science.sciencemag.org/content/367/6473/87/suppl/DC1

RAYAAAS

Supplementary Materials for
Cooked starchy rhizomes in Africa 170 thousand years ago

Lyn Wadley*, Lucinda Blackwell, Francesco d’Errico, Christine Sievers
*Corresponding author. Email: lyn.wadley@wits.ac.za

Published 3 January 2020, Science 367, 87 (2020)
DOI: 10.1126/science.aaz5926

This PDF file includes:

Materials and Methods
Supplementary Text
Figs. S1 to S3

Tables S1 and S2
References



Materials and Methods

Excavation and recovery of archaeological plant material
Border Cave, KwaZulu-Natal, South Africa (fig. S1), has been excavated by a multidisciplinary
team since 2015, using standard archaeological methods. The excavation is under the
directorship of Dr L. Backwell with permit # SAH 15/7645 from the KwaZulu-Natal heritage
agency, Amafa. All pieces larger than 2 cm, and all special finds smaller than this, are point
plotted with a Leica total station theodolite. When visible during excavation, all botanical
remains were collected directly from sediment, and were laid on soft plastic film within hard
plastic boxes. Each item was packed individually. Material not seen during excavation was
recovered from nested 2 and 1 mm screens. All charcoal collected during excavation was
checked with 10 to 40 x magnification using an Olympus SZ61 microscope. All excavated
material is housed in the Evolutionary Studies Institute, University of the Witwatersrand, which
is also the repository for the earliest excavation material by Dart and colleagues.

The new excavations into Members 5 BS and 4 WA were from squares N109 E113,
N108 E113 and N108 E114. These are not full metre squares because they are remnants eroded
from Beaumont’s 1980s excavation. In Beaumont’s grid they may be P16 and Q16, on the edge
of the Horton pit (20). The named layers were subdivided when pavements of lithics formed a
discrete floor and/or when features appeared on the sediment surface. Thus, the Pinkish White
(PW) layer at the top of Member 4 WA is divided into four sub-layers, Pinkish White 1 to
Pinkish White 4, and the White layer under this is divided into twelve sub-layers, White 1 to
White 12 (Fig. 1B). Several combustion features rich in charcoal were excavated from Member 4
WA where most of the charred geophytes and several charred seeds were recovered.

Note regarding plant nomenclature and definitions

Plant names and attributions have been taken from the International Plant Names Index (34) and
World Checklist of Selected Plant Families (35). The literature is unclear about the precise
distinction between rhizomes, corms, bulbs and tubers (36) and sometimes there is contradictory
nomenclature used for the same taxon described by different authors (28).

The glossary below has definitions:

Geophyte - A perennial plant with an underground food storage organ, such as a bulb, corm,
tuber or rhizome (37).

Bulb — a short underground stem covered by enlarged and fleshy leaf bases containing stored
food (37).

Corm - a thickened underground stem, upright in position, in which food is accumulated,
usually in the form of starch (37). Corm leaf bases encircle the stem from the base (3/). Corms
have basal innovation (36).

Tuber — (L. tuber, swelling) — an enlarged short, fleshy, underground stem, such as that of the
potato. Old tuber leaf bases circle only the apical part (31).

Rhizome — a more or less horizontal underground stem (37), but vertical structures occur, too,
with innovation at the apex (36) and inclusion of stolons, offsets, or suckers (29).

While the definitions are at first glance straightforward, some plants resist placement in one or
other category and because of this, Hypoxis geophytes have been variously named. The term
‘rhizome’ is used for the Border Cave specimens based on definitions from Hypoxis literature
cited frequently here (28, 29), but Wiland-Szymanska (37) later replaced this name with ‘tuber’.



She did this in preference to using ‘corm’ because of the difference in tunic structure of corms
and tubers. As is the case in tubers, the Hypoxis old leaf bases circle only the apical part (37),
while the rhizome base becomes senescent after apical innovation (29). Hypoxis is an unusual
plant in many ways and tends to defy traditional literature definitions (29), not least because
there is variability in the attributes of species within the genus. This has no doubt contributed to
naming variability.

Study of the Border Cave rhizomes

The contexts of whole rhizomes are recorded in Table 1 and contexts of parenchyma fragments
are recorded in Table S1. The whole rhizomes have been named and numbered, for example,
‘rhizome BC 1°. This numbering system must not be confused with the hominin numbering
system. Where available, the catalogue number derived from total station plots is also written on
the specimen box. The proximal ends, profiles and distal ends of all rhizomes were first
photographed using an Olympus TD5 camera with z-stacking. Specimens rhizomes BC 6 and BC
17 are illustrated in Fig. 2. The morphology of each was then studied using an Olympus SZ61
binocular microscope at 40 x magnification. Size, shape, root position, and surface features were
recorded. Specimens selected for anatomical study with scanning electron microscopy (SEM),
using a Phenom Pure, were mounted on double-sided carbon tape on metal stubs, and cleaned
with compressed air. The process was not destructive, there was no preparation required, and no
coatings were used. Specimens chosen for SEM study were rhizomes BC 6, BC 17, BC 23, BC
29, and BC 30. Approximately 100 images were obtained for each. Particular attention was given
to recording vascular bundles, xylem vessel tissue, parenchyma, root traces, and calcium oxalate
crystals (raphide bundles).

Study of comparative plant material

Modern plant material was bought from nurseries or donated by nursery owners (see
Acknowledgements). In addition, several collecting field trips were made in the Lebombo
Mountains and in the Ndumu area at different seasons with permit # OP4367/2017 (to CS) from
Ezemvelo KwaZulu-Natal Wildlife. Vouchers were made for the Kwazulu-Natal Herbarium,
Durban and the CE Moss Herbarium, University of the Witwatersrand. Families collected
include Amaryllidaceae, Asparagaceae, Aponogetonaceae, Araceae, Asphodelaceae,
Commelinaceae, Cyperaceae, Typhaceae, Iridaceae and Hypoxidaceae (the species collected are:
Hypoxis hemerocallidea Fisch., C.A.Mey. and Avé-Lall., H. rigidula Baker, H. obtusa Burch, ex
Ker Gawl., H. angustifolia Lam., H. argentea Harv. ex Baker, and H. filiformis Baker). Plants
that were not flowering when collected in the field, thereby needing identification beyond genus
level, were planted in LW’s experimental garden in Limpopo. After flowering and identification
to species, geophytes were photographed as both fresh and charred specimens, and then
examined microscopically with an Olympus SZ61 for morphological and anatomical
characteristics. SEM imagery was obtained for genera that seemed morphologically like the
Border Cave specimens. The comparative collection of charred specimens is housed in the
archaeobotanical laboratory in the School of Geography, Archaeology and Environmental
Studies, University of the Witwatersrand. Vouchers of desiccated geophytes were also examined
and photographed in the CE Moss Herbarium at the University of the Witwatersrand.




Supplementary Text
Description of the Border Cave rhizomes

Morphology

All Border Cave rhizomes are charred, resulting in tissue deterioration, formation of secondary
features and solidification of some vessels into a carbonised mass. Burning geophytes with
moisture in them can cause splitting, called rhexigeny when the cavity walls are visibly torn (38).
The Border Cave rhizomes often display radial rhexigeny from a sunken central axis on a disc-
like proximal surface (Fig. 2), so they were cooked fresh, not dry. A sunken central axis is a
common monocotyledonous feature, except among Iridaceae (39). The distal ends of the Border
Cave rhizomes are most often convex, sometimes wrinkled, and occasionally conical. The
rhizomes are tubular, globose or sub-globose in shape and do not generally exceed 18 mm either
in diameter or height (and can sometimes be half that size). Most of the rhizomes preserve root
cavities, sometimes partly filled with fragments of root. These occur around the circumference,
or within the cortex, and appear to have had their origin just within the inner ground tissue, but
this burned tissue is often highly deteriorated and difficult to recognise. Monocotyledon roots
originate in the pericycle (40), but we are unable to trace the pericycle in the charred rhizomes,
though the endodermis is recognisable in the form of a ring of fused cells (fig. S2). Many
specimens retain traces of raised rings around their circumference (Fig. 2). Such modifications
are produced by successive leaf scars (47) or by fibre.

Anatomy

Vascular structure. Vascular tissues often do not survive burning in a way that allows them to be
identified (38) and they may become an amorphous carbon mass. Phloem is usually destroyed
through burning and either forms a cavity or a solid mass, whereas xylem vessels are
recognisable and may retain traces of tracheids (ladder-like tissue) (38). Burning has caused
deterioration of the cellular structure of the Border Cave rhizomes. Nonetheless, some
parenchyma is visible. The parenchyma cells are irregular shapes and sizes; they can be five to
eight-sided angular cells or have smooth, oval shapes. The cell walls are 2-3 pm wide and the
parenchyma cells vary in length from 60 um to about 25 pum.

In some Cyperaceae, vascular bundles are flattened against the endodermis (42) and,
while not all the Border Cave rhizome vascular bundles are against the endodermis, they circle it
closely within the inner ground tissue. Vascular bundles are not always discrete in
monocotyledons and may fuse with others at the edge of the central vascular cylinder, creating
elongated groupings (38, 42). This may be the reason why, in some of the archaeological
rhizomes, the clusters of xylem have many xylem vessels (commonly 12 to >20) (Fig. 3D). The
vessel numbers vary between clusters and are difficult to count because of vessel deterioration
and fluorescence caused by burning. The phloem is not recognisable probably because it formed
a solid mass of carbon in the Border Cave rhizomes, but xylem is better preserved and
scalariform tissue is readily visible in most cavities. Elongated groups of round or oval xylem
cavities can be seen in BC 30 and also in BC 6 (Fig. 3D, fig. S3). This unusual arrangement is
different from the better-known amphivasal vascular bundles or closed collateral bundles
generally associated with monocotyledons. Nonetheless, a closed collateral bundle may be
represented in BC 6 (fig. S3F).




Roots. The preserved root traces within the rhizomes are encased in a fibre sheath, the
rhizodermis, with thickened walls and elongated cells. Such root cell structure is a characteristic
of monocotyledons (43). Several types of root anatomy are visible, even within a single
geophyte. To some extent a root’s appearance is influenced by its size, but also by the extent of
preservation after burning. Small roots may lack the parenchymatous region evident in larger
ones. The rhizodermis is sometimes empty (Fig. 3B), but a few roots have xylem vessels
preserved (fig. S3). Raphides (bundles of calcium oxalate crystals [see description later]), can be
seen in some of the empty root cavities, but none was observed within the roots themselves.
Secondary thickening root growth is absent. Thickening of the lateral walls in the root xylem
cavities is scalariform (ladder-like) (fig. S3D), as is common for monocotyledons such as
Dracaena L. spp., Aloe L. spp., Gasteria Duval spp., Haworthia Duval spp. (43) and Hypoxis L.
spp. The scalariform xylem tissue of the Border Cave roots resembles xylem wall tissue seen
elsewhere in the rhizomes (Fig. 3D).

Raphides. Calcium oxalate crystals (Fig. 3F) are abundant in the Border Cave rhizomes. They
are bundles of needle-like crystals with pointed ends and four-sided cross-sections that fit
Crowther’s (44) Type 1 raphide, the most common form. The raphides, which are about 50 um
long and are oriented in the same direction in any given bundle, seem most frequent in the
cortex, particularly close to the outer edge of the rhizome. Some cavities that once housed
raphides are empty, and fragments are scattered on the rhizome surface. Other types of calcium
oxalate crystal, for example, druses and styloids, are absent. Raphides are not destroyed during
the burning process, unlike starch grains that were not observed in any of the Border Cave
rhizomes, probably because starch grains are rarely preserved in charred material (45). Calcium
oxalate crystals may form in any organ or tissue within a plant and the crystals act as calcium
storage for the plant (46). Raphides have some taxonomic value, though their morphology may
alter through time, for example, Ornithogalum L. spp. (Asparagaceae) raphides start as 4-sided
needles, with wedge-shaped ends, and they develop into 6-sided needles (47). In Typha L. spp.,
mature crystals are hexagonal near the ends and octagonal in the centre (47). To some extent,
raphide size also assists with identifications because in the Dioscoreaceae family the raphides
may exceed 250 um in length (42).

Identification of the Border Cave rhizomes

Table S2 lists selected attributes of various geophytes (36, 43, 47, 48, 59) known to occur in the
Lebombo Mountains or the lowveld of eSwatini (formerly Swaziland). There are few data on
anatomy of southern African geophytes and consequently many plant attributes are unknown.
Nonetheless, several families can be easily eliminated from potential identifications based on the
presence or absence of calcium oxalate crystal types. Cyperaceae, Tulbaghia L. spp.
(Amaryllidaceae family), and Chlorophytum comosum (Thunb.) Jacques (Asparagaceae family)
can be eliminated because they have no raphides. Instead of raphides, Cyperaceae have idioblasts
containing phenolic substances (49). Though C. comosum also lacks raphides, it contains styloids
and druses (47), which are absent from the Border Cave rhizomes. A prominent geophyte family
in southern Africa, the Iridaceae, can be excluded, too, because Iridaceae corms lack raphides
and contain styloids instead (47). Furthermore, the central stem depression evident not only in
the Border Cave rhizomes, but in most monocotyledonous geophytes, is absent from Iridaceae.
Zantedeschia Hook Baill. spp. (Araceae family) can be excluded as well because Araceae have
distinctly grooved raphides (48) and the Border Cave ones are smooth. Typha L. spp. (Typhaceae




family) and Ornithogalum L. spp. (Asparagaceae family) can be excluded because their raphides
have characteristically geometric shapes (47) not shared by the Border Cave rhizomes.
Dioscoreaceae raphides are five times the size of Border Cave ones (47) and are also therefore
inappropriate. Aloe L. spp. (Asphodelaceae family) can be excluded because their stems contain
styloids as well as raphides. Commelina Plum. ex L. spp. (Commelinaceae family) have small
quadratic crystals as well as raphides (50). Commelina erecta L., present in the Lebombo
Mountains, has stem anatomy with circular or sub-circular vascular bundles, but lacks elongated
ones (517). Furthermore, although the Commelinaceae family includes Aneilema R.Br.,
Commelina Plum. ex L., Cyanotis D.Don and Coleotrype C.B.Clarke spp. that grow in the area
(52), none has a geophyte with morphology that matches the Border Cave one. Orchidaceae are
protected plants and we could not collect comparative material, nonetheless, the morphology of
the rhizomes of these plants in herbarium specimens and publications do not look like the Border
Cave one. Orchids such as Bulbophyllum Thouars spp. have druses as well as raphides, thereby
excluding them (53). Aponogetonaceae are inappropriate matches because they are water plants
with aerenchyma which is lacking in the Border Cave rhizomes.

Two families remain potential partners for the Border Cave rhizome morphology and
anatomy: Asparagaceae (in particular, Ledebouria Roth spp. and Dracaena L. spp), and
Hypoxidaceae (in particular, Hypoxis L. spp.). Dracaena hyacinthoides (L.) Mabb. occurs in the
Lebombo Mountains, often in large colonies (52). Fibre from the leaves can be used to make
twine, but the rhizome is not eaten by humans. Dracaena spp. have ring markings on their
underground stems, but the rhizomes have secondary thickening meristems (54) that are lacking
from the Border Cave rhizomes, so they can be eliminated. Also, in the Asparagaceae family,
Asparagus Tourn. ex L. spp. have elongated tubers pinched at both ends and they can be
disregarded on morphological grounds for they are quite different in appearance from the sub-
globose Border Cave rhizome. Ledebouria spp., some of which are edible and grow in
gregarious clumps, are suitable for harvesting as food. Ledebouria revoluta (L.f) Jessop is eaten,
but the bulb is much larger than the Border Cave rhizome, which in any event is not a bulb
because it lacks a stem covered by enlarged and fleshy leaf bases. Of all the plants examined
here, Hypoxidaceae is the only family not yet eliminated. The hypothesis is therefore that the
Border Cave rhizome is a member of this family. Hypoxidaceae are now examined in more
detail.

Hypoxidaceae morphology and anatomy and comparison with the Border Cave rhizomes
Hypoxidaceae R.Br. is a large family with six genera in South Africa (52). Hypoxis spp. include
three highly desirable, edible species that grow near the site: H. angustifolia Lam., H. argentea
Harv. ex Baker and H. filiformis Baker. These small plants have white flesh and mucilage that
renders their rhizomes more palatable than species with bitter, orange mucilage (for example, H.
hemerocallidea). Large quantities of starch are contained within the fresh rhizomes (Fig. 4E), but
once the specimens are charred, starch grains disappear and cannot be used for identification.
Hypoxis spp. have two types of underground stem. A few species propagate through
horizontal shoots. In Hypoxis angustifolia, lateral buds develop into rhizome-like portions at the
end of which a ‘corm’ develops (29). Many rhizomes and shoots can then develop from one
plant (29) and a gregarious clump forms. This type of plant population provides an ideal source
of food for plant-gatherers. Hypoxis angustifolia, unlike most Hypoxis in the area, is evergreen
and blooms for much of the year, making it highly visible. Most Hypoxis spp. are, in contrast,
erect, vertically-developing perennial geophytes (some authors favour the word rhizome, others




use the word corm, or even tuber). As Hypoxidaceae rootstocks enlarge vertically, the old bases
shrink, but remain attached to the functional rhizome (29, 40, 55), sometimes as a disc of
decaying tissue (37). It is feasible that plant collectors bringing geophytes to the home base for
sharing and/or cooking would put the entire vegetable in the ashes to cook, but would later
discard the decayed, burned basal disc. The senescent part of the organ retains little evidence of
vascular structures, though root traces remain visible (55). New growth forms annually at the
apex of the rhizome and the expanding part of the organ is where vasculature is concentrated
(56,57). This observation was confirmed by microscopy and SEM studies of specimens of H.
argentea, H. angustifolia, H. hemerocallidea, H. obtusa Burch. ex Ker Gawl., and H. rigidula
Baker (fig. S2). Roots from the rhizome sometime grow through the decaying disc at its base
(37) and this is evident in the modern vouchers. The modern Hypoxis roots (fig. S3A and C)
closely match those in the Border Cave rhizomes. Xylem and xylem tissue are prominent in the
ancient and modern roots and both are encased in fibre sheaths (rhizodermis) (Fig. 3A and B, fig.
S3B, C and D). Also present in all modern Hypoxis specimens, are idioblasts with raphide
bundles and, as in the archaeological specimens, most raphides are in the cortex.

Modern Hypoxis parenchyma resembles that from the Border Cave rhizomes; the cells
vary in shape from angular to oval and the largest cells are about 60 pum in length. Hypoxis spp.
vasculature is not typical of most monocotyledons, which tend to have vascular bundles scattered
in the stems. Instead, the active, current portion of the Hypoxis rhizome has vascular bundles that
lie in a ring (29) (fig. S2D). The inner ground tissue of the young Hypoxis hemerocallidea
rhizome has amphivasal vascular bundles (57), but no such bundles were observed in the mature
Hypoxis vouchers examined here. Rudall (39) makes the point that in some rhizomes, vascular
bundles merge so that individual ones are ill-defined. This is the case in Hypoxis Voucher #27
which displays a large number of xylem vessels (it is not possible to count them because of the
reflective surface of the burned rhizome) in a ring close to where an indistinct endodermis lies
(Fig. 3C, fig. S2). Elsewhere in the same specimen, there is a possible closed collateral vascular
bundle with an oval arrangement of xylem vessels, and adjacent carbonised mass of phloem (fig.
S3E).

Cheadle (58) recorded ‘primitive vessels’ with scalariform perforation plates in the roots
of Hypoxidaceae. A scalariform perforation plate is present at the end of a xylem tube in
Voucher #27 and a scalariform sieve plate from a Border Cave rhizome root is not dissimilar.

In summary, the Border Cave rhizomes have both morphological and anatomical features
in common with Hypoxis spp., especially Hypoxis angustifolia. The morphological features
include the shape of the rhizome, a depressed centre on its upper (proximal) surface, radial
rhexigeny, raised ring scars on the circumference and root traces that emerge from the cortex of
both modern and ancient specimens, and originate within the inner ground tissue, inside of the
endodermis and almost certainly within the pericycle (which is not distinguishable in the
rhizomes after charring). Bundles of needle-like raphides are especially frequent in the cortex of
our modern Hypoxis vouchers and the Border Cave specimens. The vascular structures are
similar in having roots or root traces encased in fibre sheaths, parenchyma of similar size and
shape, vascular bundles with twelve to sixteen (or more) xylem vessels in elongated, merged
clusters, with the xylem vessels containing thickened walls of scalariform tissue.
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Location of Border Cave in South Africa



Fig. S2.

Hypoxis rhizome anatomy compared with that of Border Cave rhizome BC17. (A) Fresh
Hypoxis thizome Voucher #62 showing inner and outer ground tissue, separated by the
endodermis. Mucilage cavities are common outside the endodermis. TS; scale bar 2 mm. (B)
Charred Hypoxis rhizome Voucher #27 showing inner and outer ground tissue, separated by the
endodermis. Mucilage cavities and root traces are common outside the endodermis. TS; scale bar
2 mm. (C) One quadrant of Border Cave rhizome BC17 (see Fig. 2 and (E) for whole rhizome).
The charred rhizome surface is deteriorated, but has not been cut in order to preserve it. TS; scale
bar 1 mm. (D) TS sketch (not all features are to scale) of the features visible in (C) under the
microscope and SEM. The inner ground tissue has radial splits and inside the endodermis is an
irregular ring of xylem (x) vessel clusters (their size is exaggerated to show their distribution).
Most of the root traces are outside the endodermis. (E) Border Cave rhizome BC17, upper
(proximal) surface. Scale bar 2 mm. En = endodermis; MC = mucilage cavity; Rt = root (and
root trace); x = xylem; IGT = inner ground tissue; OGT = outer ground tissue; TS = transverse
section.



Fig. S3.

Comparison of modern Hypoxis charred rhizome roots and vascular bundles with those
from Border Cave. (A) Modern charred Hypoxis thizome Voucher #55 root. TS, scale bar 200
um (B) Border Cave rhizome BC 17 with xylem vessels in root enclosed by rhizodermis. TS,
scale bar 80 um. (C) Modern charred Hypoxis rhizome Voucher #55: root with xylem vessels
and rhizodermal sheath. TS, scale bar 300 um. (D) Border Cave rhizome BC 17 with rhizodermis
and broken root with longitudinally split xylem vessel showing scalariform tissue. TS, scale bar
30 um. (E) Modern charred Hypoxis thizome Voucher #27, with possible closed collateral
bundle. The xylem is clearly visible, but the putative phloem is solidified carbon. TS, scale bar
30 um. (F) Border Cave rhizome BC 6, with possible closed collateral bundle. The xylem is
clearly visible, but the putative phloem is solidified carbon. TS, scale bar 30 um. RS =
rhizodermal sheath, Rt = root, X = xylem, Ph = phloem, TS = transverse section.
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Table S1

Border Cave parenchyma fragments > 2 mm

Member Layer Frequency of parenchyma
fragments > 2 mm

4 WA Top and Pinkish Grey 1
White 1, 2 and 3 9
White 4, 5 and 6 5
White 7 - 10 5
Dark Brown layers 4

5 BS Very Dark Greyish Brown 6

TOTAL frequency of parenchyma fragments > 2 mm 30
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Table S2.

Some attributes of modern monocotyledons (36, 43, 47, 48, 59) compared with those of the
Border Cave rhizome. Key: absence of data = ?; occasionally present = Oc; scalariform = scal;
reticular = retic; pitted = pit; simple = simp. See text for a discussion of attributes that eliminate

some of the taxa listed in the table as potential matches for the Border Cave rhizome.

FAMILY (some genera vessel wall | root raphides | styloids | druses | central potential
and species listed) thickening | vessels present present | present | corm match for
depression | Border
Cave
AMARYLLIDACEAE ? scal yes no Oc yes NO
Tulbaghia spp. retic/scal simp/scal | no no - yes NO
APONOGETONACEAE | ? no ? ? ? yes ?
ARACEAE ? scal yes ? ? yes ?
Zantedeschia spp. ? scal yes no Oc yes NO
ASPARAGACEAE ? simp/scal | yes ? ? yes YES
Chlorophytum comosum pitted simp no yes yes yes NO
Dracaena spp. scal simp yes ? ? yes YES
Ledebouria spp. retic/scal simp/scal | yes ? ? yes YES
Ornithogalum spp. retic/scal simp/scal | yes ? ? yes YES
ASPHODELACEAE ? simp/scal | yes yes ? yes NO
Aloe spp. scal simp/scal | yes yes ? yes NO
COMMELINACEAE spiral simp yes ? ? yes NO
CYPERACEAE ? simp no no no yes NO
DIOSCOREACEAE ? scal yes ? ? yes YES
HYPOXIDACEAE scal scal yes no ? yes YES
IRIDACEAE ? simp/scal | no yes no no NO
ORCHIDACEAE scal simp/? yes no yes yes NO
TYPHACEAE ? scal yes ? ? yes YES
BORDER CAVE (BC) scal scal yes no no yes
RHIZOME
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