applied. It is important to aim for rigorous systems
that do not include polyphyletic taxa and so many changes to the generic concepts of
the Chrysobalanaceae have been made to achieve this. Detailed monographs of large
tropical groups form the basis for many other studies such as the molecular work
discussed above as well as for much ecological work and by providing much of the
information on which to plan conservation. An important spin-off from monographic
work is that it makes local floras more accurate because they are based on more
complete surveys of a plant family far beyond the area covered by the flora. The
second part of the references below lists the twenty-three floras and checklist projects
involving the Chrysobalanaceae to which I have contributed both in the neotropics and
in Malesia.

Supplementary Information The online version contains supplementary material available at https://doi.org/
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