[Papers in Palaeontology, 2024, e1550]

W) Check for updates

The first unique-headed bug (Hemiptera, Enicocephalomorpha)
from Cretaceous Iberian amber, and the Gondwanan

connections of its palaeoentomological fauna

by LEONIDAS-ROMANOS DAVRANOGLOU " * @,

RICARDO PEREZ-DE LA FUENTE'

, PETR BANAR? and ENRIQUE PENALVER?

10xford University Museum of Natural History, University of Oxford, Parks Road, Oxford OX1 3PW, UK; Irdreduvius@yahoo.gr
*Department of Zoology, Fisheries, Hydrobiology & Apiculture, Faculty of AgriSciences, Mendel University in Brno, Zemédélskd 1, Brno CZ-613 00, Czech

Republic

3CN Instituto Geoldgico y Minero de Espana (IGME), CSIC, C/Cirilo Amords 42, 46004 Valencia, Spain

*Corresponding author

Typescript received 11 September 2023; accepted in revised form 21 December 2023

Abstract: Enicocephalomorpha, also known as unique-
headed bugs, are a seldom-collected infraorder of hetero-
pteran insects whose evolutionary relationships have puzzled
entomologists for more than a century. Unique-headed bugs
are exceptionally rare in the fossil record, which hinders our
understanding of the morphological transformations of the
lineage across time and also affects the calibration of mol-
ecular clock estimates used to date the origins of the infraor-
der. Here, we report the discovery of Enicocephalinus ibericus
sp. nov. from Iberian amber in the Arino deposit in Spain,
early Albian (Early Cretaceous) in age. The new species rep-
resents the second oldest fossil enicocephalomorphan to
date, and the second record of this infraorder from Euro-
pean deposits. Remarkably, the closest relative of E. ibericus
is the congeneric E. acragrimaldii Azar from Lebanese amber

that is c¢. 20 myr older (Barremian), indicating a long-term
persistence of the Enicocephalinus lineage across geological
time. A review of the existing literature enabled us to record
a total of 20 congeneric insect species that have been found
in both Lebanese and Iberian ambers, suggesting the exis-
tence of previously underappreciated entomofaunal connec-
tions between southern Laurasia (the European archipelago)
and northern Gondwana during the Cretaceous. We show
that the palaeoentomological record holds remarkable poten-
tial for elucidating the faunistic exchanges and palaeobiogeo-
graphical patterns in the peri-Tethyan region during the
Cretaceous.

Key words: palacobiogeography, Iberia, Maestrazgo Basin,
Teruel, Lebanese amber, Albian.

ENICOCEPHALOMORPHA Stichel, 1955, also known as the
unique-headed bugs, are among the most elusive of all
heteropteran infraorders (Schuh & Weirauch 2020).
All Enicocephalomorpha live in protected and humid
habitats such as leaf litter, under rocks or bark (Wygod-
zinsky & Schmidt 1991). Due to their secretive habits,
Enicocephalomorpha are seldom collected, with c. 430
species known to science, which are subdivided into two
families: the Aenictopecheidae Usinger, 1932 (11 genera,
22 spp.) and the Enicocephalidae Stal, 1860 (42 genera, c.
410 spp.) (Schuh & Weirauch 2020). However, the actual
diversity of the group may double the number of
described taxa, with hundreds of undescribed taxa in col-
lections, and many more awaiting discovery in the field
(Banaf & Davranoglou, pers. obs.) Despite this paucity of
information, Enicocephalomorpha display intriguing
behaviours and morphological adaptations. Many, possi-
bly most, winged Enicocephalomorpha form nuptial

© 2024 The Authors.

swarms of hundreds, perhaps thousands of individuals
(Schuh 1970), and all species appear to have the capacity
to communicate with chemical signals (Davranoglou
et al. 2017). The genus Proboscidopirates Villiers, 1958
may represent one of the few cases of thelytokous Hetero-
ptera (Banaf et al. 2015), while Phallopirates Stys, 1985 is
characterized by needle-like detachable genitalia that may
be involved in traumatic insemination or as mating plugs
(Stys 1985). As for the systematic affinities of Enicocepha-
lomorpha, a sister-group relationship to litter bugs
(Dipsocoromorpha) is supported by both morphological
(Miyamoto 1961) and molecular data (Wang et al. 2016,
2019; Johnson et al. 2018; Weirauch et al. 2019).
However, the internal phylogeny of Enicocephalomorpha
has not been investigated in detail. Regarding the deep-
time origins of unique-headed bugs, phylogenomic
estimates suggest that the common ancestor of the
Enicocephalomorpha-Dipsocoromorpha  clade  lived
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approximately between 262 and 191 Ma (Wang
et al. 2016, 2019; Johnson et al. 2018), although the infra-
order Enicocephalomorpha itself may be considerably
younger, with an origin in the Early Cretaceous (133—
113 Ma) (Wang et al. 2016, 2019). However, these dates
should be treated with caution, given that derived enico-
cephalomorphan fossils are known from 130-myr-old
Lebanese amber (Azar et al. 1999), suggesting that the
infraorder appeared earlier.

Enicocephalomorphans are also highly unusual in the fos-
sil record. In terms of past enicocephalomorphan diversity,
15 fossil species in nine genera have been described (for a
recent review, refer to Luo et al. (2021) and Luo & Xie
(2022)), the oldest one being Enicocephalinus acragrimaldii
Azar et al, 1999 from Lower Cretaceous Lebanese amber
(Azar et al. 1999). Other fossil enicocephalomorphans have
been described from mid-Cretaceous Burmese and Miocene
Dominican ambers, as well as from the lower Eocene London
Clay Formation at Paddy’s Point, Isle of Sheppey (Luo
et al. 2021). It is evident that the remarkable morphological
and temporal disparity in the fossil record of Enicocephalo-
morpha presents challenges for dating the origins of the
infraorder and reconstructing its internal phylogeny, for
mapping the morphological transformations that led to the
unique adaptations found in extant species, and for elucidat-
ing the historical biogeography of the group.

Based on the fossil record of terrestrial vertebrates and
other organisms such as charophytes, it is well known
that the circum-Mediterranean region represented an
area of intermittent organismal interchange between
Gondwana (namely Africa) and Laurasia throughout the
Cretaceous (Gheerbrant & Rage 2006; Martin-Closas &
Wang 2008; Fanti 2012). However, the palacobiogeogra-
phy of other terrestrial organisms represents a largely
untapped resource in that area and elsewhere. Despite the
staggering diversity and disparate dispersal abilities of
insects, their use in palaeobiogeography (particularly at a
more regional scale) has been hampered by the relative
scarcity of localities preserving fossil taxa, which are often
Konservat-Lagerstatten. It is in this context that increased
discovery and study of amber localities can lead to the elu-
cidation of palaeobiogeographical patterns, due to the high
degree of morphological fidelity that characterizes amber
inclusions, resulting in greater taxonomic precision.

Few studies have provided faunistic comparisons from
a biogeographical standpoint using the Cretaceous
palaeoentomological record from Iberia. Peris et al. (2016)
assessed the known composition of coleopteran families
between Spanish (Iberian), Lebanese, Burmese and French
ambers and found a greater similarity between Iberian
(namely Albian) and Lebanese (Barremian) ambers than
between Iberian and either French or Burmese (Cenoma-
nian) ambers, despite the much closer geographical posi-
tion (and age, generally) of the Iberian and French

ambers. Similarly, Alvarez-Parra et al. (2023) compared
psocodean taxa of different ranks among Cretaceous
ambers and found a higher resemblance between Iberian,
Lebanese and Burmese ambers than between Iberian and
French ambers. In contrast, Buscalioni & Poyato-
Ariza (2016) provided palacobiogeographical insights
based on the fossil record (including the entomofauna)
preserved in the finely laminated limestones from Las
Hoyas, of Barremian age, from Cuenca (central Spain).
Some insect groups from Las Hoyas show affinities with
taxa from the Crato Formation, Aptian of Ceara (NE Bra-
zil); the dispersive model for these lineages was hypothe-
sized to be from Eurasia to Gondwana through the
Central Tethyan archipelago (Buscalioni & Poyato-
Ariza 2016). These insect taxa include chrysopoid Neu-
roptera, aeschnidid Odonata and tipulid Diptera (Fleck &
Nel 2003; Nel et al. 2005; Ribeiro & Lukashevich 2014).
In this work, we present the discovery of an enicocepha-
lomorphan from the Arino outcrop in eastern Spain (early
Albian, ¢. 110 Ma), making this the first fossil record of
the infraorder in Iberia, and the second in Europe, repre-
sented only by an Eocene pyritized fossil (Stys 2010). The
new species, Enicocephalinus ibericus, is significant because
it is among the oldest enicocephalomorphans known (sec-
ond to a species described from Lebanese amber) and rep-
resents a remarkable instance of palaeofaunistic and
biogeographical connections between southern Laurasia
and northern Gondwana during the Cretaceous, which we
discuss in detail. To further our understanding on the sys-
tematic affinities of the genus Enicocephalinus, we exam-
ined a suite of modern Enicocephalomorpha using
scanning electron microscopy (SEM) and state-of-the-art
synchrotron x-ray micro-computed tomography.

GEOLOGICAL SETTING

The Arino deposit is located in an open-pit coal mine in
the Arino municipality, Teruel Province, eastern Spain.
The deposit is part of the Oliete Sub-basin of the Maes-
trazgo Basin (Salas & Guimera 1996). Stratigraphically,
the deposit is found in the Escucha Formation, represent-
ing transitional environments that included flood-tidal
deltas (Rodriguez-Lopez et al. 2009). More particularly,
the level that has yielded the amber, AR-1, is composed
of marls rich in organic matter, at times in the form of
coal, and has been dated as early Albian (c. 110 Ma;
Alcald et al. 2012; Tibert et al. 2013; Villanueva-Amadoz
et al. 2015; Alvarez-Parra et al. 2021). This amber is
highly unusual because it is associated with a bonebed
that includes bone concentrations of dinosaurs, crocodiles
and turtles, as well as ostracods, charophytes and abun-
dant palynological content (Alvarez-Parra et al. 2021).
Strictly in situ amber derived from resin produced by
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roots was also reported from this locality preserved in a
‘root level’, overlaid by a ‘litter layer’ containing a high
quantity of aerial amber that had undergone low-grade
transport. The aerial amber of Arino is particularly rich
in bioinclusions compared with other ambers known
worldwide, with 145 bioinclusions per kg of aerial amber
reported (Alvarez—Parra et al. 2021; Alvarez-Parra 2023).

MATERIAL AND METHOD

The amber fragment containing the specimen was prepared
in epoxy resin. The specimen was photographed using an
Axiocam 105 colour digital camera attached to a Disco-
very.V12 Zeiss stereomicroscope and a Zeiss AXIO com-
pound microscope. Serial images were taken using ZenPro
v.2.3 software and stacked with Helicon Focus v6.8.0. SEM
photographs of extant enicocephalomorphans (Aenictope-
cheidae: Lomagostus jeanneli Villiers, 1958; Ulugurocoris
grebennikovi Stys & Banaf, 2013; Enicocephalidae: Probosci-
dopirates rugulosus Banai & Stys, 2015 in Banaf et al. 2015)
were taken with a JEOL JSM-6380 LV at the Laboratory of
Electron Microscopy, Faculty of Science, Charles University,
Prague, Czech Republic. Confocal images of the amber speci-
men were taken with an Olympus FV1000, at a laser wave-
length of 488 nm at the Dunn School of Pathology,
University of Oxford. To visualize the three-dimensional
(3D) mid-tarsal morphology of extant Enicocephalomorpha,
we used synchrotron radiation micro-computed tomography
at the TOMCAT beamline, Swiss Light Source (SLS), Paul
Scherrer Institut, Switzerland, using an ethanol-preserved
male specimen of Cocles sp. (Enicocephalidae). We scanned
the specimen at a beam energy of 15.99 keV, which gave a
final pixel size of 1.625 pm. 3D reconstruction was carried
out using Amira 6.1 software (Mercury Systems). Image
brightness adjustment and labelling were performed in
Adobe Photoshop CS6 (Adobe Systems) and Adobe Illustra-
tor CC/CS6 (Adobe Systems), respectively. All drawings were
generated in Adobe Illustrator CC/CS6.

SYSTEMATIC PALAEONTOLOGY

Order HEMIPTERA Linnaeus, 1758
Suborder HETEROPTERA Latreille, 1810
Infraorder ENICOCEPHALOMORPHA Stichel, 1955
Family INCERTAE SEDIS
Genus Enicocephalinus Azar et al., 1999

Type species. Enicocephalinus acragrimaldii Azar et al. 1999.
Emended diagnosis. Pronotum compact, indistinctly subdivided

into three lobes (i.e. collar, anterior and posterior pronotal
lobes); forewing with long basal cell and a distinct costal fracture

(both not visible in E. ibericus); apicitibial armature simple,
comprising solely one group of sclerotized spine-like setae; all
tarsi one-segmented; fore tarsus with two spiniform setae; para-
meres probably mobile; phallus distinctly visible (genital features
not visible in E. ibericus).

Enicocephalinus ibericus sp. nov.
Figures 1-5
LSID. https://zoobank.org/nomenclaturalActs/9B37B6BD-8FAB-
418C-9296-88F2160A7080

Derivation of name. Named after the Iberian Peninsula, where
the type locality is located.

Holotype. Specimen AR-1-A-2019.55 from Arino amber, housed
at Fundacién Conjunto Paleontolégico de Teruel-Dindpolis,
Teruel, Spain. Largely complete individual (Fig. 1), except for
most of the head beyond the anteocular lobe and part of the
right side of the posterior pronotal lobe, which are missing
(Figs 1-3). Most of the specimen is in poor condition and not
visible due to amber opacity (Fig. 1), with only the right foreleg
(Figs 1, 4A-E), the apical portions of the mid and hind tarsi
(Fig. 5A—C), and the left forewing (Fig. 2) being well preserved.
No syninclusions visible. Dimensions of amber piece 3.8 mm
(width) x 2.4 mm (length) x 1.25 mm (height). The amber
piece was prepared in a prism of epoxy resin.

Differential diagnosis. The new species differs from E. acragri-
maldii in the following features: pronotal lobe 1.3-fold wider
than long (at least 1.5-fold in E. acragrimaldii, based on the
measurable pronotal portion); apicitibial armature consisting of
four thick spiniform setae (seven in E. acragrimaldii); inner pre-
tarsal claw as long as tarsus; apex of hind tibia with two pairs of
spines (three pairs in E. acragrimaldii).

Type locality. Found in the Arino amber-bearing outcrop, Teruel
Province, eastern Spain, dated as early Albian (c. 110 Ma; Alcald
et al. 2012; Tibert et al. 2013; Villanueva-Amadoz et al. 2015;
Alvarez-Parra et al. 2021). The palacoenvironment of the
Arino outcrop has been reconstructed as a subtropical swamp
(Alvarez-Parra et al. 2021).

Description

Structure & vestiture. Probably male, with hemelytra significantly
surpassing abdominal apex (Fig. 1; hemelytra smaller in female
specimens of E. acragrimaldii; Azar et al. 1999). Small and deli-
cate enicocephalomorphan (Fig. 1), inferred body size of
¢. 1.87 mm from level of eyes to abdominal apex, and 2.6 mm
from the former to the wing apex. Body surface smooth, devoid
of distinct microsculpture, covered by dense layer of short,
adpressed setae, including on veins.

Head. Left compound eye large, about as wide as long (Fig. 1),
with many ommatidial facets (Fig. 3A—C); ocelli present (Fig. 2),
positioned on a distinct ocellar lobe (Fig. 3A, B, D), almost
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. Abdomen Setae

FIG. 1. Habitus of the holotype of Enicocephalinus ibericus sp. nov. (Enicocephalomorpha) (AR-1-A-2019.55) from Iberian Lower
Cretaceous Arino amber. A-B, photograph and interpretation of the lateral habitus. C-D, photograph and interpretation of the oppo-

site lateral habitus. Scale bars represent 200 pm.

touching posterior margin of eye; right eye and remaining por-
tion of postocular lobe missing (Fig. 2). Antennae, mouthparts
and other head structures not preserved.

Thorax. Pronotum compact (Fig. 2), c. 1.3-fold wider than long,
subdivided into three indistinct lobes; collum distinctly visible
(Fig. 2); external margin of pronotum slightly concave at mid-
length (Fig. 2B), posterior margin slightly convex; mesoscutel-
lum, acetabula and coxae not visible. Fore femur stout, 4.3-fold
as long as wide, widest in distal third (Figs 1A, 4A-B); fore tibia
fourfold as long as wide, widest at distal apex, with six distinctly
erect and long setae (Figs 1A, 4A-B); apicitibial armature com-
prising four thick spiniform setae (tss), bristle comb (cmb) with
c. 18 spiniform bristles (Figs 1A, 4A-D; sps); fore tarsus clavate,
2.6-fold longer than maximum width, provided with two spini-
form setae (Fig. 4D); fore pretarsal claws asymmetrical, inner
pretarsal claw (ic) about as long as fore tarsus (Fig. 4E); dorsal
surface of fore tarsus with at least one long and erect seta
(Fig. 4B, D; es). Ventral surface of hind tibial apex bearing two
pairs of spines (Fig. 5A-C; spn); mid and hind tarsi one-
segmented, inner pretarsal claw longer than the outer one
(Fig. 5A—C). Venation of hemelytra incomplete, costal fracture
and basal cell not visible, observable forewing veins include R

and M (Fig. 2B); proportions and shape of veins distorted by
folding; hind wing venation reduced, namely consisting of R and
M meeting beyond the wing mid length.

Abdomen. Largely not visible, slender in shape.

Measurements. L = maximum length, W = maximum width.
Eye W = 0.06 mm, L = 0.06 mm. Pronotum L = 0.26 mm,
W = 0.34 mm. Forewing L = 1.9 mm. Right foreleg: femur
L =0.65 mm, W = 0.15 mm; tibia L = 0.56 mm, W = 0.14 mm;
tarsus L = 0.12 mm, W = 0.05 mm. Hind tibia L = 0.77 mm.
Hind tarsus L = 0.3 mm. Abdomen L = 1.2 mm, W = 0.2 mm.

DISCUSSION
The systematic position of Enicocephalinus

The following diagnostic characters of the previously
described species E. acragrimaldii are visible in the new
enicocephalomorphan: compact pronotum with indistinct
anterior and posterior lobes (Fig. 2), simplified apicitibial
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FIG. 2. Dorsal view of the holotype of Enicocephalinus ibericus sp. nov. (Enicocephalomorpha) (AR-1-A-2019.55). A, photomicro-
graph, with inset showing pronotal outline. B, interpretation; hind wing shown in blue. The double asterisks (**) mark strong wing
folding. Abbreviations: ce, compound eye; cl, collum; clf, claval fracture; M, media vein; ocl, ocelli; ppl, posterior pronotal lobe; R,
radius vein; Rs, radius sector vein; r-m, radiomedial cross-vein. Scale bars represent 100 pm.

armature consisting only of a few spines (tss; Figs 1A,
4A-D), and all tarsi one-segmented (Figs 4, 5) (Azar
et al. 1999). These authors also considered the two spines
on the ventral surface of the fore tarsus of E. acragrimal-
dii to be distinctive, ‘instead of four as in all known New
World Enicocephalidae except Brevidorsus’; given that
this condition is also present in the new species (Fig. 4D),
this character has been added to the diagnosis of

Enicocephalinus. Although some important features are
not visible in the new species (external male genitalia,
large parts of wing venation, head), we are confident that
the above features are distinctive enough to conform with
the diagnosis of the morphologically aberrant unique-
headed bug of the genus Enicocephalinus.

Enicocephalinus ibericus differs from the type species in
the proportions of the pronotum, the smaller number of

85UB017 SUOWIWIOD @A [Fe.D) 8|l idde 8y} Aq peunob 88 s3joe VO ‘88N JO SN 1o} Afeiq 1 8UIIUO AB|IM UO (SUORIPUOD-pU-SWBYLIOD A8 | 1M ARe.q)1BUI UO//SA1Y) SUORIPUOD pUe SWwie L 84} 83S *[7202/70/50] uo Areiqiauliuo AB|IMm 8L Aq 0SST 2dds/200T 0T/I0p/wi0d A8 Aeiq1auljuo//sdny wouy papeojumoq ‘g %202 ‘20829502



6 PAPERS IN PALAEONTOLOGY

Ocellus

Ocellar lobe

Ocellar lobe

FIG. 3. Detailed head morphology of the holotype of Enicocephalinus ibericus sp. nov. (Enicocephalomorpha) (AR-1-A-2019.55). A-B,
photomicrograph and interpretation of frontal oblique view of head. C-D, head imaged with confocal laser scanning microscopy focus-
ing on: C, the compound eye and the internal morphology of the head capsule; D, the ocellar lobe. Scale bars represent 100 pm.

thick spiniform setae on the fore tibial armature (Figs 1A,
4A-D), and the presence of only two pairs of spines in the
hind tibial apex (Fig. 5A—C). Both the tarsus and the pre-
tarsal claw from the prothoracic leg appear to be more
elongated in E. ibericus than in E. acragrimaldii (with pro-
tarsus about threefold longer than broad at base and with
propretarsal claw about sixfold longer than broad at base),
although measurements of these structures were not pro-
vided for the described specimens assigned to the latter
species (Grimaldi et al. 1993; Azar et al. 1999) and, thus,
we have refrained from including these characters in the
diagnosis of the new species. In any case, we should note
that the intraspecies variation of the abovementioned char-
acters in Enicocephalomorpha has not been quantified, nor
were they studied in the original description of
E. acragrimaldii, despite more than 70 specimens being
available for study (Azar et al. 1999). Lebanese amber has
been dated as Barremian, most probably early Barremian
(c. 130 Ma) (Maksoud et al. 2017), rendering E. ibericus
roughly up to 20 myr younger than the type species, sug-
gesting remarkable morphological conservatism over that

time. Given the geographical distance (Fig. 6) and the
chronological gap between the two species, our identifica-
tion of E. ibericus as a new taxon is further justified.

A cladistic analysis based on 14 characters recovered
Enicocephalinus as the sister-group to Enicocephalinae
(Enicocephalidae) (Azar et al. 1999). Recently, Luo &
Xie (2022) suggested that Enicocephalinus should be
moved to Aenictopecheidae based on the following char-
acters: (1) compact pronotum; (2) forewing with short
costal fracture; (3) ventral margin of mid and hind tibia
with pairs of spines; and (4) pygophore and phallus well
developed, mobile. We note that pairs of spines in the
mid and hind tibia are common in Enicocephalidae
(Fig. 5D), while the modified genitalia that define Enico-
cephalidae clearly represent a derived condition, which
might have not evolved yet in possible now extinct sister-
group taxa such as Enicocephalinus. Furthermore, the
slender forelegs of Enicocephalinus are nearly identical to
those of extant Enicocephalidae (Fig. 4G), and strongly
dissimilar to the extremely stout fore femora of Aenicto-
pecheidae (Fig. 4F). Asymmetric fore pretarsal claws
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characterize both families (Fig. 4H), while a departure
from the general two-segmented tarsus on the mid and
hind tibia (Fig. 5D) is developmentally malleable (espe-
cially in paedomorphic or brachypterous taxa; Wygod-
zinsky & Schmidt 1991; Davranoglou 2014), and therefore
likely to be homoplastic. Until a more comprehensive
phylogenetic analysis becomes available, we prefer to treat
Enicocephalinus as Enicocephalomorpha incertae sedis.

As the oldest enicocephalomorphans, species classified
in the genus Enicocephalinus are of considerable system-
atic significance. Phylogenomic estimates recover Enicoce-
phalomorpha as having evolved in 130 Ma (Wang
et al. 2016, 2019), which is highly unlikely because Enico-
cephalinus is dated to the same time interval and pos-
sesses all derived traits of Enicocephalomorpha, which are
likely to have evolved much earlier. The temporal origins
of Enicocephalomorpha therefore remain an open
question.

Palaeoecological insights and biogeographical implications

The discovery of E. ibericus in Iberian amber is remark-
able due to the scarcity of enicocephalomorphans in the
fossil record. Indeed, c. 4000 inclusions in Iberian ambers
have been identified in more than 25 years of study,
yielding only the single enicocephalomorphan reported
herein. Given that extant enicocephalomorphans are char-
acterized by cryptic habits such as living in leaf litter,
under stones, and in decaying bark (Wygodzinsky &
Schmidt 1991), if their Cretaceous relatives had a similar
ecology, that would have significantly decreased the
chances of fossilization, at least that in resin, consistent
with actuotaphonomic studies that have demonstrated a
clear entrapment bias of different groups of arthropods in
modern resins (Sol6rzano Kraemer et al. 2018).

The finding of more than 70 enicocephalomorphan
individuals from the amber locality of Hammana/Mdeyrij
in Lebanon is exceptional, and might be related to the
behaviour of forming mating swarms (Schuh 1970),
although no data on syninclusions were reported; in other
Lebanese amber localities, E. acragrimaldii was noted as
being quite rare (Azar et al. 1999). The climate in both
Arino and the Lebanese outcrops has been described as
warm  subtropical (Azar et al. 2003; Alvarez-Parra
et al. 2021), a climate preference maintained by a large
number of extant Enicocephalomorpha (Stys 2008; Schuh
& Weirauch 2020).

Aside from Enicocephalinus, 19 other insect lineages
comprise congeneric species that have been found in both
Iberian and Lebanese ambers, half of which are exclu-
sively present in these two localities (Table 1). These
include Diptera, Hymenoptera, Coleoptera, Psocodea,
Thysanoptera, and now Hemiptera (Table 1). This

geographical pattern also applies to an archaeognathan
genus (A. Sanchez-Garcia, pers. comm. 2023) and Eophle-
botomus (Diptera, Psychodidae), both of which are cur-
rently unpublished and have therefore been excluded
from Table 1. Despite Lebanese and Iberian ambers being
separated by a significant temporal gap of up to 20—
25 myr, our findings strongly support closer biogeograph-
ical connections than currently recognized between south-
ern Laurasia and northern Gondwana during the
Barremian—Albian based on the Cretaceous palacoento-
mological record (Buscalioni & Poyato-Ariza 2016; Peris
et al. 2016; Alvarez-Parra et al. 2023).

The palacoentomological pattern described herein fur-
ther corroborates previously characterized connections of
the Iberian vertebrate fauna with both Laurasia and
Gondwana during the Cretaceous, which are especially
pronounced in dinosaurs (Canudo et al. 2009; Torices
et al. 2012). Similar patterns have also been described by
palaeobotanical studies that identified a primarily Laura-
sian affinity for the Early Cretaceous Iberian flora, albeit
with the presence of northern Gondwanan influences
(e.g. Garcia Esteban et al. 2006; Mohr et al. 2006;
Villanueva-Amadoz et al. 2010; Mendes et al. 2022;
Barrén et al. 2023). Although Iberia was the closest conti-
nental mass to Gondwana during the beginning of the
Cretaceous (Fig. 6; Ziegler 1988; Dercourt et al. 2000;
Scotese 2021) and was once assumed as the point at
which an intermittent land connection between Gond-
wana and Laurasia was established (Galton 1977; Sereno
et al. 1994), abundant geological data have shown the
development of a deep pelagic furrow between southern
Iberia and northwestern Africa during that time (e.g. Der-
court ef al. 2000; Scotese 2021). Therefore, evidence for
intercontinental bridges in that region is currently lacking.

Conversely, the currently favoured interpretation pos-
tulates a direct trans-Tethyan biogeographical connection
between Laurasia and Gondwana through the establish-
ment of land ‘bridges’ in the peri-Adriatic (including the
Apulian) region. This hypothesis is supported by struc-
tural, sedimentological, stratigraphic and palaeontological
evidence, including the presence of dinosaur footprints
(Bosellini 2002; Gheerbrant & Rage 2006; Petti et al. 2020;
Randazzo et al. 2021). These data indicate that such a
bridge was composed of carbonate platforms exposed due
to sealevel changes during the Early to mid-Cretaceous,
and that the bridge gradually fragmented during the Late
Cretaceous (Randazzo et al. 2021). Given that the dis-
persal ability of extant enicocephalomorphans is consid-
ered low due to the concealed habitats they typically
inhabit (Wygodzinsky & Schmidt 1991), it is likely that
the Enicocephalinus lineage may have utilized the peri-
Adriatic land bridge to colonize northern Gondwana and
southern Laurasia; at least across a time interval of
20-25 Ma.
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8 PAPERS IN PALAEONTOLOGY

Overall, the insights presented herein represent a first
step towards understanding the palaecobiogeographic pro-
cesses that shaped the Iberian Cretaceous entomofauna.
The sampling of additional localities and palaeoclimatic—

palaeobiogeographic analyses are likely to elucidate
whether the Early Cretaceous entomological assemblages
of Iberia and the southern Cretaceous European archipel-
ago can be understood as having an endemic ‘core’ that
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DAVRANOGLOU ET AL.: FIRST UNIQUE-HEADED BUG FROM IBERIA 9

FIG. 4. Foreleg morphology of the holotype of Enicocephalinus ibericus sp. nov. (Enicocephalomorpha) (AR-1-A-2019.55) (A-E) and
selected extant Enicocephalomorpha (F-H). A-B, photomicrograph and interpretation of right foreleg. C, apex of right fore tibia and
tarsus, imaged with confocal laser scanning microscopy. D, photomicrograph of the same area with emphasis on tibial structure and
armature; enlargement shows tarsal outline and spines. E, left fore tarsus, photomicrograph. F, SEM image of left foreleg of Lomagostus
jeanneli Villiers, 1958 (Aenictopecheidae). G, SEM image of left foreleg of Proboscidopirates rugulosus Bafat & Stys, 2015 in Bafaf

et al. (2015) (Enicocephalidae). H, false-colour SEM image of fore tarsus of Ulugurocoris grebennikovi Stys & Banaf, 2013 (Aenictope-
cheidae), highlighting the asymmetric pretarsal claws. Abbreviations: cmb, bristle comb; es, erect setae; ffem, fore femur; fta, fore tarsus;
fti, fore tibia; ic, inner pretarsal claw; oc, outer pretarsal claw; sps, spiniform bristles; tss, thick spiniform setae. Scale bars represent:
100 pm (A, B, D enlargement); 50 pm (C, D, E); 200 pm (F, G); 20 um (H).

spn

/
hta

FIG. 5. Mid and hind legs of Enicocephalinus ibericus sp. nov. (AR-1-A-2019.55) and a selected extant enicocephalid (Cocles sp.). A—C,
photomicrograph, close-up and interpretation of the hind tarsus. D, 3D volumetric reconstruction of synchrotron x-ray micro-
computed tomography images of Cocles sp. mid tibia (https://doi.org/10.17602/M2/M599154). Abbreviations: hta, hind tarsus; hti, hind
tibia; ic, inner pretarsal claw; oc, outer pretarsal claw; mta, mid tarsus; mti, mid tibia; spn, spine. Scale bars represent: 100 um (A—C);
250 pm (D).

was supplemented by immigration waves as posited based record, we show that it has the potential to further eluci-

on the vertebrate and botanical fossil record (Csiki-Sava
et al. 2015), or whether the entomofaunal biogeographic
dynamics followed a different pattern, perhaps influenced
by the dispersal capacity of different cohorts of insects
that exploited currents, both oceanic or wind-based, or
vertebrate hosts (Osborne et al. 2002; Gillespie et al.
2012). Although the use of palacoentomology in regional
palaeobiogeographic studies is still scant due to the more
limited nature of its geographical and stratigraphic

date the influence of vicariance, extinction and dispersal
on the palaeobiogeographical dynamics between Laurasia
and Gondwana during the Cretaceous.

CONCLUSION

Here we describe Enicocephalinus ibericus from the Arino
outcrop in eastern Spain (c. 110 Ma), rendering the new
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FIG. 6. Cretaceous distribution of described Enicocephalomorpha (Hemiptera, Heteroptera). The palacogeographical map (redrawn
from Scotese 2021) corresponds to the middle Albian (105 Ma). Occurrences: 1, Lebanese amber (Hammana/Mdeyrij locality; early
Barremian, ¢. 130 Ma), Enicocephalinus acragrimaldii (Azar et al. 1999); 2, Iberian amber (Arino locality, early Albian, c. 110 Ma), Eni-
cocephalinus ibericus sp. nov. (AR-1-A-2019.55); 3, Burmese (Kachin) amber (early Cenomanian, 99 Ma), Allocephalocoris zhengi (Luo
et al. 2021), Cretocephalus stysi (Luo & Xie 2022), Disphaerocephalus constrictus (Cockerell 1917), D. swinhoei (Cockerell 1917),

D. macropterus (Cockerell 1917), Paenicotechys fossilis (Cockerell 1916).

TABLE 1. Shared insect taxa at the genus level between Iberian and Lebanese ambers.

Taxa (genus) Family Order References

Archaeotropos ‘tEmpheriidae Psocodea Baz & Ortuno 2000; Azar & Nel 2004

Archiaustroconops ~ Ceratopogonidae Diptera Szadziewski 1996; Szadziewski & Arillo 1998; Borkent 2000; Pérez-de la Fuente
et al. 2011; Choufani et al. 2015a

Austroconops Ceratopogonidae Diptera Szadziewski 1996; Borkent 2000; Pérez-de la Fuente et al. 2011

Chimeromyia FChimeromyiidae Diptera Grimaldi & Cumming 1999; Grimaldi et al. 2009

Cretaceomma tGallorommatidae ~ Hymenoptera  Ortega-Blanco et al. 2011a; Rasnitsyn et al. 2022

Cretevania Evaniidae Hymenoptera  Deans et al. 2004; Penalver et al. 2010; Pérez-de la Fuente et al. 2012

Enicocephalinus Incertae sedis Hemiptera Azar et al. 1999; this paper

Gerontodacus Ceratopogonidae Diptera Szadziewski 1996; Szadziewski & Arillo 1998; Borkent 2000; Pérez-de la Fuente
et al. 2011; Choufani et al. 2015a; Borkent & Dominiak 2020

Gonomyia Limoniidae Diptera Kania et al. 2015; Kania-Klosok et al. 2022

Helius Limoniidae Diptera Kania et al. 2013, 2016, 2017; Krzeminski et al. 2014; Kania-Klosok et al. 2021

Lebanoculicoides ~ Ceratopogonidae Diptera Szadziewski 1996; Pérez-de la Fuente et al. 2011; Choufani et al. 2015a, 2015b

Leptoconops Ceratopogonidae Diptera Borkent 2001; Szadziewski & Arillo 2003; Azar et al. 2010

Libanoglaris tEmpheriidae Psocodea Perrichot et al. 2003; Azar & Nel 2004; Alvarez-Parra et al. 2022

Libanophron tStigmaphronidae Hymenoptera  Engel & Grimaldi 2009; Ortega-Blanco et al. 2011b

Microphorites Dolichopodidae Diptera Hennig 1971; Grimaldi & Cumming 1999; Arillo et al. 2008

Microserphites tSerphitidae Hymenoptera ~ Kozlov & Rasnitsyn 1979; Ortega-Blanco et al. 2011c; Rasnitsyn et al. 2022

Mpymaropsis tSpathiopterygidae = Hymenoptera  Engel et al. 2013; Krogmann et al. 2016

Prosolierius Staphylinidae Coleoptera Thayer et al. 2012; Peris et al. 2014

Rhizophtoma Monotomidae Coleoptera Kirejtshuk et al. 2009; Kirejtshuk & Azar 2013; Peris & Delclos 2015

Tethysthrips Thripidae Thysanoptera  Nel et al. 2010

Taxa exclusively described from the two ambers considered herein are shown in bold.
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species as the second oldest fossil enicocephalomorphan
known to date, after a previously described congener dat-
ing to c¢. 130 Ma. The new species adds to further evi-
dence that Enicocephalomorpha were already diverse
during the Early Cretaceous, indicating that current mol-
ecular divergence estimates that have recovered an origin
for the infraorder at 130 Ma may need to be
reconsidered.

By comparing its morphology with that of other fossil
and extant Enicocephalomorpha, we suggest that the
genus Enicocephalinus, recently ascribed to Aenictopechei-
dae, possesses traits more similar to Enicocephalidae, in
agreement with a previous cladistic study (Azar
et al. 1999). Given that the internal phylogeny of Enicoce-
phalomorpha is poorly resolved, we recommend placing
the genus Enicocephalinus as incertae sedis within the
infraorder.

The discovery of Enicocephalinus in Iberian and Leba-
nese ambers, together with newly presented evidence for
19 other insect lineages that are shared in both locations,
indicates the existence of biogeographical connections
between Laurasia and Gondwana during the Barremian—
Albian. This finding is in agreement with the trans-
Tethyan bridge hypothesis, which suggests that faunal
movements between Laurasia and Gondwana may have
utilized land bridges in the peri-Adriatic region. Our
study showcases the importance of Cretaceous entomo-
fauna for disentangling the intricacies of animal dispersal
on Laurasia-Gondwana, thereby opening up exciting
research avenues in the field of palaeobiogeography.

Acknowledgements. L-RD acknowledges the Leverhulme Trust
Early Career Fellowship grant (ECF-2021-199) for funding this
research. The authors are grateful to Sergio Alvarez-Parra for
directing excavations in Arifo, and for preparing and databasing
the amber inclusions. We are grateful for the collaboration of
the SAMCA Group and Fundacién Conjunto Paleontoldgico de
Teruel-Dinédpolis during fieldwork at Arino, and for the support
of the Direccién General de Patrimonio Cultural del Gobierno
de Aragén (Spain) in granting the excavation permit 201/10
2019. L-RD thanks Xavier Delclos for facilitating the study of
the examined material while it was deposited at the University
of Barcelona. We acknowledge the Paul Scherrer Institut, Villi-
gen, Switzerland for provision of synchrotron beam time at the
TOMCAT beamline X02DA of the SLS. This work is a contribu-
tion to the project PID2022-137316NB funded by the
10.13039/501100011033 — Agencia Estatal de Investigacién and
the European Regional Development Fund (ERDF/FEDER)
scheme. Two anonymous referees commented on an earlier draft
of this manuscript.

Author  contributions. Conceptualization L-R  Davranoglou
(LRD); Data Curation LRD; Formal Analysis LRD; Funding
Acquisition LRD, E Penalver (EP), R Pérez-de la Fuente (RPF);
Investigation LRD, P Banaf (PB), RPF; Methodology LRD, PB,
RPF; Project Administration LRD; Resources LRD, EP,

PB, RPF; Visualization LRD, PB, RPF; Writing — Original Draft
Preparation LRD, RPF; Writing — Review & Editing LRD, EP,
PB, RPE.

DATA ARCHIVING STATEMENT

The tomographic dataset of the extant enicocephalomor-
phan (Cocles sp.) that was used in this work is part of an
ongoing study (led by LRD and PB) and is archived in
MorphoSource  (https://doi.org/10.17602/M2/M599154)
and available upon request. This published work and
the nomenclatural act it contains, have been registered
in ZooBank: https://zoobank.org/References/520BFD8C-
AC2A-43B7-BOE0-72B62CBB0078

Editor. Conrad Labandeira

REFERENCES

Alcald, L., Espilez, E., Mampel, L., Kirkland, J. I, Ortiga, M.,
Rubio, D., Gonzilez, A., Ayala, D., Cobos, A., Royo-Torres,
R., Gasco, F. and Pesquero, M. D. 2012. A new Lower Creta-
ceous vertebrate bonebed near Arino (Teruel, Aragén, Spain);
found and managed in a joint collaboration between a mining
company and a palaeontological park. Geoheritage, 4, 275-286.

Alvarez-Parra, S. 2023. Yacimientos de dmbar de Cretécico de la
Cuenca del Maestrazgo: tafonomia, bioinclusiones y
paleoecologia. PhD thesis, Universitat de Barcelona, Spain,
522 pp.

Alvarez—Parra, S., Pérez-de la Fuente, R., Penalver, E., Barrdn,
E., Alcald, L., Pérez-Cano, J., Martin-Closas, C., Trabelsi, K.,
Meléndez, N., Lépez Del Valle, R., Lozano, R. P., Peris, D.,
Rodrigo, A., Sarto I Monteys, V., Bueno-Cebollada, C. A,
Menor-Salvian, C., Philippe, M., Sianchez-Garcia, A., Pefia-
Kairath, C., Arillo, A., Espilez, E., Mampel, L. and Delclos, X.
2021. Dinosaur bonebed amber from an original swamp forest
soil. eLife, 10, €72477.

Alvarez-Parra, S., Penalver, E., Nel, A. and Delclds, X. 2022.
New barklice (Psocodea, Trogiomorpha) from Lower Creta-
ceous Spanish amber. Papers in Palaeontology, 8 (3), e1436.

Alvarez-Parra, S., Penalver, E., Nel, A. and Delclds, X. 2023.
Barklice (Insecta: Psocodea) from Early Cretaceous resinifer-
ous forests of Iberia (Spanish amber): new Troctomorpha and
a possible Psocomorpha. Cretaceous Research, 148, 105544.

Arillo, A., Penalver, E. and Delclos, X. 2008. Microphorites (Dip-
tera: Dolichopodidae) from the Lower Cretaceous amber of
San Just (Spain), and the co-occurrence of two ceratopogonid
species in Spanish amber deposits. Zootaxa, 1920, 29-40.

Azar, D. and Nel, A. 2004. Four new Psocoptera from Lebanese
amber (Insecta: Psocomorpha: Trogiomorpha). Annales de la
Société Entomologique de France, 40, 185-192.

Azar, D., Fleck, G., Nel, A. and Solignac, M. 1999. A new enico-
cephalid bug, Enicocephalinus acragrimaldii gen. nov., sp. nov.,
from the Lower Cretaceous amber of Lebanon (Insecta,
Heteroptera, Enicocephalidae). Estudios del Museo de Ciencias
Naturales de Alava, 14 (spec. num), 217-230.

85U8017 SUOWWIOD 9AIEa1D) a|qeal|dde ay) Ag peuseob ale seoie O ‘SN JO S9|n. 1o ArIqIT BUIIUO AB[IA UO (SUONIPUOI-PUR-SWLB)/LL0D A8 1M Aleld Ul uo//Sdny) SUONIPUOD pue swie | 8 89S *[202/70/50] uo Akeigiauluo Ae|im 891 Aq 0SST 2dds/Z00T 0T/10p/Wod" A3 | 1mAtelq 1 puluo//sdy wo.j pepeoiumod ‘Z ‘1202 ‘20829502


https://doi.org/10.17602/M2/M599154
https://zoobank.org/References/520BFD8C-AC2A-43B7-B0E0-72B62CBB0078
https://zoobank.org/References/520BFD8C-AC2A-43B7-B0E0-72B62CBB0078

12 PAPERS IN PALAEONTOLOGY

Azar, D., Fleck, G., Nel, A. and Geze, R. 2003. Use of Lebanese
amber inclusions in paleoenvironmental reconstruction, dating
and paleobiogeography. Acta Zoologica Cracoviensia, 46, 393—
398.

Azar, D., Geze, R. and Acra, F. 2010. Lebanese Amber. 271-298.
In Penney, D. (ed.) Biodiversity of fossils in amber from the
major world deposits. Siri Scientific Press, 303 pp.

Banaf, P., Stys, P., Rahanitriniana, S. L. and Rabotoson, M. E.
2015. Two new species of Proboscidopirates (Hemiptera:
Heteroptera: Enicocephalidae) from Madagascar with a list of
the species. Zootaxa, 3905, 407—417.

Barrdn, E., Peyrot, D., Bueno-Cebollada, C. A., Kvacek, J., A-
lvarez-Parra, S., Altolaguirre, Y. and Meléndez, N. 2023. Bio-
diversity of ecosystems in an arid setting: the late Albian plant
communities and associated biota from eastern Iberia. PLoS
One, 18 (3), €0282178.

Baz, A. and Ortuno, V. M. 2000. Archaeatropidae, a new family
of Psocoptera from the Cretaceous amber of Alava, Northern
Spain. Annals of the Entomological Society of America, 93, 367—
373.

Borkent, A. 2000. Biting midges (Ceratopogonidae: Diptera)
from Lower Cretaceous Lebanese amber with a discussion of
the diversity and patterns found in other ambers. 355-451. In
Grimaldi, D. (ed.) Studies on fossils in amber, with particular
reference to the Cretaceous of New Jersey. Backhuys Publishers,
498 pp.

Borkent, A. 2001. Leptoconops (Diptera: Ceratopogonidae) the
earliest extant lineage of biting midge, discovered in 120-122
million-year-old Lebanese amber. American Museum Novitates,
3328, 1-11.

Borkent, A. and Dominiak, P. 2020. Catalog of the biting midges
of the World (Diptera: Ceratopogonidae). Zootaxa, 4787, 1-377.

Bosellini, A. 2002. Dinosaurs “re-write” the geodynamics of the
eastern Mediterranean and the paleogeography of the Apulia
Platform. Earth-Science Reviews, 59, 211-234.

Buscalioni, A. D. and Poyato-Ariza, F. J. 2016. Las Hoyas: a
unique Cretaceous ecosystem. 51—63. In Khosla, A. and Lucas,
S. G. (eds) Cretaceous period: Biotic diversity and biogeography.
New Mexico Museum of Natural History & Science Bulletin,
71.

Canudo, J. I, Barco, J. L., Pereda-Suberbiola, X., Ruiz-Ome-
naca, J. I, Salgado, L., Torcida Fernandez-Baldor, F. and
Gasulla, J. M. 2009. What Iberian dinosaurs reveal about the
bridge said to exist between Gondwana and Laurasia in
the Early Cretaceous. Bulletin de la Sociétée Géologique de
France, 180, 5-11.

Choufani, J., Azar, D. and Nel, A. 2015a. New biting midges
from the Cretaceous amber of Lebanon (Diptera: Ceratopogo-
nidae). Annales de la Société Entomologique de France, 50,
272-285.

Choufani, J., El-Halabi, W., Azar, D. and Nel, A. 2015b. First
fossil insect from lower Cretaceous Lebanese amber in Syria
(Diptera: Ceratopogonidae). Cretaceous Research, 54, 106—116.

Cockerell, T. D. A. 1916. Insects in Burmese amber. American
Journal of Science, Fourth Series, 42, 135-138.

Cockerell, T. D. A. 1917. Arthropods in Burmese amber. Ameri-
can Journal of Science, Fourth Series, 44, 360-368.

Csiki-Sava, Z., Buffetaut, E., ési, A., Pereda-Suberbiola, X. and
Brusatte, S. L. 2015. Island life in the Cretaceous: faunal
composition, biogeography, evolution, and extinction of land-
living vertebrates on the Late Cretaceous European archipel-
ago. ZooKeys, 469, 1-116.

Davranoglou, L.-R. 2014. A new micropterous species of Physo-
deres from the Fiji (Heteroptera: Reduviidae: Physoderinae).
Zootaxa, 3838, 233-241.

Davranoglou, L.-R., Banaf, P., Schlepiitz, C. M., Mortimer, B.
and Taylor, G. K. 2017. The pregenital abdomen of Enicoce-
phalomorpha and morphological evidence for different modes
of communication at the dawn of heteropteran evolution.
Arthropod Structure & Development, 46, 843—868.

Deans, A. R., Basibuyuk, H. H., Azar, D. and Nel, A. 2004.
Descriptions of two new Early Cretaceous (Hauterivian)
ensign wasp genera (Hymenoptera: Evaniidae) from Lebanese
amber. Cretaceous Research, 25, 509-516.

Dercourt, J., Gaetani, M., Vrielynck, B., Barriere, E., Biju-Duval,
B., Brunet, M. F., Cadet, J. P., Crasquin, S. and Sandulescu,
M. E. 2000. Atlas Peri-Tethys, Palacogeographical Maps.
CCGM/CGMW, 269 pp., 24 maps.

Engel, M. S. and Grimaldi, D. A. 2009. Diversity and phylogeny
of the Mesozoic wasp family Stigmaphronidae (Hymenoptera:
Ceraphronoidea). Denisia, 26, 53—68.

Engel, M. S., Ortega-Blanco, J., Soriano, C., Grimaldi, D. A. and
Delclos, X. 2013. A new lineage of enigmatic diaprioid wasps
in Cretaceous amber (Hymenoptera: Diaprioidea). American
Museum Novitates, 2013 (3771), 1-23.

Fanti, F. 2012. Cretaceous continental bridges, insularity, and
vicariance in the southern hemisphere: which route did dino-
saurs take? 883-911. In Talent, J. A. (ed.) Earth and life:
Global biodiversity, extinction intervals and biogeographic per-
turbations through time. Springer.

Fleck, G. and Nel, A. 2003. Revision of the Mesozoic family Aesch-
nidiidae (Odonata: Anisoptera). Schweizerbart’sche. Zoologica,
153, 172 pp.

Galton, P. M. 1977. The ornithopod dinosaur Dryosaurus and a
Laurasia—Gondwanaland connection in the Upper Jurassic.
Nature, 268, 230-232.

Garcia Esteban, L., de PALACIOS, P., Philippe, M., Guindeo, A.
and Ferndndez, F. G. 2006. New xylological data and the bio-
geography of the Iberian Peninsula during the Early Creta-
ceous. Geobios, 39, 805-816.

Gheerbrant, E. and Rage, J. C. 2006. Paleobiogeography of
Africa: how distinct from Gondwana and Laurasia? Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 241, 224-246.

Gillespie, R. G., Baldwin, B. G., Waters, J. M., Fraser, C. 1,
Nikula, R. and Roderick, G. K. 2012. Long-distance dispersal:
a framework for hypothesis testing. Trends in Ecology ¢ Evolu-
tion, 27, 47-56.

Grimaldi, D. A. and Cumming, J. M. 1999. Brachyceran Diptera
in Cretaceous ambers and Mesozoic diversification of the Ere-
moneura. Bulletin of the American Museum of Natural History,
239, 1-124.

Grimaldi, D. A., Michalski, C. and Schmidt, K. 1993. Amber fos-
sil Enicocephalidae (Heteroptera) from the Lower Cretaceous
of Lebanon and Oligo-Miocene of the Dominican Republic:

85U8017 SUOWWIOD 9AIEa1D) a|qeal|dde ay) Ag peuseob ale seoie O ‘SN JO S9|n. 1o ArIqIT BUIIUO AB[IA UO (SUONIPUOI-PUR-SWLB)/LL0D A8 1M Aleld Ul uo//Sdny) SUONIPUOD pue swie | 8 89S *[202/70/50] uo Akeigiauluo Ae|im 891 Aq 0SST 2dds/Z00T 0T/10p/Wod" A3 | 1mAtelq 1 puluo//sdy wo.j pepeoiumod ‘Z ‘1202 ‘20829502



DAVRANOGLOU ET AL.: FIRST UNIQUE-HEADED BUG FROM IBERIA 13

with biogeographic analysis of Enicocephalus. American
Museum Novitates, 3071, 1-30.

Grimaldi, D. A., Cumming, J. M. and Arillo, A. 2009. Chimero-
myiidae, a new family of eremoneuran Diptera from the Cre-
taceous. Zootaxa, 2078, 34-54.

Hennig, W. 1971. Insektfossilien aus der unteren Kreide. IIL
Empidiformia (“Microphorinae”) aus der untern Kreide und
aus dem Baltischen Bernstein; ein Vertreter der Cyclorrapha
aus der unteren Kreide. Stuttgarter Beitrage zur Naturkunde,
232, 1-28.

Johnson, K. P., Dietrich, C. H., Friedrich, F., Beutel, R. G., Wip-
fler, B., Peters, R. S., Allen, J. M., Petersen, M., Donath, A.,
Walden, K. K. O., Kozlov, A. M., Podsiadlowski, L., Mayer,
C., Meusemann, K., Vasilikopoulos, A., Waterhouse, R. M.,
Cameron, S. L., Weirauch, C., Swanson, D. R., Percy, D. M,,
Hardy, N. B., Terry, L, Liu, S., Zhou, X., Misof, B., Robertson,
H. M. and Yoshizawa, K. 2018. Phylogenomics and the evolu-
tion of hemipteroid insects. Proceedings of the National Acad-
emy of Sciences, 115, 12775-12780.

Kania, L., Krzeminski, W. and Azar, D. 2013. The oldest repre-
sentative of Helius Lepeletier & Serville, 1828 (Diptera: Limo-
niidae) from Lebanese amber (Early Cretaceous). Insect
Systematics ¢ Evolution, 44, 231-238.

Kania, I., Krzeminiski, W. and Krzeminska, E. 2015. The oldest
representative of the genus Gonomyia (Diptera, Limoniidae)
from Lebanese amber (Lower Cretaceous): new subgenus and
species. Cretaceous Research, 52, 516-521.

Kania, 1., Krzeminski, W. and Arillo, A. 2016. First representa-
tive of the genus Helius Lepeletier and Serville, 1828 (Diptera,
Limoniidae) from the Lower Cretaceous Alava amber (Spain).
Cretaceous Research, 63, 33-38.

Kania, I., Krzeminski, W. and Arillo, A. 2017. A new peculiar
species of the genus Helius Lepeletier & Serville, 1828 (Dip-
tera, Limoniidae) from Cretaceous Alava amber (Spain). Earth
& Environmental Science Transactions of the Royal Society of
Edinburgh, 107, 231-237.

Kania-Klosok, I., Krzemiriski, W. and Arillo, A. 2021. Two new
long-rostrum cranefly species from the Cretaceous Iberian
amber (Diptera, Limoniidae, Helius). Scientific Reports, 11,
12851.

Kania-Ktosok, I., Arillo, A., Tuchowski, M., Zhang, Q. and
Krzeminiski, W. 2022. Early stage of evolution of Gonomyia
(Diptera: Limoniidae), new significant discoveries in the Cre-
taceous Iberian and Kachin amber. Scientific Reports, 12,
21118.

Kirejtshuk, A. G. and Azar, D. 2013. Current knowledge of Cole-
optera (Insecta) from the Lower Cretaceous Lebanese amber
and taxonomical notes for some Mesozoic groups. Terrestrial
Arthropod Reviews, 6, 103—134.

Kirejtshuk, A. G., Azar, D., Tafforeau, P., Boistel, R. and Fernan-
dez, V. 2009. New beetles of Polyphaga (Coleoptera, Poly-
phaga) from Lower Cretaceous Lebanese amber. Denisia, 26,
119-130.

Kozlov, M. A. and Rasnitsyn, A. P. 1979. On the limits of the
family Serphitidae (Hymenoptera, Proctotrupoidea). Entomo-
logicheskoe Obozrenie, 58, 402—416. [in Russian]

Krogmann, L., Azar, D., Rajaei, H. and Nel, A. 2016. Mymaropsis
baabdaensis sp. n. from Lower Cretaceous Lebanese amber:

the earliest spathiopterygid wasp and the first female known
for the family. Comptes Rendus Palevol, 15, 483—487.

Krzeminski, W., Kania, I. and Azar, D. 2014. The Early Creta-
ceous evidence of rapid evolution of the genus Helius Lepele-
tier and Serville, 1828 (Limoniidae, Diptera). Cretaceous
Research, 48, 96-101.

Latreille, P. A. 1810. Considérations générales sur Pordre naturel
des animaux composant les classes des crustacés, des arachnides,
et des insectes; avec un tableau méthodique de leurs genres, dis-
posés en familles. Schoell, Paris, 444 pp.

Linnaeus, C. 1758. Systema naturae per regna tria naturae, secun-
dum classes, ordines, genera, species, cum characteribus, differen-
tiis, synonymis, locis, Tenth edition (revised). Salvii,
Stockholm, 824 pp.

Luo, Y.-J. and Xie, Q. 2022. A new Aenictopecheidae from mid-
Cretaceous amber of northern Myanmar (Insecta: Hemiptera).
Cretaceous Research, 138, 105270.

Luo, J., Banaf, P. and Xie, Q. 2021. Allocephalocorinae, a new
subfamily of Enicocephalidae, based on Allocephalocoris zhengi
gen. et sp. nov., in mid-Cretaceous amber from northern
Myanmar (Insecta: Hemiptera). Cretaceous Research, 118,
104628.

Maksoud, S., Azar, D., Granier, B. and Geze, R. 2017. New data
on the age of the Lower Cretaceous amber outcrops of Leba-
non. Palaeoworld, 26, 331-338.

Martin-Closas, C. and Wang, Q. 2008. Historical biogeography
of the lineage Atopochara trivolvis PECK 1941 (Cretaceous
Charophyta).  Palaeogeography,  Palaeoclimatology, — Palaeo-
ecology, 260, 435-451.

Mendes, M. M., Vajda, V., Cunha, P. P., Dinis, P., Svobodovd,
M. and Doyle, J. A. 2022. A Lower Cretaceous palynoflora
from Carregueira (Lusitanian Basin, westernmost Iberia): taxo-
nomic, stratigraphic and palaeoenvironmental implications.
Cretaceous Research, 130, 105036.

Miyamoto, S. 1961. Comparative morphology of alimentary
organs of Heteroptera, with phylogenetic consideration. Siebol-
dia, 2, 197-259.

Mohr, B. A., Bernardes-De-Oliveira, M. E., Barale, G. and
Ouaja, M. 2006. Palacogeographic distribution and ecology of
Klitzschophyllites, an early Cretaceous angiosperm in southern
Laurasia and northern Gondwana. Cretaceous Research, 27,
464-472.

Nel, A., Delclos, X. and Hutin, A. 2005. Mesozoic chrysopid-like
Planipennia: a phylogenetic approach (Insecta: Neuroptera).
Annales de la Société Entomologique de France, 41, 29-68.

Nel, P., Penalver, E., Azar, D., Hodebert, G. and Nel, A. 2010.
Modern thrips families Thripidae and Phlaeothripidae in early
Cretaceous amber (Insecta: Thysanoptera). Annales de la
Société Entomologique de France, 46, 154-163.

Ortega-Blanco, J., Delclos, X., Penalver, E. and Engel, M. S.
2011a. Serphitid wasps in early Cretaceous amber from Spain
(Hymenoptera: Serphitidae). Cretaceous Research, 32, 143—154.

Ortega-Blanco, J., Delclos, X. and Engel, M. S. 2011b. Diverse
stigmaphronid wasps in Early Cretaceous amber from Spain
(Hymenoptera: Ceraphronoidea: Stigmaphronidae). Cretaceous
Research, 32, 762—773.

Ortega-Blanco, J., Penalver, E., Delclos, X. and Engel, M. S.
2011c. False fairy wasps in early Cretaceous amber from Spain

85U8017 SUOWWIOD 9AIEa1D) a|qeal|dde ay) Ag peuseob ale seoie O ‘SN JO S9|n. 1o ArIqIT BUIIUO AB[IA UO (SUONIPUOI-PUR-SWLB)/LL0D A8 1M Aleld Ul uo//Sdny) SUONIPUOD pue swie | 8 89S *[202/70/50] uo Akeigiauluo Ae|im 891 Aq 0SST 2dds/Z00T 0T/10p/Wod" A3 | 1mAtelq 1 puluo//sdy wo.j pepeoiumod ‘Z ‘1202 ‘20829502



14 PAPERS IN PALAEONTOLOGY

(Hymenoptera: Mymarommatoidea). Palaeontology, 54, 511—
523.

Osborne, J. L., Loxdale, H. D. and Woiwod, 1. P. 2002. Monitor-
ing insect dispersal: methods and approaches. 24-49. In Bull-
ock, J. M., Kenward, R. and Hails, R. (eds) Dispersal ecology.
Blackwell Science.

Penalver, E., Ortega-Blanco, J., Nel, A. and Delclos, X. 2010.
Mesozoic Evaniidae (Insecta: Hymenoptera) in Spanish amber:
reanalysis of the phylogeny of the Evanioidea. Acta Geologica
Sinica-English Edition, 84, 809-827.

Pérez-de la Fuente, R., Delclos, X., Penalver, E. and Arillo, A.
2011. Biting midges (Diptera: Ceratopogonidae) from the
Early Cretaceous El Soplao amber (N Spain). Cretaceous
Research, 32, 750-761.

Pérez-de la Fuente, R., Penalver, E. and Ortega-Blanco, J. 2012.
A new species of the diverse Cretaceous genus Cretevania Ras-
nitsyn, 1975 (Hymenoptera: Evaniidae) from Spanish amber.
Zootaxa, 3514, 70-78.

Peris, D. and Delclos, X. 2015. Fossil Monotomidae (Coleoptera:
Polyphaga) from Laurasian Cretaceous amber. Organisms
Diversity & Evolution, 15, 333-342.

Peris, D., Chatzimanolis, S. and Delclos, X. 2014. Diversity of
rove beetles (Coleoptera: Staphylinidae) in early Cretaceous
Spanish amber. Cretaceous Research, 48, 85-95.

Peris, D., Ruzzier, E., Perrichot, V. and Delclos, X. 2016. Evolu-
tionary and paleobiological implications of Coleoptera
(Insecta) from Tethyan-influenced Cretaceous ambers. Geosci-
ence Frontiers, 7, 695—-706.

Perrichot, D., Azar, N. and Nel, A. 2003. New Psocoptera in the
Early Cretaceous amber of SW France and Lebanon (Insecta:
Psocoptera: Trogiomorpha). Geological Magazine, 140, 669—683.

Petti, F. M., Antonelli, M., Citton, P., Mariotti, N., Petruzzelli,
M., Pignatti, J., D’orazi Porchetti, S., Romano, M., Sacchi, E.,
Sacco, E. and Wagensommer, A. 2020. Cretaceous tetrapod
tracks from Italy: a treasure trove of exceptional biodiversity.
Journal of Mediterranean Earth Sciences, 12, 167—-191.

Randazzo, V., Di Stefano, P., Schlagintweit, F., Todaro, S., Cac-
ciatore, M. S. and Zarcone, G. 2021. The migration path of
Gondwanian dinosaurs toward Adria: new insights from the
Cretaceous of NW Sicily (Italy). Cretaceous Research, 126,
104919.

Rasnitsyn, A. P., Maalouf, M., Maalouf, R. and Azar, D. 2022.
New Serphitidae and Gallorommatidae (Insecta: Hymenoptera:
Microprocta) in the Early Cretaceous Lebanese amber.
Palaeoentomology, 5, 120-136.

Ribeiro, G. C. and Lukashevich, E. D. 2014. New Leptotarsus
from the Early Cretaceous of Brazil and Spain: the oldest
members of the family Tipulidae (Diptera). Zootaxa, 3753,
347-363.

Rodriguez-Lépez, J. P., Meléndez, N., Soria, A. R. and De Boer,
P. L. 2009. Reinterpretacion estratigrafica y sedimentoldgica
de las formaciones Escucha y Utrillas de la Cordillera Ibérica.
Revista de la Sociedad Geoldgica de Espana, 22, 163-219.

Salas, R. and Guimera, J. 1996. Rasgos estructurales principales
de la cuenca Cretdcica inferior del Maestrazgo (Cordillera
Ibérica oriental). Geogaceta, 20, 1704-1706.

Schuh, R. T. 1970. Swarming in an undescribed enicocephalid
(Hemiptera) from Costa Rica. Entomological News, 81, 66—68.

Schuh, R. T. and Weirauch, C. 2020. True bugs of the world
(Hemiptera: Heteroptera): Classification and natural history,
Second edition. Siri Scientific Press. Monograph Series, 8, 800
pp-

Scotese, C. R. 2021. An atlas of Phanerozoic paleogeographic
maps: the seas come in and the seas go out. Annual Review of
Earth & Planetary Sciences, 49, 679-728.

Sereno, P. C., Wilson, J. A., Larsson, H. C., Dutheil, D. B. and
Sues, H.-D. 1994. Early Cretaceous dinosaurs from the Sahara.
Science, 266, 267-271.

Sol6rzano Kraemer, M. M., Delclos, X., Clapham, M. E., Arillo,
A., Peris, D., Jager, P., Stebner, F. and Penalver, E. 2018.
Arthropods in modern resins reveal if amber accurately
recorded forest arthropod communities. Proceedings of the
National Academy of Sciences, 115, 6739-6744.

Stal, C. 1860. Hemiptera: species novas descripsit. 219-298. In
Virgin, C. A. (ed.) Kongliga Svenska Fregattens Eugenies resa
omkring Jorden. Aren 1851-1853. 2. Zoologi. Norstedt & Soner,
Stockholm. https://doi.org/10.5962/bhl.title.2467

Stichel, W. 1955. Illustrierte Bestimmungstabellen der Wanzen. II.
Europa. Berlin-Hermsdorf, 160 pp.

Stys, P. 1985. Phallopiratinae, a new subfamily of plesiomorphic
Enicocephalidae based on a new genus and four new species
from the Oriental region (Heteroptera). Acta Universitatis
Carolinae: Biologica, 1981, 269-310.

Stys, P. 2008. Zoogeography of Enicocephalomorpha (Hetero-
ptera). Bulletin of Insectology, 61, 137—138.

Stys, P. 2010. A fossil head of an enicocephalomorphan (Hemi-
ptera: Heteroptera) from England revisited: identity of the first
fossil species of Enicocephalidae from Europe. European Jour-
nal of Entomology, 107, 455-460.

Stys, P. and Banaf, P. 2013. Eastern Arc Mountains in Tanzania:
Hic sunt Aenictopecheidae. The first genus and species of
Afrotropical Aenictopecheidae (Hemiptera: Heteroptera: Eni-
cocephalomorpha). European Journal of Entomology, 110, 677—
688.

Szadziewski, R. 1996. Biting midges from Lower Cretaceous
amber of Lebanon and Upper Cretaceous Siberian amber of
Taimyr (Diptera, Ceratopogonidae). Studia Dipterologica, 3,
23-86.

Szadziewski, R. and Arillo, A. 1998. Biting midges (Diptera: Cer-
atopogonidae) from the Lower Cretaceous amber from Alava,
Spain. Polskie Pismo Entomologiczne, 67, 291-298.

Szadziewski, R. and Arillo, A. 2003. The oldest fossil record of
the extant subgenus Leptoconops (Leptoconops) (Diptera: Cera-
topogonidae). Acta Zoologica Cracoviensia, 46 (suppl.-Fossil
Insects), 271-275.

Thayer, M. K., Newton, A. F. and Chatzimanolis, S. 2012. Proso-
lierius, a new mid-Cretaceous genus of Solieriinae (Coleoptera:
Staphylinidae) with three new species from Burmese amber.
Cretaceous Research, 34, 124—134.

Tibert, N. E., Colin, J. P., Kirkland, J. I., Alcald, L. and Martin-
Closas, C. 2013. Lower Cretaceous nonmarine ostracodes from
an Escucha Formation dinosaur bonebed in eastern Spain.
Micropaleontology, 59, 83-91.

Torices, A., Barroso-Barcenilla, F., Cambra-Moo, O., Pé-
rez-Garcia, A. and Segura, M. 2012. Palaeontological and
palaeobiogeographical implications of the new Cenomanian

85U8017 SUOWWIOD 9AIEa1D) a|qeal|dde ay) Ag peuseob ale seoie O ‘SN JO S9|n. 1o ArIqIT BUIIUO AB[IA UO (SUONIPUOI-PUR-SWLB)/LL0D A8 1M Aleld Ul uo//Sdny) SUONIPUOD pue swie | 8 89S *[202/70/50] uo Akeigiauluo Ae|im 891 Aq 0SST 2dds/Z00T 0T/10p/Wod" A3 | 1mAtelq 1 puluo//sdy wo.j pepeoiumod ‘Z ‘1202 ‘20829502


https://doi.org/10.5962/bhl.title.2467

DAVRANOGLOU ET AL.: FIRST UNIQUE-HEADED BUG FROM IBERIA 15

vertebrate site of Algora, Guadalajara, Spain. Cretaceous
Research, 37, 231-239.

Usinger, R. L. 1932. Miscellaneous studies in the Henicocephali-
dae (Hemiptera). Pan-Pacific Entomologist, 8, 145-156.

Villanueva-Amadoz, U., Pons, D., Diez, J. B., Ferrer, J. and
Sender, L. M. 2010. Angiosperm pollen grains of San Just site
(Escucha Formation) from the Albian of the Iberian Range
(north-eastern Spain). Review of Palaeobotany ¢ Palynology,
162, 362-381.

Villanueva- Amadoz, U., Sender, L. M., Alcald, L., Pons, D.,
Royo-Torres, R. and Diez, J. B. 2015. Paleoenvironmental
reconstruction of an Albian plant community from the Arino
bonebed layer (Iberian Chain, NE Spain). Historical Biology,
27, 430-441.

Villiers, A. 1958. Faune de Madagascar. 7, Insectes Hemipteres
Enicocephalidae.  Institut de  Recherches  Scientifiques,
Tananarive-Tsimbazaza, 79 pp.

Wang, Y.-H., Cui, Y., Rédei, D., Baiiat, P., Xie, Q., Stys, P.,
Damgaard, J., Chen, P.-P., Yi, W.-B,, Wang, Y., Dang, K., Li,
C.-R. and Bu, W.-J. 2016. Phylogenetic divergences of the true

bugs (Insecta: Hemiptera: Heteroptera), with emphasis on the
aquatic lineages: the last piece of the aquatic insect jigsaw
originated in the Late Permian/Early Triassic. Cladistics, 32,
390-405.

Wang, Y.-H., Wu, H.-Y., Rédei, D., Xie, Q., Chen, Y., Chen, P.-
P., Dong, Z.-R., Dang, K., Damgaard, J., Stys, P., Wu, Y.-Z.,
Luo, J.-Y., Sun, X.-Y., Hartung, V., Kuechler, S. M., Liu, Y.,
Liu, H.-X. and Bu, W.-J. 2019. When did the ancestor of true
bugs become stinky? Disentangling the phylogenomics of
Hemiptera-Heteroptera. Cladistics, 35, 42—66.

Weirauch, C., Schuh, R. T., Cassis, G. and Wheeler, W. C. 2019.
Revisiting habitat and lifestyle transitions in Heteroptera
(Insecta: Hemiptera): insights from a combined morphological
and molecular phylogeny. Cladistics, 35, 67-105.

Wygodzinsky, P. W. and Schmidt, K. 1991. Revision of the New
World Enicocephalomorpha (Heteroptera). Bulletin of the
American Museum of Natural History, 200, 1-265.

Ziegler, P. A. 1988. Evolution of the Arctic-North Atlantic and
western Tethys. American Association of Petroleum Geologists
Memoir, 43, 164—196.

85UB017 SUOWIWIOD @A [Fe.D) 8|l idde 8y} Aq peunob 88 s3joe VO ‘88N JO SN 1o} Afeiq 1 8UIIUO AB|IM UO (SUORIPUOD-pU-SWBYLIOD A8 | 1M ARe.q)1BUI UO//SA1Y) SUORIPUOD pUe SWwie L 84} 83S *[7202/70/50] uo Areiqiauliuo AB|IMm 8L Aq 0SST 2dds/200T 0T/I0p/wi0d A8 Aeiq1auljuo//sdny wouy papeojumoq ‘g %202 ‘20829502



	 Abstract
	 GEOLOGICAL SETTING
	 MATERIAL AND METHOD
	 SYSTEMATIC PALAEONTOLOGY
	Outline placeholder
	 Order HEMIPTERA Linnaeus,&nbsp;
	 Suborder HETEROPTERA Latreille,&nbsp;
	 Infraorder ENICOCEPHALOMORPHA Stichel,&nbsp;
	 Family INCERTAE�SEDIS
	 Genus Enicocephalinus Azar et&thinsp;al.,&nbsp;
	Outline placeholder
	 Type species
	 Emended diagnosis


	 Enicocephalinus ibericus sp.�nov.
	 Figures&nbsp;
	Outline placeholder
	 LSID
	 Derivation of�name
	 Holotype
	 Differential diagnosis
	 Type locality



	 Description
	Outline placeholder
	Outline placeholder
	 Structure and vestiture
	 Head
	 Thorax
	 Abdomen
	 Measurements




	 DISCUSSION
	 The systematic position of Enicocephalinus
	spp21550-fig-0001
	spp21550-fig-0002
	spp21550-fig-0003
	 Palaeo�ecological insights and biogeographical implications

	 CONCLUSION
	spp21550-fig-0004
	spp21550-fig-0005
	spp21550-fig-0006

	 Data archiving statement
	 REFERENCES
	spp21550-bib-0001
	spp21550-bib-0002
	spp21550-bib-0003
	spp21550-bib-0004
	spp21550-bib-0005
	spp21550-bib-0006
	spp21550-bib-0007
	spp21550-bib-0008
	spp21550-bib-0009
	spp21550-bib-0010
	spp21550-bib-0011
	spp21550-bib-0012
	spp21550-bib-0013
	spp21550-bib-0014
	spp21550-bib-0015
	spp21550-bib-0016
	spp21550-bib-0017
	spp21550-bib-0018
	spp21550-bib-0019
	spp21550-bib-0020
	spp21550-bib-0021
	spp21550-bib-0022
	spp21550-bib-0023
	spp21550-bib-0024
	spp21550-bib-0025
	spp21550-bib-0026
	spp21550-bib-0027
	spp21550-bib-0029
	spp21550-bib-0030
	spp21550-bib-0031
	spp21550-bib-0032
	spp21550-bib-0033
	spp21550-bib-0034
	spp21550-bib-0035
	spp21550-bib-0036
	spp21550-bib-0037
	spp21550-bib-0038
	spp21550-bib-0039
	spp21550-bib-0040
	spp21550-bib-0041
	spp21550-bib-0042
	spp21550-bib-0043
	spp21550-bib-0044
	spp21550-bib-0045
	spp21550-bib-0046
	spp21550-bib-0047
	spp21550-bib-0048
	spp21550-bib-0049
	spp21550-bib-0050
	spp21550-bib-0051
	spp21550-bib-0052
	spp21550-bib-0053
	spp21550-bib-0054
	spp21550-bib-0055
	spp21550-bib-0056
	spp21550-bib-0057
	spp21550-bib-0058
	spp21550-bib-0059
	spp21550-bib-0060
	spp21550-bib-0061
	spp21550-bib-0062
	spp21550-bib-0063
	spp21550-bib-0064
	spp21550-bib-0065
	spp21550-bib-0066
	spp21550-bib-0067
	spp21550-bib-0068
	spp21550-bib-0069
	spp21550-bib-0070
	spp21550-bib-0071
	spp21550-bib-0072
	spp21550-bib-0073
	spp21550-bib-0074
	spp21550-bib-0075
	spp21550-bib-0076
	spp21550-bib-0077
	spp21550-bib-0078
	spp21550-bib-0079
	spp21550-bib-0080
	spp21550-bib-0081
	spp21550-bib-0082
	spp21550-bib-0083
	spp21550-bib-0084
	spp21550-bib-0085
	spp21550-bib-0086
	spp21550-bib-0087
	spp21550-bib-0088
	spp21550-bib-0089
	spp21550-bib-0090
	spp21550-bib-0091
	spp21550-bib-0092
	spp21550-bib-0093
	spp21550-bib-0094
	spp21550-bib-0095
	spp21550-bib-0096
	spp21550-bib-0097
	spp21550-bib-0098
	spp21550-bib-0099
	spp21550-bib-0100
	spp21550-bib-0101
	spp21550-bib-0102
	spp21550-bib-0103
	spp21550-bib-0104
	spp21550-bib-0105
	spp21550-bib-0106
	spp21550-bib-0107


