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A B S T R A C T
Wood and bark structure of  Androstachys johnsonii and Hyaenanche globosa (Picroden-
draceae) is described. Two species share simple perforation plates, minute to small 
intervessel pits, and nonseptate fibres; these traits also reported in other Picroden-
draceae. Androstachys is distinctive in having scanty paratracheal axial parenchyma 
and uniseriate rays with vessel-ray pits restricted to marginal cells. Bordered pits on 
fibre walls is an ancestral condition for the African Picrodendraceae. High vessel 
frequency and vessel grouping in Androstachys can be adaptive for semi-arid climate 
with wet summer. Both genera share the subepidermal phellogen initiation and the 
presence of  thick-walled fibers and sclereids in secondary phloem. In Hyaenanche, 
the bark is dilated by stretching and divisions of  parenchyma cells with forma-
tion of  pseudocortex. Androstachys shows no ray dilatation, but sclerification of  
its parenchyma can make substantial contribution in bark expansion. Abundant 
trichomes on epidermis of  young shoots of  Androstachys are presumably involved 
in the water uptake from mists.
Keywords: Androstachys, Hyaenanche, Malpighiales, secondary phloem, bordered pits, ves-
sel-ray pits, pseudocortex, sclereids, phloem fibres, trichomes, dilatation

Р Е З Ю М Е
Марута Р., Оскольский А.А. Анатомия древесины и коры южноаф-
риканских представителей Picrodendraceae в связи с их система-
тикой и экологией. Исследовано анатомическое строение древесины и 
коры Androstachys johnsonii и Hyaenanche globosa (Picrodendraceae). Обы вида 
имеют простые перфорационные пластинки, мелкие межсосудистые 
поры и несептированными волокна, характерные и для многих других 
Picrodendraceae. Androstachys отличается от Hyaenanche и большинства других 
представителей семейства скудной паратрахеальной аксиальной паренхи-
мой и однорядными лучами, которые контактируют с сосудами через поры, 
имеющиеся лишь на краевых рядах клеток. Последний признак впервые 
указан для Picrodendraceae. По-видимому, высокая частота и сгруппирован-
ность просветов сосудов у Androstachys могут быть адаптивны для полуарид-
ного климата с влажным летом. Что касается строения коры, то оба рода 
сходны по субэпидермальному заложению феллогена и по наличию тол-
стостенных волокон и склереид во вторичной флоэме. Дилатация коры у 
Hyaenanche существляется путём растяжения и делений паренхимных клеток 
с образованием псевдокортекса. У Androstachys нет лучевой дилатации, од-
нако склерификация паренхимы вносит существенный вклад в увеличение 
периметра коры. По-видимому, обильное опушение на эпидермисе моло-
дых побегов Androstachys участвует в улавливании воды из тумана.
Ключевые слова: Androstachys, Hyaenanche, Malpighiales, вторичная флоэма, окайм-
лен ные поры, поры между сосудами и лучами, псевдокортекс, склереиды, лубяные 
волокна, трихомы, дилатация
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Wood and bark anatomy of 
South African Picrodendraceae 
with systematic and ecological 
implications

Picrodendraceae Small is a pantropical plant family of  
the order Malpighiales comprising about hundred woody 
spe cies belon ging to 25 genera ranged within the New 
World, Africa, South Asia and Australasia with the grea-
test di ver si ty in Austra lia where ten genera (seven ende mic) 
with 40 species occur (WCSP 2018, Grímsson et al. 2019). 
This group has long been considered as a subfamily Old-
fieldio ideae of  the family Euphorbiaceae. As the paraphyly 
of  Euphorbiaceae s. lato. has been shown by molecular 
phy lo ge netic studies (Chase et al. 1993, 2002, Savolainen 
et al. 2000, Soltis et al. 1997, 2000, and others), the APG 
II clas si fi cation of  angiosperms (APG 2003) recongized 

Picrodendraceae and four other euphorbioid monophyletic 
lineages at family rank. 

Two major monophyletic groups, i.e. Afro-Indian clade 
(including the neotropical genera in basal position) and 
Australasian clade, have been revealed within extant Picro-
den draceae (Grímsson et al. 2019). The macrofossil and 
pollen record of  Picrodendraceae along with the current 
phy lo ge netic framework strongly suggests that this family 
ori ginated in the late Cretaceous in the Americas. During 
the early Paleogene, different lineages of  Picrodendraceae 
dis persed from South America across Antarctica into 
Australasia, and, independently, across the North Atlantic 
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Land Bridge and into Europe. The family migrated from 
Europe into Africa in the Eocene, and reached India from 
Africa in the Neogene (Grímsson et al. 2019).

The anatomical structure of  wood and especially of  
the bark of  Picrodendraceae is poorly explored. Although 
brief  wood anatomical descriptions and microphotos were 
published for 16 genera of  this family (Kromhout 1975, 
Araujo & Filho 1984, Hayden 1994, InsideWood 2004-  
onwards), the available data on variation of  quantitative 
wood traits are very scarce. The bark structure has been 
stu died only in Piranhea longepedunculata Jabl. (Roth 1981, 
2005); Pax (1884) reported also the occurrence of  sclereids 
in the bark of  Hyaenanche globosa. The aim of  current study 
is the detailed examination of  wood and bark structure of  
Androstachys and Hyaenanche, two South African genera of   
Picro den dra ceae. 

Both Androstachys and Hyaenanche are monospecific ge-
nera. Androstachys johnsonii Prain, also called Lebombo-iron-
wood, is an evergreen erect dioecious tree up to 15–20 m 
in height distributed from Zimbabwe and Mozambique to 
Eswatini and to the eastern parts of  provincies Lim po po 
and KwaZulu-Natal in South Africa. This tree occur in 
deciduous woodland or in pure stands forming Androstachys 
thickets (Coates Palgrave 2001). Male flowers of  this species 
have numerous spirally arranged stamens on elongate floral 
axes, and this is an unique condition within angiosperms 
(Webster 2014, Sokoloff  et al. 2018). A. johnsonii is a multi-
use species in southern Africa, with numerous advantages 
to benefit human communities. It is generally valued for its 
hard and heavy wood that is not prone to termite damage. 
This wood is utilized for domestic flooring, furniture, mu si-
cal instruments as well as for fencing, roofing, housing wall 
pillars, and for many other uses (Dyer et al. 2016, Bakali et 
al. 2017).

Hyaenanche globosa (Gaertn.) Lamb. & Vahl, or gifboom 
(“poi son tree” in Afrikaans), is a shrub or small tree up to 
5 m tall growing in open semi-arid fynbos vegetation. The 
range of  this species is confined to the northern Bok ke veld 
Escarpment Mountain Plateau in the northern Western 
Cape, South Africa. H. globosa has very toxic fruits which 
have been reportedly used by Khoisan to make the arrow 
poison. Also, the local farmers used these fruits for poi so-
ning hyaenas and other livestock predators (Coates Palgrave 
2001, Van Jaarsveld 2011). Some toxic substances, such as 
sesquiterpene lactones, hyaenanchin, and tutin, were isolated 
from the fruit of  this species (Momtaz et al. 2010). The bio-
lo gical role of  these toxin is suggested as the deterrence of  
non-dispersing seed predators, such as Namaqua rock rats 
(White & Midgley 2021). 

Wood structure of  A. johnsonii and H. globosa has been 
briefly surveyed by Hayden (1994). The wood anato mi cal 
information on the former species there is also in Krom-
hout’s (1975) book and in the InsideWood (2004-onwards) 
data base. Some bark traits of  H. globosa were reported by 
Pax (1884), whereas A. johnsonii has never been explored by 
bark anatomists. In the present study, we examine the wood 
and bark structure of  Androstachis and Hyaenanche, in order 
to elucidate the evolutionary pathways and ecological sig ni-
fi cance of  selected anatomical traits within this plant lineage.

M A T E R I A L  A N D  M E T H O D S
The sample of  Androstachys johnsonii [A. Oskolski # 258–

18] used for the anatomical investigations was collected by 
the se cond author on 12.12.2018 in the miombo woodland 
in the Brackenridgea (Mutavhatsindi) Nature Reserve in 
ca. 2 km from Thengwe village,  Limpopo province, South 
Af ri ca, with permission of  its administration. The sample 
of  Hyaenanche globosa (A. Oskolski # 324–19) was collected 
by the second author in 26 August 2019 in fynbos near the 
summit of  Bokkeveld Escarpment Mountain in ca. 30 km 
from Van rhyns dorp, Western Cape, South Africa, with 
permission of  the CapeNature. The stem parts at different 
developmental stages from young twigs to portions of  
mature branches (4 cm in diameter for A. johnsonii and 5 
cm for H. globosa) were collected. The spe cimens were fixed 
in 70 % ethyl alcohol. Herbarium vou chers are deposited 
in JRAU; the wood and bark samples are deposited at the 
Department of  Botany and Plant Bio tech nology, University 
of  Johannesburg, South Africa, and in the Xylarium of  the 
Komarov Botanical Institute, St. Peters burg, Russia (LEw). 

Standard procedures for the study of  wood structure 
were employed to prepare sections and macerations for 
light mic ro scopy (Carlquist 2001). The wood structure was 
also investigated by scanning electron microscopy (SEM, 
TESCAN, soft – VegaTS) at the The Central Analy ti cal 
Facility of  the Faculty of  Science, University of  Johannes-
burg (Spectrum). Samples for SEM observations were 
moun ted on aluminum stubs with double-sided carbon tape 
and coated with gold. Descriptive terminology follows Carl-
quist (2001) and the IAWA List of  Microscopic Features 
for Hardwood Identification (IAWA Committee 1989). The 
dia meters of  vessel lumina and fibres were measured in 
tan gential dimension, whereas the diameters of  borders of  
inter vessel pits and the pits in fibres were measured in the 
ver tical direction (as the vertical pit size is less variable than 
the horizontal one, and this is more appropriate for sys te-
matic and diagnostic purposes). The quantitative data on 
wood structure are summarized in Table 1.

For anatomical examination of  juvenile stems and of  
ma ture bark, the samples were also embedded in glycol me-
tha crylate (GMA) according to a modification of  the Feder 
& O’Brien (1968) method. Transverse, tangential and radial 
sections of  about 1 μm thick were cut by using a Porter Blum 
MT-1 98 ultramicrotome, then stained with Schiff  – toluidine 
blue method, and mounted in Entellan. Macerations were 
made using Jeffrey's solution (Johansen 1940). Descriptive 
ter minology followed the recommendations of  Angyalossy 
et al. (2016) for bark description. We also used the term 
‘pseudo cortex’ proposed by Whitmore (1962a, 1962b) for a 
zone of  living parenchymatous tissue of  mixed origin (both 
from cortical tissues and from phelloderm and/or se con-
dary phloem parenchyma) located to the outside of  dilated 
secondary phloem.  The quantitative data on  the lengths of  
sieve tube members and secondary phloem fibres are also 
included in Table 1. 

Evolution of  selected wood anatomical features was 
clarified by mapping discrete characters on a subsample 
of  the Maximum Clade Credibility consensus timetree of  
Picrodendraceae of  the combined analysis of  3 nuclear, 5 
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mi tochondrial and 4 plastid regions (Grimsson et al. 2019). 
Character optimization along the branches of  the tree was 
illust rated using the parsimony reconstruction method 
of  the Character History Tracing option in the computer 
package Mesquite 2.75 (Maddison & Maddison 2011). 

To clarify the climatic factors experienced by A. johnsonii 
and H. globosa for interpretation of  some differences in their 
wood and bark structure,  we assessed the average values 
of  19 bioclimatic parameters for the distribution ranges of  
each species. The values of  bioclimatic variables were re-
vealed on the coordinates of  the species occurrences that 
were retrieved from the Global Biodiversity Information Fa-
ci lity (GBIF) web portal (http://www.gbif.org/). The data 
set con sis ted of  40 occurrences for A. johnsonii  (GBIF Oc-
cur rence Download https://doi.org/10.15468/dl.dh8n2b, 
01 September 2021) and 16 occurrences for H. globosa 
(GBIF Occurrence Download https://doi.org/10.15468/
dl.xk6bw4, 01 September 2021) was used to ex tract 19 bio-
cli matic variables representing the variation of  tem pe ra ture 
and precipitation from the WorldClim climate layers at a 
re so lu tion of  2.5 min (Hijmans et al. 2005) for each occur-
rence using the Raster package (Hijmans & Etten 2012) in 
R. The average values of  the bioclimatic parameters for 
each species showed in Table 2. 

R E S U L T S
Anatomy of  Androstachys  johnsoni i 
Examined sample: A. Oskolski 258-18

Wood structure
Growth ring boundaries are distinctly marked by 3–5 rows 
of  radially flattened fibres, and also by different vessel fre-
quen cy between latewood and earlywood. Vessels are roun-

ded, rarely angular in outline, narrow (tangential diameter 
11–42 µm, Table 1), solitary and in radial to diagonal mul-
ti plies of  2-6, very numerous (202–280 vessels per mm2). 
Vessel walls of  2.8–7.0 µm thick (Fig. 1A). Vessel elements 
are 582 µm (264–1076 µm) long. Perforation plates are 
simple (Fig. 1B). Intervessel pits are alternate, minute to 
small, 3.2–6.8 µm in vertical size (Fig. 1C). Vessels-ray and 
ves sel-axial parenchyma pits are similar to intervessel pits 
in size and shape, mostly with distinct borders, commonly 
restricted to marginal rows of  ray cells (1D, F). Helical 
thi cke nings were not found. Vascular tracheids were not 
found. Tyloses not found.

Ground tissue fibres are very thick-walled, occasionally 
thin- to thick-walled (fibre walls 3.3–7.4 µm thick), relatively 
short (430–1142 µm in length, average 815 µm). Distinctly 
bor dered pits of  3.1–4.7 µm in vertical diameter with slit-
like aper tures are common on radial walls, whereas simple 
to mi nu tely bordered pits found on radial and tangential 
walls. Septate fibres not found. 

Axial parenchyma is scanty paratarcheal, mostly unilateral, 
in solitary strands near the outer sides of  vessels and vessel 
groups (Fig. 1A), in strands of  3-4 cells. Prismatic crystals 
occur in chambered cells of  axial parenchyma. 

Rays 7.3 per mm (4–13 per mm), exclusively uniseriate. Ray 
height commonly 52–231 µm. Rays composed of  square cells 
and procumbent upright cells mixed throughout the rays. Ra-
dial canals absent. Crystals in ray cells not found (Figs 1D–F).   

Bark structure 
Epidermis on young parts of  stems is composed of  a 
single layer of   isodiametric rectangular to rounded cells 
of  18–32 µm in tangential size with thin inner walls and 
very thick (6–10 µm) outer walls covered by thin cuticle 
(Fig. 2A). Trichomes are abundant, non-glandular, two-cel-
lu lar with small basal cell and very long (ca. 1 mm in length) 
ter minal cell.  

Table 1. Quantitative anatomical characters of  wood and bark in Androstachys johnsonii and Hyaenanche globosa

Characters Androstachys johnsonii 
[A. Oskolski 258-18]

Hyaenanche globosa
[A. Oskolski 324-19]

Diameter of  vessels 
(mean ± standard error, min–max, μm)

28.3±1.23 
11 – 43

31.4±1.01 
17 – 51

Vessel frequency per mm2 (mean, min-max) 237.5
201 – 280

55.0
47 – 66

Mean/max number of  vessel lumina per group 1.54 / 6 1.14 / 4
Percentage of  solitary vessels 43 79
Vertical size of  intervessel pits 
(mean, min-max, μm)

4.3 
3.2 – 6.7

3.2 
2.1– 4.0

Vessel elements length 
(mean ± standard error, min–max, μm)

581.9±22.17 
264 – 1076

480.3±20.73 
207 – 860

Length of  wood fibres 
(mean ± standard error, min–max, μm)

815.1±24.01 
264 – 1076

745.1±23.72 
407 – 1225

F/V ratio 1.40 1.55
Height of  rays 
(mean, min–max, μm)

127.4 
52 – 231

299.7 
71 –1001

Number of  uniseriate rays per mm 
(mean, min–max)

7.3
3.8 – 13.3

3.9
1.9 – 8.6

Number of  multiseriate rays per mm 
(mean, min–max) 0 11.7

7.6 – 15.2
Total number of  rays per mm 
(mean, min–max)

7.3
3.8 – 13.3

15.6
11.4 – 19.0

Length of  sieve tube members 
(mean ± standard error, min–max, μm)

326.2±45.32 
198 – 402

217.2±34.81 
167 – 295

Length of  secondary phloem fibres 
(mean ± standard error, min–max, μm)

889.4±21.72 
328 – 1223

868.6±28.31 
359 – 1353
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Cortex is narrow, with about 9–10 layers of  isodiametric 
very thin-walled parenchyma cells of  10–22 µm in tangential 
diameter. Prismatic crystals found in some of  the cortical 
parenchyma cells. Pericyclic fibers are thin-walled, in clus-
ters of  2–10, arranged into interrupted band (Fig. 2A). 

Mature bark gray to dark brownish, non-peeling, with 
shal low long parallel fissures, without scaling. The initiation 
of  first-formed periderm is subepidermal. The phellem is 
com po sed of  8–12 layers of  more or less radially flattened 
cells with thin cell walls. The phelloderm comprises of  4–7 
layers of  ra dial ly flattened thin- walled cells. Prismatic cells 
are found in the phellem. Subsequent periderms not found 
(Figs 2B, C). 

Dilated cortex (Fig. 2B) is narrow (10–12 cells wide, i.e. 
200–250 µm in width) and well-delimited from outer regions 
of  secondary phloem by the continuous band of  peryciclic 
fibres and sclereids; therefore, the term “pseudocortex” is 
not appropriate for this zone. Dilation of  the cortical tissue 
is effected mostly by tangential stretching of  cells and by 
anti clinal divisions of  the cortical parenchyma cell, thus for-
ming strands of  2–10 cells. Small (21–35 µm in tangential 
size) isodiametric sclereids rarely occur in dilated cortex. 
Cry stals not found. 

Secondary phloem (Figs 2B, D; 3A, B) consists of  
8–15-seriate conductive elements and axial parenchyma 
alter nating with 3–5-seriate tangentially elongated clusters 

Figure 1 Wood structure of  Androstachys johnsonii Prain [A.Oskolski 258-18]: A – distinct growth rings boundaries (asterisks), axial parenchyma 
mostly scanty unilateral paratracheal and in 1–3-seriate tangential line, light microscopy (LM), transverse section (TS); B – simple perforation 
plate scanning electron microscopy (SEM), radial longitudinal section (RLS); C – alternate intervessel pits (SEM), tangential longitudinal 
section (TLS); D – uniseriate ray with vessel-ray pits restricted to marginal ray cells (white arrows) (SEM, TLS); E – exclusively uniseriate rays 
(LM, TLS); F – procumbent and square ray cells, vessel-ray pits restricted to marginal rows (LM, RLS). Scale bars = 100 µm (A), 50 µm (E, 
F), 20 µm (D), 10 µm (B), 5 µm (C)
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of  se con dary phloem fibers associated with sclereids and 
partially sclerified axial parenchyma strands with prismatic 
crystals in chambered cells. Sieve tubes are 20–33 µm wide, 
solitary and in radial groups of  2-4. The sieve tube members 
are 326 µm (198–402 µm) in length. Sieve plates are simple 
and compound with 2–4 sieve areas, located on vertical or 
slight ly oblique cross walls. Axial parenchyma in strands of  
2–4 cells, occasionally with chambered cells containing small 
pris matic crystals (Figs 2D, 3A). Secondary phloem fibers 
are very thick-walled, 889 µm (328–1223 µm) in length. 
Scle reids rectangle-shaped, isodiametric to somewhat verti-

cal ly elongated of  18–63 µm in tangential size, very thick-
walled, occasionally with prominent layers in cell walls. 
Tran si tion from non-collapsed to collapsed secondary 
phloem is gradual. Dilation of  secondary phloem effected 
most ly by tangential stretching and anticlinal divisions of  
axial parenchyma forming tangential strands of  2–9 cells, as 
well as by sclerification of  additional parenchymatous cells 
making their walls much thicker. In non-conducting secon-
da ry phloem, the clusters  of  sclerenchyma tend to coalesce 
into continuous tangential bands. 

Figure 2 Bark structure of  Androstachys johnsonii Prain [A.Oskolski 258-18], transverse sections (LM): A – juvenile stem: epidermis with 
abundat trichomes, cortex, ring of  pericyclic fibres and phloem, secondary xylem; B – mature bark: conducting (cph) and non-conducting 
(ncph) secondary phloem, clusters of  secondary phloem fibres and sclereids (asterisks), band of  pericyclic fibres and sclereids (pfs); dilated 
cortex (co), periderm; C – periderm: phelloderm, thin-walled phellem cells; D – conducting secondary phloem: band of  sieve tubes and axial 
parenchyma, cluster of  sclereids (arrowheads), sclerified axial parenchyma strands with prismatic crystals (arrows), and secondary phloem 
fibres. Scale bars = 200 µm (B), 50 µm (A, C, D)
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Secondary phloem rays are uniseriate, composed of  mostly 
square cells, occasionally also with and procumbent cells in 
its central portions (Fig. 3A). Dilated rays associated with 
parenchyma cells are enlarged by tangential expansion, but 
without anticlinal divisions; sometimes with sclerified cell 
walls (Fig. 3B). No crystals are found in ray cells.

Anatomy of  Hyaenanche globosa 
Examined sample: A. Oskolski 258-18

Wood structure
Growth ring boundaries are indistinct, marked by dif-

fe rence in abundance of  vessels and axial parenchyma bet-
ween latewood and earlywood (Fig. 4A). Vessels are roun-
ded, rarely angular in outline, narrow (tangential diameter 
17–51 µm), predominantly solitary, occasionally also radial 
mul tiplies of  up to 4 vessels, moderately numerous (47–66 
vessels per mm2). Vessel walls of  2.2–5.6 µm thick. Ves-
sel elements are 480 µm (207–860 µm) long (Table 1). 
Per fo ration plates are simple (Fig. 4B). Intervessel pits 
are alternate, minute, 2.1–4.0 µm in vertical size (Fig. 4C). 
Ves sels-ray and vessel-axial parenchyma pits are similar to 
inter vessel pits in size and shape, with distinct borders, 

some times unilateral compound, not restricted to marginal 
ray cells (Figs 4B, F). Helical thickenings were not found. 
Vas cu lar tracheids were not found.  Tyloses were not found.

Ground tissue fibres are very thick-walled, occasionally 
thin- to thick-walled (fibre walls 3.2–9.8 µm thick), relatively 
short (407–1125 µm in length, average 745 µm). Distinctly 
bor dered pits of  3.2–5.0 µm in vertical diameter with slit-
like apertures are common on radial walls, whereas simple to 
minutely bordered pits found on tangential walls, and occa-
sionally occurring also on radial walls of  fibres (Figs 4D, E). 
Septate fibres not found. 

Axial parenchyma is diffuse-in-aggregates, in strands 
of  4–7 cells. Prismatic crystals occur in chambered and 
non-chambered cells of  axial parenchyma. 

Rays 15.6 per mm (11–19 per mm), uni- and 2–3-seriate. 
Ray height commonly 175–1068 µm. Both uniseriate and 
mul ti seriate rays composed mostly of  square cells and 
pro cum bent cells (occasionally also upright cells) mixed 
through out the rays (Figs 4E, F). Radial canals absent. Crys-
tals in ray cells not found.  

Bark structure 
Juvenile stems circular in outline, with eight-point star 

shaped conductive cylinder and square pith (Fig. 5A). Epi-
der mis on young parts of  stems is composed of  a layer of  
co lumn-like to isodiametric rectangular cells of  10–23 µm 
in tangential size with thin walls and very thick (5–9 µm) 
outer walls covered by thin cuticle. Trichomes not found. 

Cortex is 20–25 cells in width, composed of  collenchyma 
and parenchyma. Cortical collenchyma is angular-lamellar 
in 2–3 layers of  cells which are 20–40 µm in tangential 
diameter, containing no crystals. Cortical parenchyma 
is of  18–23 layers of  isodiametric to thin-walled cells of  
30–70 µm in tangential diameter, occasionally containing 
druses. Pericyclic fibers are thick-walled, solitary and in 
clusters of  2–15 (Fig. 5B). 

Mature bark (Fig. 5C) gray, non-peeling, brittle, without 
fissures and scales. The initiation of  first -formed periderm 
is in subepidermal layer. The phellem is composed of  8–12 
layers of  more or less radially flattened cells with thin cell 
walls (2.5–3.0 µm thick). The phelloderm comprises of  7–10 
layers of  radially flattened thin-walled cells. No crystalli fe-
rous cells found in periderm. Subsequent periderms not 
found (Figs 5C, D).

Pseudocortex found between periderm and dilated 
secondary phloem as a prominent parenchymatous zone of  
1.2–1.4 mm in width. This bulk of  parenchyma is apparently 
derived from phelloderm, dilated cortical parenchyma, and 
outer regions of  dilated secondary phloem. Dilation of  
pseudo cortex is affected mostly by tangential stretching and 
by anticlinal divisions of  parenchyma cells, thus forming 
strands of  two to ten cells. Large (90–170 µm in tangential 
size) solitary isodiametric sclereids with very thick walls 
occur in pseudocortex. Crystals not found (Fig. 5C).

Secondary phloem consists of  conductive elements, 
axial parenchyma and small clusters of  3–8 fibres and iso-
dia met ric sclereids associated with the strands of  cham-
be red axial parenchyma cells containing prismatic crystals 
(Figs 5C, E). These clusters of  sclerenchyma are scatte red 

Figure 3 Bark structure of  Androstachys johnsonii Prain [A. Oskolski 
258-18], tangential longitudinal sections (LM): A – conducting se-
condary phloem: sieve tube members, crystaliferous (arrows) and 
non-crystaliferous axial parenchyma strands, uniseriate rays, se con-
dary phloem fibres (asterisk); B – non-conducting secondary phloem: 
sclereids (arrowheads), secondary phloem fibres, sclerified axial 
parenchyma strands with prismatic crystals (arrows), dilated axial 
parenchyma. Scale bars = 100 µm
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within the zones of  conductive elements and axial paren chy-
ma without prominent pattern.  Sieve tubes are 20–30 µm 
wide, in radial groups of  2–7. The sieve tube mem bers are 
217 µm (167–295 µm) in length. Sieve plates are com pound 
with 2–6 sieve areas, located on vertical or slightly oblique 
cross walls. Axial parenchyma in strands of  2–4 cells, 
occasionally with chambered cells containing small pris matic 
crystals.  Secondary phloem fibers are very thick-walled, 868 
µm (359–1353 µm) in length. Sclereids rec tangle-shaped, 
iso dia metric to somewhat vertically elon gated of  15–45 µm 
in tangential size, very thick-walled, oсoccasionally with pro-

minent layers in cell walls. Tran si tion from non-collapsed 
to collapsed secondary phloem is gradual. In collapsed 
secondary phloem, the axial paren chy ma cells are tangentially 
stretched, and the sclerenchyma clus ters are more large (up 
to 20 cells) and numerous. Dila tion of  secondary phloem 
effected mostly by tangential stret ching and anticlinal 
divisions of  ray cells (Figs 5 C, E, G).

Secondary phloem rays are uniseriate and 2–3 seriate 
(Fig. 5F). Uniseriate rays are composed of  mostly square 
cells while 2- and 3- seriate rays have procumbent cells in its 
cent ral portions. Dilated rays are extensively enlarged, most-

Figure 4 Wood structure of  Hyaenanche globosa (Gaertn.) Lamb. & Vahl: [A.Oskolski 324-19]: A – indistinct growth rings boundaries, axial 
parenchyma diffuse-in-aggregates (LM, TS); B – vessel element with simple perforation plates, vessel-ray pits with distinct borders  (SEM; 
RLS); C – alternate intervessel pits  (SEM, TLS); D – bordered pits on fibre wall (SEM, RLS); E – square and procumbent ray cells, vessel-ray 
pits not restricted to marginal rows of  ray cells (LM, RLS); F – uni- and 2–3-seriate rays, prismatic crystals (arrowheads) in axial parenchyma 
cells (LM, TLS). Scale bars = 100 µm (A, E, F), 50 µm (B),10 µm (D), 5 µm (C)
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Figure 5 Bark structure of  Hyaenanche globosa (Gaertn.) Lamb. & Vahl [A. Oskolski 324-19], (LM): A – juvenile stem: eight-pointed star shape 
of  conductive cylinder, square pith (TS): B – juvenile stem: epidermis without trichomes, cortex with collenchyma and parenchyma, band 
of  pericyclic fibres and phloem, secondary xylem (TS); C – mature bark: conducting (cph) and non-conducting (ncph) secondary phloem, 
dilated rays (asterisks), clusters of  secondary phloem fibres and sclereids, pseudcortex (pco) with sclereids (arrowheads), periderm (TS); 
D – periderm: phelloderm, thin-walled phellem cells (TS); E – conducting secondary phloem: sieve tubes and axial parenchyma, clusters 
of  secondary phloem fibres and sclereids (arrows) (TS); F – conducting secondary phloem: sieve tube members, crystaliferous (arrowhead) 
and non-crystaliferous axial parenchyma strands, uni- and 2–3-seriate rays, secondary phloem fibres (asterisks) (TLS); G – non-conducting 
secondary phloem: secondary phloem fibres, sclerified axial parenchyma strands with prismatic crystals, dilated rays and axial parenchyma 
(TLS). Scale bars = 500 µm (A), 200 µm (C), 100 µm (B, D, E, F, G)
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ly by tangential expansion and also by anticlinal division of  
ray cells resulting in rays of  up to 12 cells wide. Many of  
the ray cells contain starch grains. Prismatic crystals occur 
in the cells of  dilated rays (Fig. 5G).

Evolut ion of  some wood traits  
within Picrodendraceae

Both our observations on Androstachys and Hyaenanche, 
and the published wood anatomical data on other 
Picro dend ra ceae genera (Hayden, 1994; InsideWood, 
2004-onwards) have been used to reconstruct the patterns 
of  evo lu tion for the presence of  bordered pits on the 
fibre walls, the pro minence of  borders at the vessel-ray 
pits, the occurrence of  multiseriate rays, and the types of  
axial parenchyma (Figs 6A–D). The mapping of  this trait 
on a subset of  the Maximum Clade Credibility consensus 
timetree of  Picrodendraceae of  the combined analysis of  3 
nuclear, 5 mitochondrial and 4 plas tid regions (Grimsson et 
al. 2019) shows that the lack of  bor dered pits on fibre walls, 
the vessel-ray pits with distinct bor ders, the presence of  
multiseriate rays, and exclusively apo tracheal (diffuse and/
or diffuse-in-aggregates) axial paren chy ma are ancestral 

conditions for this group. The gains of  bordered pits 
occurred in Austrobuxus and, independently, in Hyaenanche 
and Androstachys, i.e. in the basal lineages of  the African 
clade, with the secon dary loss in Oldfieldia and Aristogeitonia 
(Fig. 6A). Two shifts from distinctly bordered ves sel-ray pits 
to indistinctly bordered or simple ones found in Austrobuxus 
and Piranhea (Fig. 6B). The multiseriate rays were lost in 
Androstachys and, independently,  in one species of  Piranhea 
(Fig. 6C). The gains of  banded axial parenchyma shown 
in Dissiliaria, Aristogeitonia and Piranhea; the shift from 
apotracheal axial parenchyma to scanty paratracheal one 
found only in Androstachys (Fig. 6D).   

D I S C U S S I O N
Androstachys johnsonii and Hyaenanche globosa share a suite 

of  wood traits (exclusively simple perforation plates, minute 
to small intervessel pits, nonseptate thick-walled imperforate 
elements, the occurrence of  prismatic crystals in axial paren-
chyma cells) found in most genera of  Picrodendraceae 
explo red to date (Hayden 1994, InsideWood 2004-onwards). 
H. globosa also shows such typical features of  this family as 
apo tra cheal (mostly diffuse-in-aggregates) axial parenchyma 

Figure 6 Distribution of  the wood character states within the Picrodendraceae mapped onto a subsample of  the Maximum Clade Credibility 
consensus timetree of  the combined analysis of  3 nuclear, 5 mitochondrial and 4 plastid regions (Grimsson et al. 2019). A – the presence 
of  distinctly bordered pits on fibre walls (white – absent, black – present); B – the prominence of  borders at the vessel-ray pits (white – pits 
with reduced borders or simple, black – pits with distinct borders); C – the occurrence of  multiseriate rays (white – rays exclusively uniseriate, 
black – uni- and multiseriate rays); D – the type of  axial parenchyma (white – only apotracheal, hatch – apotracheal and banded, black – only 
scanty paratracheal)
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and numerous mostly multiseriate rays (11–19 rays per mm). 
Unlike that, A. johnsonii has scanty paratracheal axial paren-
chy ma and relatively sparse (4–13 per mm) exclusively uni-
se riate rays. Although these traits are uncommon within 
Picro dend ra ceae (Figs 6C–D), Androstachys shares those with 
two species of  a Malagassy genus Stachyandra (InsideWood 
2004-onwards). Such a similarity in wood structure confirms 
close relationships between these two genera sharing also 
some unique morphological features of  their male flowers 
(Rad cliffe-Smith 1990, Webster 2014, Sokoloff  et al. 2018). 
The position of  Stachyandra has not yet been examined, how-
ever, by molecular phylogenetic analysis. 

Androstachys is also distinctive from Hyaenanche in having 
vessel-ray pits restricted to marginal rows. This feature ma-
ni fests the differentiation between the contact ray cells and 
the isolation ones (Braun 1970). The loss of  vessel-asso cia-
ted parenchyma cells in the rays of  Androstachys is thought 
to be recouped by the shift from apotracheal axial paren-
chy ma to scanty paratracheal one (Fig. 6D) in this genus 
(Braun 1984, Morris et al., 2018). Although the vessel-ray 
pits res tric ted to marginal rows occur in Phyllanthaceae, 
Pera ceae, Euphorbiaceae, and the majority of  other woody 
fa mi lies belonging to the order Malpighiales (InsideWood 
2004-onwards), this trait has never been reported in 
Picrodendraceae. 

The presence of  bordered pits on fibre walls in Andro
stachys and Hyaenanche is seemingly an ancestral condition for 
the African clade of  Picrodendraceae with its secondarily 
loss in Oldfieldia and Aristogeitonia (Fig. 6A). This trait has also 
been re por ted for the Malagasy genera Stachyandra and Voa
ta malo (InsideWood 2004-onwards), that also presumably 
belong to this clade. Following Sano’s et al. (2011) data, the 
bordered pits on fibre walls in both studied species could 
be able to con duct water due to their large size (> 4 μm in 
dia meter). These pits are confined, however, only to radial 
walls of  mostly thick-walled fibers with narrow lumina. 
These fibers are hardly involved, therefore, in the water 
conductance in Androstachys and Hyaenanche.  

Hayden (1994) suggested great significance of  the 
shape of  ves sel-ray pits for systematics of  Picrodendraceae. 
This author con si dered the occur rence of  “irregular” (i.e. 
scalari form or pali sade) vessel-ray pits as an ancestral condi-
tion re por ting the presence of  such pits in all Australasian 
genera of  this family as well as in Paradrypetes and Podocalyx, 
two Neotropical genera. The published reliable information 
on the variation of  shape of  vessel-ray pits within Picro-
dend ra ceae (Araujo & Filho 1984, Hayden 1994, Inside-
Wood 2004-onwards) is not sufficient, however, to test 
this hypothesis. Instead, the mapping of  available data on 
the prominence of  borders at the vessel-ray pits (Fig. 6B) 
suggests that this trait is also of  certain value for systematics 
of  some genera, e.g. Austrobuxus and Piranhea.   

Androstachys johnsonii shows much higher vessel 
frequency (average 273.5 per mm2) and grouping (43.3 % of  
solitary vessels) than H. globosa (37.0 per mm2 and 85.2 %, 
res pec ti vely) coupled with nearly equal figures of  vessel dia-
me ter in both species (average 28.3 µm in A. johnsonii, and 
31.4 µm in H. globosa). These differences in vessel traits are 
thought to be associated with contrating climatic con di tions 
influencing those species. While H. globosa is con fined to 
the Mediterranean-type climate with hot dry sum mer and 
rainy mild winter (Csa type sensu Köppen & Gei ger’s clas-
si fi ca tion; Peel et al. 2007), A. johnsonii is distributed in the 
regions of  hot semi-arid climate with wet summer and dry 
winter (Bsh type). Although the annual precipitation within 
the distribution area of  the latter species (average 644 mm) 
is more than twice as high as within that of  the former 
one (average 266 mm, Table 2), this rainfall is timed to 
hot season with high evaporation. Presumably, A. johnsonii 
has much higher transpiration rate during wet season 
than H. globosa, and more numerous vessels are required 
for suf fi ci ent supply of  water to its leaves. If  that is the 
case, the higher vessel grouping in A. johnsonii can be a way 
of  increasing safety of  water conductance by providing 
subsidia ry conduits whereby water can be carried in case of  
air em bo lisms of  some vessels in a group (Carlquist 1984, 

Table 2. Average values of  bioclimatic variables for distribution ranges of  Androstachys johnsonii and Hyaenanche globosa 
(temperature in °C, precipitation in mm)

Abbreviations Bioclimatic variables Androstachys johnsonii Hyaenanche globosa

BIO1 Annual mean temperature 22.3 17.3
BIO2 Mean diurnal range 12.9 15.2
BIO3 Isotermality (BIO2/BIO7) (×100) 59.5 58.7
BIO4 Temperature Seasonality (standard deviation ×100) 2941 3914
BIO5 Max Temperature of  Warmest Month 31.6 31.0
BIO6 Min Temperature of  Coldest Month 10.0 5.1
BIO7 Temperature Annual Range (BIO5-BIO6) 21.6 25.9
BIO8 Mean Temperature of  Wettest Quarter 25.4 12.9
BIO9 Mean Temperature of  Driest Quarter 18.1 22.1
BIO10 Mean Temperature of  Warmest Quarter 25.4 22.2
BIO11 Mean Temperature of  Coldest Quarter 18.0 12.2
BIO12 Annual Precipitation 644.5 265.9
BIO13 Precipitation of  Wettest Month; 126.6 48.2
BIO14 Precipitation of  Driest Month 6.8 4.0
BIO15 Precipitation Seasonality (Coefficient of  Variation) 81.1 66.1
BIO16 Precipitation of  Wettest Quarter 351.0 129.4
BIO17 Precipitation of  Driest Quarter 26.9 19.1
BIO18 Precipitation of  Warmest Quarter 347.0 22.2
BIO19 Precipitation of  Coldest Quarter 27.8 128.2
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Lens et al. 2011). Physiological evidence for transpiration 
rates and hydraulic conductivity of  wood in two species is 
required, however, to confirm or reject this explanation.

The available information on the bark structure in 
Picro den draceae and its related families (Phyllanthaceae, 
Euphor bia ceae, Peraceae etc) is insufficient to recognize 
any taxo no mic or evolutionary patterns in its diversity. Both 
A. johnsonii and H. globosa show subepidermal initiation of  
phello gen, the presence of  thick-walled fibers and sclereids 
as well as of  axial parenchyma strands with prismatic crystals 
in secondary phloem. The sieve tube members in these spe-
cies are also much shorter than the vessel elements that 
indi cates the common occurrence of  transverse anticlinal 
divisions in the differentiation of  the phloem conductive 
ele ments (their secondary separation sensu Zahur (1959)).  
These features have also been reported in most genera of  
Phyllan thaceae and Euphorbiaceae examined by bark ana-
to mists to date (Moeller 1882, Pax 1884, Zahur 1959, Roth 
1981, 2005, Farías et al. 2009). At the same time, the bark 
of  A. johnsonii and H. globosa seemingly lacks any secretory 
struc tures which are characteristic for many members of  
these plant families. 

Piranhea longepedunculata Jabl., the only species of  Picro-
den draceae whose bark structure has been explored to date 
(Roth 1981, 2005), differs from A. johnsonii and H. glo bo sa 
in having phelloderm cells with sclerified walls, tanni ni-
ferous (“secretory”) cells in secondary phloem, the pre-
sence of  two types of  axial parenchyma (with the strands 
of  vertically elongated cells containing few starch grains, 
and those made of  nearly isodiametric cells filled with 
starch), and also the lack of  secondary phloem fibers and 
crys ta liferous axial patenchyma. The co-occurrence of  two 
latter traits in the species under study coupled with their 
loss in P. longepedunculata confirm Roth’s (1981) suggestion 
about close association in formation of  phloem fibers and 
crystaliferous strands of  axial parenchyma.

The bark of  A. johnsonii is conspicuous in the presence 
of  abundant sclereids and secondary phloem fibers arran ged 
into extended clusters or in continuous bands, and in the 
lack of  ray dilatation. Unlike that, H. globosa shows only small 
clusters of  sclereids and fibers coupled with pro mi nent ray 
dilatation. Obviously, these features are asso cia ted with 
different ways of  bark dilatation in two species. In H. globo
sa, the expansion of  bark in girth is achieved by tan gential 
stretching and anticlinal divisions of  cells in radial, axial 
and cortical parenchyma. As a result, a vast pseudo cortex 
as a pa ren chymatous zone of  mixed origin (derived from 
cortex and secondary phloem) is formed in outer region of  
its bark. Con trastingly, the presence of  continuous bands of  
scle reids and fibers in secondary phloem of  A. johnsonii is 
hard ly compatible with ray dilatation. Instead, the formation 
of  very thick walls in those sclerenchyma cells is thought 
to make substantial contribution in bark expansion in this 
spe cies. Similar way of  bark dilatation has been reported by 
Mashim bye et al. (2020) in Searsia (Anacardiaceae). The con-
ti nuous bands of  sclereids and fibers can also perform an 
additional protection for the conducting secondary phloem 
that can be suffered otherwise by fissuring of  bark due to 
its dila ta tion. The protective role of  sclerified secon da ry 

phloem has been shown, for instance, in the bark of  Buddleja, 
a genus of  Scrophulariaceae (Frankiewicz et al. 2021).

Androstachys johnsonii differs from H. globosa also in ha-
ving abundant long trichomes on epidermis of  young 
shoots. Those are very similar to two-celled trichomes from 
the dense indumentum on abaxial side of  the leaves of  
this spe cies (Alvin 1987). Unlike A. johnsonii, H. globosa has 
glab rous leaves (Hayden 1994) and juvenile stems (Fig. 5A, 
B). Alvin (1987) suggested that the trichomes on leaves of  
A. john sonii are involved in the water uptake from the aerial 
envi ron ment, particularly during the dry season when the 
water is available mostly from drizzle or mists. This function 
of  indumentum on the juvenile stems of  this species can be 
explained in the same way.
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