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ABSTRACT KEYWORDS
Pinaceous ovulate cones have an abundant fossil record since the middle Lower Cretaceous. Pinaceae,
Pinus belgica Alvin (1960) is considered the second oldest representative of the genus Pinus. Cretaceous,
This taxon has thus often been included in phylogenetic and molecular dating analyses Belgium,

although its age and stratigraphy are uncertain. We redescribe this important species and Wealden facies
discuss its spatiotemporal occurrence (middle Barremian to late Albian of the Mons Basin,
Belgium). Several anatomical features are updated (resin canals abaxial to vascular bundles,
bract and ovuliferous scale separating medially first, resin canals distributed at the edge
between pith and vascular cylinder). We show that the species does possess the diagnostic
characters of Pinus (e.g. thick apophysis, dorsal umbo, resin canals abaxial to vascular tissue,
bract and scale traces united at origin) and there are currently no arguments to question its
inclusion within the genus Pinus. Yet, this species should be considered with caution in

molecular dating analyses, as the broad temporal uncertainty is likely to affect the precision

of deep nodes within Pinaceae.
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1. Introduction

Fossils of pinaceous ovulate cones are found in abundance since
the middle Early Cretaceous. Numerous ovulate cone taxa are
described in Aptian strata from North America, Western Europe
and Asia, (Miller, 1976a, 1976b; Falder et al., 1998; Ratzel et
al., 2001; Rothwell & Mapes, 2001; Smith & Stockey, 2002;
Klymiuk & Stockey, 2012; Herrera et al., 2016, 2021; Smith et
al., 2017; De Brito & Prestianni, 2021). While the family
Pinaceae underwent a diversification phase during the
Cretaceous period, the timing of the appearance of its earliest
representatives is still debated (Zhang et al., 2011; Leslie et al.,
2013; Falcon-Lang et al., 2016a; Domogatskaya & Herman,
2019; Matsunaga et al., 2021), obscuring the tempo of this
radiation. The earliest records of the family come from poorly
preserved specimens or taxa whose affiliation is under debate,
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such as the genus Schizolepidopsis Doweld emend.
Domogatskaya & Herman, recently assigned to the Pinaceae
family (Doweld, 2001; Leslie et al., 2013; Domogatskaya &
Herman, 2019; Matsunaga et al., 2021).

Pinus mundayi Falcon-Lang, Mages, Collinson from the
Valanginian of Canada is described as the oldest representative
of wood of the genus Pinus Linné (Falcon-Lang et al., 2016a).
Its status remains nonetheless debated in the literature, notably
the interpretation of its anatomy and dating (Falcon-Lang et al.,
2016a, 2016b; Hilton et al., 2016).

Currently, two ovulate cone taxa are regarded as the oldest
representatives of the genus Pinus: Pinus belgica Alvin (Alvin,
1960) and Pinus yorkshirensis Ryberg, Stockey, Hilton, Mapes,
Riding et Rothwell (Ryberg et al., 2012). Pinus belgica plays a
key role in many phylogenetic and molecular dating analyses
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despite uncertainties regarding its age, its unknown origin, and
gaps in its anatomical description (Eckert & Hall, 2006;
Willyard et al., 2007; Gernandt et al., 2011, 2016, 2018; Saladin
et al., 2017; Smith et al., 2017). Moreover, until the description
of P. yorkshirensis in 2012, it was considered as the oldest
ovulate cone belonging to Pinus and has shaped our view of the
evolution of the genus and the Pinaceae. For example, Miller
(1976a) stated that “the occurrence of P. belgica Alvin, 1960 in
the Lowermost Cretaceous not only documents the great
antiquity of this modern genus but offers strong support for the
hypothesis that the ancestral complex of the Pinaceae is
distinctly Pinus centered [...] “(Miller, 1976a, p. 114). Alvin
(1960) described the species from a single specimen of ovulate
cone coming from Wealden sediments, from an unknown
locality in the Mons Basin, Belgium. In particular, he stated
“Unfortunately, the one specimen upon which this species is
based is unlocalized. However, in its practically uncompressed,
lignitic state, it resembles most of the other plant remains from
the Belgian Wealden, and the adhering particles of fine-grained,
grey matrix are similar to the usual kind of matrix; there is thus
no good reason to doubt that it comes from the same
formation.” (Alvin, 1960, p. 18). The species Pinus bukatkinii
Bazhenova & Bazhenov has recently been described from the
Middle Jurassic of Russia (?Bathonian, Belgorod Region;
Bazhenova et al., 2023). However, its position in the phylogeny
of the Pinaceae has not been explored and its Bathonian age is
yet unconfirmed. It does, however, possess diagnostic
characteristics of the genus Pinus and could prove a more
ancient origin of the genus, if its age is confirmed.

The geographic origin of P. belgica remains unclear. Within
the Mons Basin, the western and eastern Wealden facies are
diachronous (Yans et al., 2005; Baele et al., 2012). In the
western part of the basin, these facies are dated by palynological
and geochemical studies as middle Barremian to earliest Aptian
(Dejax et al., 2007b, 2007a, 2008; Baele et al., 2012; Spagna et
al.,, 2012). In the eastern part, the sediments are tentatively
considered as belonging to the late Albian (Yans et al., 2002,
2005, 2010; Schnyder et al., 2009). It is not known whether the
type specimen of P. belgica comes from a western or an eastern
locality.

Since its description, several authors noted the uncertainties
surrounding the age of this taxon. In molecular dating studies,
Eckert & Hall (2006) included P. belgica to date the sub-genus
Pinus. Willyard et al. (2007) included P. belgica with an
erroneous age range of Berriasian—Barremian (145-125 Ma)
into fossil calibrations of molecular divergence. Their results
place P. belgica at the divergence between Pinus and other
Pinaceae. However, Saladin et al. (2017) did not use P. belgica
to estimate divergence times because of its ambiguous
stratigraphy and dating. Several cladistic studies of Pinaceae
using morphological and/or molecular data included P. belgica
in their analyses (Ryberg et al., 2012; Gernandt et al., 2016,
2018; Smith et al., 2017). It resulted in P. belgica clustered into
the Pinus crown group in each analysis, forming a polytomy
with other species of Pinus (extant and extinct) and some
species of Pityostrobus.

This work is part of an ongoing revision of pinaceous
species recovered in the Belgian Wealden facies. Among these,
P. belgica is the only listed species described from a single
specimen (Alvin, 1953, 1957, 1960). Considering its
evolutionary significance, a revision is therefore particularly
needed. Moreover, Wealden sediments are rich in pyrite
(Schnyder et al., 2009) and some ovulate cone specimens are
affected by it, as are the iguanodons of Bernissart, which come
from the same Wealden facies (Godefroit & Leduc, 2008;
Leduc, 2012). Pyrite decay appears to have affected the
holotype and only specimen of P. belgica, as parts have been

degraded since the original description. The purpose of the
present study is therefore to review this key species to clarify its
taxonomic position but also to preserve some anatomical
information that may never be accessible again if the specimen
were to be further affected by pyrite decay.

2. Geological settings

Pinus belgica comes from the Mons Basin (Belgium) that is
considered as representing the northeastern part of the Paris
Basin (Marliére, 1970; Dejax et al., 2007a; Pirson et al., 2008).
The Mons Basin is oriented west—east in Belgium (Fig. 1A) and
has accumulated over a thickness of 300 m Mesozoic and
Cenozoic deposits (Fig. 1B; Marli¢re, 1970; Yans et al., 2010;
Baele et al., 2012). The deposition of the Wealden facies is
largely diachronous, extending from the late Barremian in the
west (127.3 Ma), to the late Albian in the east (100.5 Ma; Allen
& Wimbledon, 1991; Robaszynski et al., 2001; Yans et al.,
2006; Dejax et al., 2007a, 2008; Gernandt et al., 2008). The
sediments encountered in the western localities (Baudour,
Bernissart, Hautrage and Villerot) belong to the Sainte-Barbe
Clay Formation, the Baudour Clay Formation, and the Hautrage
Clay Formation. The three formations are dated by
palynological and geochemical studies as middle Barremian to
carliest Aptian (Dejax et al., 2007a, 2007b, 2008; Bacle et al.,
2012; Spagna et al., 2012). In the eastern part, the sediments
belong to the Saint-Pierre Gravels Formation, which is
tentatively considered as belonging to the late Albian (Yans et
al., 2005, 2010; Spagna et al., 2012). It includes the localities of
La Louviere, Houdeng-Aimeries, and Soignies. Although this
west—cast Barremian—Albian age gradient is supported by
multiple sources of data (Yans et al., 2005; Yans, 2007), several
eastern localities, such as Houdeng-Aimeries (Roeulx 5) and La
Louviere (Roeulx 1), have never been precisely dated. Pinus
belgica is thought to come from Wealden sediments (Alvin,
1960) and thus potentially from one of these nine localities (Fig.
1A).

The Wealden facies is present in the northern part of the
Mons Basin and occurs as ‘pockets’ of weakly buried sediments
(Pirson et al., 2008). The sediments consist of grey to dark grey
clays, often laminated, with thin horizons of wood-bearing
sands and silts. They also contain pyrite (often oxidized to
jarosite and gypsum), siderite, and goethite (Schnyder et al.,
2009). The sedimentary layers from which all the fossilized
ovulate cones were collected consist of sandy clay, with
proportions varying depending on the locality (Alvin, 1953;
Allen, 1955; Allen & Wimbledon, 1991; Robaszynski et al.,
2001). In general, the Wealden outcrops are rare and due to their
high content in clay minerals and weak diagenesis, their
durability and resistance to erosion and weathering are poor
(Yans et al., 2011).

3. Material

The specimen was collected by Professor Charles Bommer
(Bommer, 1892; Harris, 1953; Alvin, 1960). It consists of an
ovulate cone broken in several parts (IRSNB b 7690) and three
isolated scales, which became dissociated after collection
(IRSNB b 7693, IRSNB b 7694, IRSNB b 7697).

Longitudinal and transverse anatomical thin sections of the
axis, scales, and seeds have been prepared by K. L. Alvin for the
specimen IRSNB b 7690 (anatomical section numbers: Jy, J, J3,
Js, Js, Jo). All the material is curated in the Palacontological
collections of the Royal Belgian Institute of Natural Sciences
(RBINS) in Brussels, Belgium.

Additionally, five Pinaceae fossil cone species are included
for comparisons, based on publications: Pinus mutoi Saiki,
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Figure 1. A. Geological map of the Mons Basin and fossil localities, modified from Yans et al. (2010). B. Geological section of the Mons Basin

(Marliére, 1970; Yans et al., 2010).

Pinus yorkshirensis, Pityostrobus bommeri Alvin, Pinus
cliffwoodensis Miller & Malinky, and Pinus bukatkinii
Bazhenova & Bazhenov (Alvin, 1953; Miller & Malinky, 1986;
Saiki, 1996; Ryberg et al., 2012; Bazhenova et al., 2023).

4, Methods

Tri-dimensional observations and anatomical measurements
were obtained using the anatomical thin sections of Alvin
(1960) and by using nano-Computed Tomography (CT). The
three isolated scales were scanned at the nano—CT facility of the
RBINS using an EasyTom 130-kV scanner (RX Solutions, 3D
X-Ray tomography systems) fitted with a nanofocus X-ray
source and a 320#530mm detector. Ovuliferous scale specimens
IRSNB b 7693, IRSNB b 7694, IRSNB b 7697 were scanned in
their entirety using an iron filter 0.15 mm at a spatial resolution
of 10 pm, with an electron acceleration energy of 80 kV and a
current of 100 mA. The segmentation software Mimics
Innovation Suite 21.0 (Materialise, Belgium) was used to
reconstruct the volume renderings of the three isolated scales of
P.  belgica. Reconstructions are available online (see
Supplementary material section).

The material was also photographed with a Nikon D90
camera equipped with an AF-S DX NIKKOR 18-105mm {/3.5—
5.6G ED VR. Measurements on the specimen were performed
digitally with Imagel/Fiji 1.52n software (Schindelin et al.,

2012; Schneider et al., 2012; Rueden et al., 2017). Observations
and images of anatomical sections were done using a light
microscope (Zeiss Axioplan 2 Imaging microscope equipped
with and halogen lamp HAL 100) with an Infinity X-32C-
Deltap camera. Observations and images of sections were also

done with a stereo microscope Zeiss
(magnification of 6.5x—50x). The shots were
digiCamControl software.

5. Systematic palaeontology

Stemi

2000-C
taken with the

Division Pinophyta Cronquist, Takht. & W.Zimm. ex Reveal

Class Pinopsida Burnett

Order Pinales Gorozhankin

Family Pinaceae Spreng. ex Rudolphi
Genus Pinus L.

Pinus belgica Alvin emended

Type specimen. IRSNB b 7690, figured by Alvin (1960, pl.
IV, figs 3—13; PL. V, figs 1-8; text-fig. 4; anatomical section
numbers: J;, Jo, J3, Js, Js, Js), RBINS Palacontological

collections, Brussels, Belgium.

Isotypes. IRSNB b 7693, IRSNB b 7694, IRSNB b 7697.

Type locality and horizon. Unknown locality, Mons Basin,
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Belgium, Early Cretaceous, middle Barremian—late Albian
“Wealden facies”.

Emended diagnosis. Ovulate cone, ovoid-conic. The cone is
43 mm long and 21 mm wide. Cone-scale complexes helically
arranged. Visible peduncle of 3.5 mm long and 4.8 mm wide.
Ovuliferous scales are 15-17 mm long, around 7 mm wide in
maximum and 2-3 mm thick. Scale base is less than 3.9 mm
wide. Scales are thickened into a rhomboid apophysis and have
a prominent dorsal umbo, 2-3 mm thick. Scales are persistent
(flexer cone). Apophyses are 7 to 10 mm long and 5 to 8 mm
wide. Angle formed by the upper margin of the apophyses is
110°. Interseminal ridge present, extending for less than half the
diameter of the seed. Axillary complex separating from bract
near base. Bract and ovuliferous scale separate laterally first.
Bract and scale traces origin is united. Bract resin canals are
present, two in number. Vascular cylinder continuous, slightly
dissected. Seeds inverted, winged, two per scale.

Description. The specimen consists of an ovulate cone
broken into four parts (Plate 1A-E) and three isolated scales
(Plate 1E, G, H). All scales are fragmentary. Several anatomical
thin sections were prepared by K. L. Alvin on one of the broken
parts of the cone (Plates 2—6). The cone is 43 mm long and 21
mm wide (Plate 1A). The number of gyres is around 6 to 7. The
cone is stalked with a visible peduncle of 3.5 mm long and 4.8
mm wide (Plate 1A). Bract-scale complexes are helically
arranged (Plate 1A & D).

Axis. The cone axis diameter was measured on a
transversally broken part of the cone (Plate 1C). It measures 5.4
mm in diameter. The available anatomical preparations only
display a part of the axis (Plate 2A & B). The pith is incomplete
and measures 3.2 mm wide (Plate 2A & B). It is
parenchymatous. Cells are variable in size ranging from 25 pm
to 99 um in diameter. Larger cells are situated in the centre of
the pith while they progressively get smaller towards the
periphery (Plate 2B). There is no resin canal in the pith.
Sclerenchymatous cells occur (Plate 2D). They are isolated and
dispersed in the centre and get progressively more abundant
towards the periphery forming occasional sclerotic nests (Plate
2B). Secretory cells are present (Plate 2E). Few resin canals are

present at the margin between the pith and the vascular cylinder
(Plate 2A & B).

The vascular cylinder is 1.6 mm thick, mainly made up of
secondary xylem (Plate 2A, B, F, G). The vascular cylinder is
continuous, slightly dissected (Plate 2A & B). The vascular
cylinder is very dense with small cells. There are no resin canals
in the xylem (Plate 2A & B). The secondary xylem is composed
of tracheids with circular-bordered pits (Plate 2F) and primary
xylem possesses tracheids with helical thickenings (Plate 2G).
No growth rings are visible.

The inner and outer cortex are well delineated (Plate 2A)
and measure 3.0-3.5 mm wide together. Resin canals are
present in the inner cortex, organized in a circle around the
vascular cylinder (Plate 2A & B). They measure 0.2-0.3 mm in
diameter and dilate to about three times their size before
branching (Plate 3). The inner cortex is slightly sclerified (Plate
2A).

Bract-scale complexes. Ovuliferous scales are 15-17 mm
long, 7.0 mm wide in maximum and 2.7 mm thick (Plate 1E, G,
H). Scale bases are less than 3.9 mm wide (Plate 2A). Scales are
thickened into a rhomboid apophysis and have a prominent
dorsal umbo (Plate 1H; Plate 5E; Plate 6A). Apophyses are 7.3
mm long and 6.3 mm wide (Plate 1E, G, H). The angle formed
by the upper margin of the apophyses is 110°. Two resin canals,
originating in the cortex, supply each ovuliferous scale.
Between cortex and scale bases, the tissue is poorly sclerified
with few trichomes (Plate 2A & C). The origination of a bract
and a scale is illustrated through serial anatomical thin sections
(Plate 3). Bract and scale traces originate from the vascular
cylinder. They are united at the base (Plate 3G & H; Fig. 2A).
The single trace then divides into three: the central trace (i.e.,
bract trace - bt) gives that of the bract and the lateral traces (i.e.,
scale traces - sct) will supply the scale (Plate 3H). Bract and
ovuliferous scale separate medially first (Plate 4A & B).

The axillary complex separates from the bract near the base
(Plate 4A—C). Scale trace is abaxially concave (horseshoe
shaped) after divergence and tends to form a cylinder with the
bract trace (Plate 5B, C, D; Fig. 2B). The scales form an acute
angle with the axis (Plate 1A & D). The scale base presents no
signs of scale release but is broken (Plate 1A & D). The scale
trace derives from the two lateral strands (Plate 2A; Plate 3E—

scale
vascular
strands
wing
seed resin
canals
scale bract
trace
bract
trace

Figure 2. Schematic reconstruction
of the
vascularization and distribution

bract-scale complex

scale trace .
of resin canals at the base of the

scale. A. Scheme of the scale and

bract traces organization. B.
bract trace Bract and scale traces derivation
with associated resin canals.
resin canals Both  reconstructions  follow

anatomical information given in
Miller (1976a) and anatomical
observations illustrated on Plates
cortical resin 24,

canal
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H). At the base, resin canals are situated abaxially to the scales
(Plate 2A). The scales are abaxially sclerotic (Plate 2A).
Gradually going up toward the middle of the scale, resin canals
divide and move to the centre of the scale (Plate 5C, E). Going
up, they continue to divide and move to an adaxial position near
the top (Plate SD). At the end at the level of the apophysis, the
abaxial part of the scale becomes completely sclerified and the
resin ducts are mainly situated on its adaxial side (Plate 5D &
E). The level of sclerification varies along the scale (Plate 5). At
the base, it is very densely sclerified abaxially and has a thin
sclerified layer adaxially (Plate 4B-F). Between the vascular
bundles and the adaxial face of the scale, the tissue is
parenchymatous (Plate SA). At the level of the seed, the abaxial
part of the scale is more and more sclerified until the lumen of
the cells disappears completely (Plate 5SA). At the top of the
seed level, there is a gradual reduction in the thickness of the
densely sclerified part, and it becomes progressively less
sclerified abaxially (Plate 5B & C). The lumen of the cells
gradually enlarges (Plate 5-B & C), becoming clearly visible at
the top of the wing (Plate 5B). The scales are less sclerified
thereafter, there is parenchyma abaxially and adaxially to the
vascular bundles (Plate 5C). Towards the distal end, the scale
undergoes sclerification once again, abaxially forming the
apophysis (Plate 5D). Abaxially to the vascular bundles, within
the sclerified portion of the apophysis, parenchyma is no longer
present. Vascular strands are abaxially convex at the seed level
(Plate 6C & E). Towards the top of the scale, the vascular
strands bifurcate, forming up to 16 smaller strands (Plate 5D;
Plate 6D).

Bracts. The bract trace is terete (Plate 3A—H). It measures 2—
4 mm wide and 0.3-2 mm thick. The bracts can only be seen in
cross-section, which means that the length and margins of the
bracts cannot be observed (Plate 4). After the divergence with
scale trace, the vascular bundle descends before ascending to
supply the bract (Plate 3A). No resin canals are present. The
bract has one vascular bundle and is parenchymatous (Plate 4).
Bract trace extension enters the bract (Plate 2C). Although no
bract was cut longitudinally, it was possible to infer its shape by
interpreting successive transversal thin sections (Plate 4). The
bract is pointed in shape (Plate 4) and becomes thinner distally
(Plate 4D). In transversal section, it exhibits a trapezoidal shape
at the base (Plate 4A), followed by flattening and thickening in a
semi-circular manner in the middle, and further flattening on the
sides (Plate 4B-F). At the base of the bract, on the adaxial side,
almost in contact with the scale, some rare trichomes were
observed (Plate 2C).

Interseminal ridge and seeds. Scales bear two inverted seeds
at their base (Plate 6C & E). Trichomes are present between the
scale and the seed. An interseminal ridge is present and extends
for less than half the diameter of the seed (Plate 6C). Two of the
three isolated scales have immature seeds at their base (Plate 6C
& E). Seeds are winged (Plate 1E, G, H). Wings are at least 10.0
mm long and 2.5 mm wide. The wing derives from scale tissue
(Plate 1E). Sarcotesta and sclerotesta are 0.012 mm thick. No
resin vesicles are visible in the integument. Seed integument is
sclerotic (Plate SA).

Comparisons. We compare the morphology and geological
age of P. belgica to four other species of Cretaceous ovulate
cones, belonging to the genera Pinus and Pityostrobus (Table 1;
Figure 3). Pinus mutoi is precisely dated from the Coniacian
(89.8-86.3 Ma; Saiki, 1996). Pinus yorkshirensis is also
relatively well dated from the Valanginian-Hauterivian
transition (~132.6 Ma) while P. cliffwoodensis originates during
the Santonian—Campanian interval (86.3-72.1 Ma). Pinus
belgica and Pit. bommeri are both from the Belgian Wealden
facies. Pityostrobus bommeri was found in the Bernissart

locality. The eastern Wealden localities of the Mons Basin are
probably dated from the late Albian, but further studies are
needed to verify this hypothesis (Yans et al., 2005; De Brito &
Prestianni, 2021). At the west of the Mons Basin, Wealden
deposits of Bernissart and Hautrage localities are dated from
middle Barremian to early Aptian (Yans et al., 2005; Dejax et
al., 2007a). The species Pit. bommeri is described from the
locality of Bernissart (Alvin, 1953). As the type locality of P.
belgica is unknown, its stratigraphic repartition is broad and
imprecise, between late Barremian and late Albian. It must
probably come from a locality of the Mons Basin but it could
either come from an eastern or a western locality of the Mons
Basin (Alvin, 1960).

In the original description, the measurements of P. belgica
were all higher than ours (Table 1). The cone length is 43 mm
instead of 45 mm and the width is 21 mm instead of 30 mm.
The pith is not complete in sections. Alvin (1960) measured it at
5 mm. The vascular cylinder is 0.11-0.13 mm thick instead of 2
mm in the original description. Ovuliferous scales are 15-17
mm long instead of 20 mm, and 7 mm wide instead of 9 mm.
Immature seeds present in the isolated scale were 1.3—1.5 mm
long and 0.6-1 mm wide while in the original description,
mature seeds are figured and measured (9 mm long and 4 mm
wide (Alvin, 1960, fig. 4L). The seed specimens could not be
located in the RBINS Palaeontological collections. Regarding
cone length, P. belgica is close to the cone length of P.
yorkshirensis, but P. mutoi, Pit. bommeri, and P. cliffwoodensis
are much more elongated. Cone widths range from 21 to 31 mm
for all species except for P. mutoi, which is 60 mm wide. Pinus
belgica exhibits a thickened rhomboid apophysis with a dorsal
umbo, similar to those of P. mutoi and P. yorkshirensis (Table
1). Scales of P. belgica are similar in length to those of Pit.
bommeri and P. cliffwoodensis (between 10 and 19.9 mm), but
they are smaller than those of P. mutoi (35-40 mm) and larger
than those of P. yorkshirensis (1.7 mm). The width of the scales
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Figure 3. Stratigraphic repartition of Cretaceous Pinus and Pityostrobus
species: Pinus belgica Alvin (1960), Pinus mutoi Saiki (1996), Pinus
yorkshirensis Ryberg et al. (2012), Pityostrobus cliffwoodensis Miller
(1978), and Pityostrobus bommeri Alvin (1953).
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is similar in all species, ranging from 5.0 to 11.3 mm (with
scales of P. belgica being 7 mm wide). Similar to other species
of Pinus and Pityostrobus listed in Table 1, P. belgica has a
limited number of resin canals in the cortex, arranged in a ring
around the vascular cylinder in the inner cortex. This differs
from Alvin’s (1960) interpretation that they were present in the
axial cortex (Plate 2A). The sarcotesta and sclerotesta of P.
belgica exhibit a thickness ranging from 0.08 to 0.14 mm,
similar to that of P. mutoi (0.2 mm) and P. yorkshirensis (0.073—
0.087 mm). However, it is significantly thinner than that of P.
bommeri, which is 0.41 mm.

In the original description, Alvin (1960) described resin
canals located abaxially and occasionally adaxially at scale base.
In our reviewed description, resin canals of the scale base are
only abaxial to vascular strands, notably regarding the way the
scale trace and resin canals derived from the cone axis (Plate
3H; Fig. 2). Moreover, resin canals were originally described
within the vascular cylinder (Alvin, 1960), but our observations
reveal that they are actually located at the periphery of the
vascular cylinder, along the boundary between the cortex and
the vascular cylinder (Plate 2A). In P. yorkshirensis, few resin
canals were observed in the secondary xylem of the vascular
cylinder, unlike P. belgica, which has no resin canals in the
xylem of the vascular cylinder.

6. Discussions

Our revised description of P. belgica confirms the presence of
three traits that are diagnostic of the genus Pinus (Miller 1976a):
rhomboid thickened apophyses, a pronounced dorsal umbo,
bract and scale traces united at the origin. Several traits have
been modified from the original description of Alvin (1960),
including multiple characters that are usually scored in
morphological matrices (Smith et al., 2017; Gernandt et al.,
2018). An important reinterpretation deals with the organization
of resin canals at scale base. Indeed, Alvin (1960) described the
presence of resin canals adaxial and abaxial to the vascular
bundles at scale base. However, this was not confirmed by our
observations (Plate SA & Plate 6C): we rather observed resin
canals only abaxial to the vascular bundles. This is depicted in
the suggested reconstruction illustrating the derivation of the
bract-scale from the axis (Fig. 2). It shows that the way the bract
and scale derived from the cone axis is only consistent with
resin canals abaxial to vascular bundles. Resin canals only
abaxial to the vascular bundles is a diagnostic character of the
genus Pinus that is not found in ovulate cones of other genera
(Miller, 1976a; Shang et al., 2001; Klymiuk & Stockey, 2012).
The modification of this trait is important because it was used
by Alvin (1960) as an argument for a so-called ‘transitional’
position of P. belgica within the genus Pinus and other genera
of Pinaceae. We have described for the first time the way the
bract and ovuliferous scale separate as medially first (Plate 4A—
B). This character was not described by Alvin (1960), but it was
observable on his plates and schemes (Alvin, 1960, p. 19, fig.
4). Usually in phylogenies, this character was indicated to
separate laterally first (Gernandt et al., 2018). This feature of the
scale and bract separating medially first is known to occur in the
genera Abies, Larix, Tsuga, Eathiestrobus, and some species of
Pityostrobus. In the other genera of Pinaceae (including the
extinct genera Eathiestrobus, Obirastrobus and
Pseudoaraucaria) the scale and bract separate laterally first
(Miller, 1977; Ryberg et al., 2012). Miller (1977) transferred
Pinus lynni into Pityostrobus lynni, arguing that the traces of
bract and scale separate medially first and not laterally (and also
based on the entrance of bract trace in the free part of the bract).
In subsequent phylogenies, P. /ynni has always been placed in
the Pinus clade (Ryberg et al., 2012; Gernandt et al., 2018). The

diagnostic nature of this character should be discussed and
explored in further studies. This character may not be all that
diagnostic, as Miller (1977) has previously speculated. We
therefore assume that this character is maybe not a feature
excluding specimens from the genus Pinus at this stage of our
knowledge.

We also report for the first time the presence of a few scale
trichomes (Plate 2A, C). Our observations also show that they
are present in the periphery of the pith, at the edge between the
pith and vascular cylinder (Plate 2A). Overall, the updated
description of P. belgica confirms its assignment to the genus
Pinus by Alvin (1960). The observation of the diagnostic
features of Pinus was made possible by the exceptional
preservation of the specimen, typical of the Wealden facies
sediments of Belgium. Although the dating of P. yorkshirensis
is well constrained, the quality of preservation is lower than in
P. belgica and the tissues are less well preserved. To date, this
makes P. belgica, one of the oldest representatives of the genus
Pinus with such an exceptional preservation.

Other modifications compared to the original description
concern the measurements of the ovulate cone and cone
structures made by Alvin (1960). We measured the different
structures on the specimen ourselves (Table 1). For most of the
structures, we found differences between our measurements and
those of Alvin (1960), ranging from 5.5% (for the cone length)
to 30% (for the cone width). The length of the cone was
measured by Alvin (1960) at 45 mm, and we measured 43 mm
(Table 1). Other structures we measured show a larger
discrepancy, such as the width of the cone, which we measured
at 21 mm against 30 mm for Alvin (1960) description (keeping
in mind that the cone has been degraded since its first study).
Part of this difference may at least be explained by operator
bias. In parallel, in its original publication, Alvin (1960)
hypothesized that the size of some specimens was reduced after
drying of the matrix and the fossils. He considered that the
specimens were probably 20-25% smaller than their original
size based on the observation of an ovulate cone specimen from
the locality of Villerot. He wrote: “[...] it is striking how much
smaller the cone is than the cavity (impression) that it occupies
in the now dry matrix. [...] The linear dimensions of the fossil
are thus nearly 20 % less than those of the impression.” (Alvin,
1960, p. 3). He suggested that the size of ovulate cone
specimens, including the one described as the holotype of P.
belgica, was probably reduced after their collection due to
drying of the fossil specimens and enclosing sediments. It is
worth to note that we have observed first-hand the same
phenomenon in recently collected fossil specimens from the
locality of Hautrage and the retraction process has been clearly
observed (Fig. 4). However, no measurements were made
before the process of retraction began and we did not collect
specimens showing the same configurations (sediment matrix,
external mould, pre- and post-drying measurements) available
for comparison. Nonetheless, we were still able to estimate a
size reduction of 17% (by measuring the difference between the
size of the cone and the imprint left in the dried clay) for the
specimen of Pityostrobus sp. collected at Hautrage (Fig. 4),
similar to the shrinking estimation of Alvin (1960).

Importantly, the deformation of ovulate cones after drying is
thus attested by the observation of Alvin (1960), on a specimen
of P. villerotensis (from the locality of Villerot), and our own,
on the specimen we collected from Hautrage (Fig. 4). However,
the sediment behaviour was not compared between the different
localities (more or less important shrinkage), because the
locality of P. belgica is unknown, and Wealden facies are
represented by four different formations in the Mons Basin
(Sainte-Barbe Clay Formation, the Baudour Clay Formation, the
Hautrage Clay Formation and the Saint-Pierre Gravels
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Figure 4. Example of size modification of a fossil ovulate cone after its collection in Wealden sediments. The specimen collected in June 2019 in
Hautrage, Danube-Bouchon quarry. The sediments are dated to middle Barremian to late Albian (Dejax et al., 2008; Yans et al., 2010). This ovulate
cone is assigned to Pityostrobus sp. The blue delineation (right) shows the cavity left vacant after the retraction of the specimen. From the

measurements of the total length of the cavity initially occupied by the ovulate cone and its present length, we estimate a length reduction of 17%.

Formation; Yans et al., 2005, 2010; Dejax et al., 2007a, 2007b;
Schnyder et al., 2009; Bacle et al., 2012; Spagna et al., 2012).
Moreover, Pinaceae material was found in nine different
localities where these different formations have been accessible
(Baudour, Bernissart, Hautrage, Villerot, Baume, Bracquegnies,
La Louvi¢ére, Houdeng-Aimeries and Soignies) (Yans et al.,
2005; Yans, 2007). Sedimentological studies have shown
differences in sedimentation and depositional environment
between Hautrage (fluviatile environment; Spagna et al., 2007,
2008) and Bernissart (lacustrine type environment; Dejax et al.,
2007a; Blanco-Moreno & Prestianni, 2021). Since the
composition of the sediments between these localities and
formations is different, it cannot be assumed that they behave in
the same way during drying (unless a comparative study is
conducted). At this point, the hypothesis of Alvin (1960) of a
possible shrinkage of the type specimen of P. belgica seems to
be likely but not certain. This shrinkage might have been
continuing over the last 60 years. This hypothesis of cone
shrinkage after drying is important because it would mean that
the dimensions of the ovulate cones (and maybe other plant
remains) in the Wealden sediments could be underestimated and
unreliable. This again calls for the importance of conducting a
thorough taphonomic study of these fossil plant assemblages.

7. Conclusions

The case of Pinus belgica represents a systematic dilemma. The
revision points several approximations in the original
description (diagnosis, measurements, stratigraphy, age). Its age
uncertainty is fairly broad, from middle Barremian to late
Albian and it should be thus used carefully in molecular dating
studies. We confirm that P. belgica possesses diagnostic
characteristics of Pinus (e.g., thickened apophyses, pronounced
dorsal umbo, resin canals abaxial to the scale trace, bract and
scale traces united at origin) which makes this species the
second oldest ovulate cone representative of the genus Pinus.
The species P. yorkshirensis is the oldest ovulate cone whose
dating and origin are well supported, and it would be advisable
to use it in priority in the analyses. We reinterpret several key
anatomical features differently than in the original description
(resin canals only abaxial to vascular bundles, bract and
ovuliferous scale separating medially first, resin canals

distributed at the edge between pith and vascular cylinder),
thereby modifying our understanding of morphology of the
carliest representatives of Pinus.
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Plate 1. Pinus belgica Alvin 1960 holotype (IRSNB b 7690). A. Complete ovulate cone with the four broken parts reassembled. B. First part of the

cone base. C. Second part of the cone base. D. Part of the centre of the cone. E. Cone scale IRSNB b 7693 in abaxial (left) and adaxial (right) views.
F. Third part of the cone base. G. Cone scale IRSNB b 7697 in abaxial (left) and adaxial (right) views. H. Cone scale IRSNB b 7694 in lateral (left),
abaxial (middle) and adaxial (right) views.
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Plate 2. Pinus belgica Alvin (1960) cone axis anatomy of IRSNB b 7690. A. Cone axis in transversal section (section J,5C). B. Cone axis in
transversal section (section J,6A). C. Bract and scale in transversal section (section J,2B). D. Sclerotic nest in the pith surrounded by parenchyma (the
picture corresponds to the area pointed by the black arrow in B. Section J,6a). E. Secretory cells in pith surrounded by parenchyma (black arrow.
Section J,6A). F. Tracheid’s vascular cylinder with circular-bordered pits in secondary xylem (white arrow). G. Tracheid’s vascular cylinder with
helical thickenings in primary xylem. b, bract; bt, bract trace; ic, inner cortex; oc, outer cortex; p, pith; rc, resin canal; sc, scale; scl, sclerenchyma; sct,
scale trace; t, trichome; ve, vascular cylinder.



L. DE BRITO ET AL.: REVISION OF PINUS BELGICA FROM THE LOWER CRETACEOUS OF BELGIUM 83

—® =M O P>

0O u=w

Plate 3. Pinus belgica Alvin (1960) specimen IRSNB b 7690 bract and scale traces derivation. Anatomical thin sections are shown in order from A to
H, A being the closest part to the cone base. Bract and scale traces are united at the base. After the divergence with scale trace, the vascular bundle
goes down and then goes up to supply the bract. A. Anatomical thin section J,9A. B. Anatomical thin section J,10A. C. Anatomical thin section
J,10B. D. Anatomical thin section J,10C. E. Anatomical thin section J,10D. F. Anatomical thin section J,11A. G. Anatomical thin section J,11B.
H. Anatomical thin section J,11C. bt, bract trace; rc, resin canal; sct, scale trace; vc, vascular cylinder. The scale bar in H applies for each panel.

Abaxial side

Adaxial side

Plate 4. Pinus belgica Alvin (1960) specimen IRSNB b 7690, follow-up of the bract in transversal sections. Anatomical thin sections are shown in
order from A to F, A being the base of the bract and F the terminal end of the bract, showing its pointed shape. A—F show the follow-up of the bract
that flattened and thickened in a semi-circular way in the middle and flattened on the sides. A. Anatomical thin section J,4D, bract base is trapezoidal
in shape. B. Anatomical thin section J,5D showing bract and scale separating medially first. C. Anatomical thin section J,6E. D. Anatomical thin
section J,6A. E. Anatomical thin section J,7B. F. Anatomical thin section J,7A. b, bract; sc, scale. Scale bars = 1 mm.
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@ abaxial side

adaxial side

Plate 5. Pinus belgica Alvin (1960) specimen IRSNB b 7690 scale anatomy. A. Scale base in transversal section (anatomical thin section J,9A).
B. Scale at mid-height in transversal section (anatomical thin section J,3F). C. Scale in transversal section (anatomical thin section J;4I). D. Scale in
transversal section (anatomical thin section J;5G). E. Scale in longitudinal section (anatomical thin section Js3F). ap, apophysis; rc, resin canal; s,
seed; scl, sclerenchyma; u, umbo; vs, vascular strand.
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Plate 6. A. Photograph of scale IRSNB b 7694 in lateral view. B. Nano-CT-scanned virtual slice in longitudinal section of scale IRSNB b 7694.
C. Nano-CT-scanned virtual slice in transversal section of scale IRSNB b 7694. D. Nano-CT-scanned virtual slice in transversal section of scale
IRSNB b 7693. E. Nano-CT-scanned virtual slice in transversal section of scale IRSNB b 7697. is, immature seed; rc, resin canal; scl, sclerenchyma;
u, umbo; vs, vascular strand. Scale bars = 1 mm.



