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Abstract

Amber-bearing deposits are a specific kind of fossil bioaccumulation that preserves exceptionally well palaeobiological informa-
tion from the past. The present article discusses the ‘state of the art’ of the knowledge of certain Spanish amber-bearing deposits
from the Cretaceous (Albian-Cenomanian). A bibliographic compilation of previous studies, together with new discoveries, shows
the existence of over 100 amber localities; nevertheless, only in seven of these have arthropod inclusions been found. The sites are
Albian in age, associated with coal deposited on deltaic environments. These outcrops are distributed in a strip curve through the
North to the East of the Iberian Peninsula and which corresponds to the coastal line during the Early Cretaceous. It includes (from the
northwest to the east): the Central Asturian Depression, the Basque-Cantabrian Basin, and the Maestrat Basin, respectively. Infrared
spectroscopy (IRTF) analyses show close similarities between all these amber localities. Gas chromatography—mass spectrometry
(GC-MS) of the Alava amber suggests that Agathis (Coniferales: Araucariaceae) or another closely related group of conifers was one
of the resin producer trees of Spanish ambers. Numerous new records and taxa occur in the botanical source for Spanish Cretaceous
amber; additional material has been newly excavated in the Moraza-Pefiacerrada, Arroyo de la Pascueta, La Hoya, and San Just
outcrops. More than two thousand inclusions are found in the Moraza-Pefacerrada sites (Burgos and Alava Provinces). In all the
amber outcrops, the dominant group is composed by arthropods, and among them hexapods, with 17 orders being recognized to
date. The most abundant and diverse insect groups are dipterans, hymenopterans and coleopterans, mainly parasitoid, saproxylic or
herbivorous forms. To cite this article: X. Delclos et al., C. R. Palevol 6 (2007).
© 2006 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Dépots d’ambre fossilifere du Crétacé (Albien) d’Espagne. Les dépdts d’ambre sont des bioaccummulations a fossiles partic-
ulieres, préservant de maniere exceptionnelle I’information paléobiologique du passé. Dans ce travail, nous exposons les derniéres
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connaissances sur les dépdts a ambre du Crétacé d’Espagne (Albien—Cénomanien). Une compilation bibliographique et de nouvelles
découvertes montrent 1’existence d’une centaine de localités contenant de 1’ambre. Jusqu’a présent, seules sept d’entre elles, d’age
Albien, ont livré des inclusions d’arthropodes. Dans ces gisements, correspondant a des paléoenvironnements deltaiques, I’ambre est
associé a d’importants dépdts de lignite. Les gisements sont distribués le long d’une courbe allant du Nord jusqu’al’Est de la péninsule
Ibérique, qui correspond a la ligne de cote pendant le Crétacé inférieur et inclut, du nord-ouest jusqu’a I’est, la dépression centrale
Asturienne, le bassin Basque-Cantabrique et le bassin du Maestrat. L’analyse des ambres en spectroscopie infrarouge (IRTF) montre
de grandes similitudes entre toutes les localités. L’analyse en spectroscopie de masse par chromatographie gazeuse (GC-MS) de
I’ambre Alava suggere que Agarhis (Coniférales : Araucariaceae), ou un autre groupe de coniféres étroitement apparenté, ait pu étre
I’arbre producteur des ambres crétacés en Espagne. Le nouveau matériel excavé dans les gisements de Moraza—Pefiacerrada, Arroyo
de la Pascueta, La Hoya et San Just a livré de nombreuses inclusions ; plus de 2 miliers d’inclusions ont été trouvées dans les gisements
de Moraza—Penacerrada (provinces de Burgos et d’Alava). Dans tous les gisements d’ambre, les arthropodes constituent le groupe
dominant, avec 17 ordres reconnus, les insectes les plus abondants et diversifiés étant les dipteres, les hyménopteres et les coléopteres,
principalement des formes parasites, saproxyliques ou herbivores. Pour citer cet article : X. Delclos et al., C. R. Palevol 6 (2007).

© 2006 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

The fossilization processes imply, in almost all cases,
an important loss of palaeobiological information; nev-
ertheless, it is possible to gain sedimentological and
palacoenvironmental information with respect to other
deposits [57]. In amber, the fossilization processes imply
an excellent preservation of the palaeobiological con-
tent. Inclusions in amber show the best palacobiolog-
ical and palacoenvironmental information of organism
remains in the fossil record, and in the deposits where
amber is placed, their sedimentological, palacoenviron-
mental and diagenetic history is recorded as well. The
amber deposits should be interpreted as Konservatt-
Lagerstitten, not as Koncentrat-Lagerstitten [48], and
should be considered as a particular type of fossil con-
centration with excellent preserved organism remains.

A concentration of organism remains, fossil or not,
may be defined as a relatively dense accumulation of
biological remains or fossils, independent of the com-
position in organism remains (one or several different
species), their state of preservation, size, or taphonomic
degree of modification [24]. The concentration pro-
cesses may have a very different time range of formation
depending on the cases. Amber inclusions can be geo-
logically instantaneous.

Concentrations may be defined descriptively or
genetically. Descriptive classification of concentrations
includes the taxonomic composition, the internal struc-
ture of the deposit, the spatial distribution and disposition
of remains, etc. Genetically, the palaeobiological con-
centrations are usually defined as biogenical, sedimen-
tological or diagenetical, depending on the formation
process. Amber inclusions may be classified into bio-

genical concentrations (a unique piece of amber may
contain hundred of insect remains), as well as sedimento-
logical concentrations (many pieces of amber, originally
resin, can be found in the same stratigraphic level) [39].
Genetically, concentrations may also be divided into (1)
episodic: where concentrations took place in a single
layer, and in registered moments of usually unique and
brief concentrations, as is the case of insect swarm inclu-
sions, and termite or ant mass mortality due to a copious
resin production [3,34]; (2) multiepisodic or composed:
where concentration is characterized by an outflow or
stalactite resin formation with several episodic sets of
resin microlayers; and (3) condensed: with fine multi-
layers distributed over several centimetres, such as the
litter fauna preserved in the Early Cretaceous amber of
southwestern France [40].

Amber usually includes remains of organisms that
lived close to the resinous trees, inside the forests, and
this allows the interpretation of palacoecological rela-
tionships between organisms better than any other fossil
deposits. Nevertheless, amber is not usually found at its
place of production, but transported by water flows to
the final sedimentological deposits [34]. During trans-
port the mixing of resins produced by different trees at
different altitudes can occur. For this reason, palacoeco-
logical reconstructions of forests ecosystems based on
amber inclusions need to be especially accurate [42].

2. Geological settings of the Early Cretaceous
amber-bearing deposits of Spain

The first reference to Spanish Early Cretaceous amber
dates from 1762 [18], when the presence of amber
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(termed succino) was cited in Asturias, including the
localities, origin, composition, etc. In the last decade,
several other Cretaceous amber localities have been
found in Spain. A bibliographic compilation, together
with new unpublished discoveries, shows the existence
of more than 100 Lower Cretaceous amber localities.
Nevertheless, only some of these have as yet been con-
firmed, and others previously mentioned in old coal
mines no longer exist. Furthermore, in some, the fossil-
iferous content is low. Only in seven outcrops are bioin-
clusions found: La Hoya in Cortes de Arends (Castellon
Province), Arroyo de la Pascueta in Rubielos de Mora
and San Just in Escucha (Teruel Province), Pefiacerrada
(Alava Province), Moraza (Burgos Province), and El
Caleyu and Pola de Siero (Asturias Province). Most of
these seven localities are distributed in a strip curve
from the North to the East of the Iberian Peninsula,
a curve that corresponds to the coastal line during
the Early Cretaceous [52]. These locations are usually
associated with coal deposited on deltaic environments
[22].

In the last six years, the sedimentology, geochemistry,
taphonomy and palaeobiology of Spanish amber sites
have been widely studied (see references below).

2.1. Age of the amber-bearing deposits

The Spanish Cretaceous amber-bearing deposits
range from the Barremian (La Huérguina Fm.) to the
Maastrichtian (Tremp Fm.). Up to now, amber with
palaeobiological inclusions has only been found in a few
localities that are Albian in age and are included in the
widely extended Escucha Fm.

2.1.1. Maestrat Basin

To date, incipient palynological studies have been car-
ried out in the Lower Cretaceous amber-bearing deposits
from this basin (Fig. 1). The biostratigraphical data
are based on the inferred age from other nearby non-
amberiferous outcrops of the Escucha Fm. with sim-
ilar geological context and facies. A Lower—Middle
Albian age for Escucha Fm. is stipulated on the basis
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Fig. 1. Map of Spain showing the location of the Albian—-Cenomanian basins and the Albian amber-bearing localities where palaeobiological
inclusions are found. MB: Maestrat Basin, BCB: Basque Cantabrian Basin, CAD: Central Asturian Depression. 1. Pola de Siero, 2. El Caleyu, 3.
Pefiacerrada (= Pefiacerrada II), 4. Moraza (= Pefiacerrada I), 5. San Just, 6. Arroyo de la Pascueta, 7. La Hoya. Early-Middle Albian Iberian Plate

reconstruction after [45].

Fig. 1. Carte d’Espagne montrant la localisation des bassins de 1’ Albien—Cénomanien et les localités a ambre de 1’ Albien ou ont été trouvées les
inclusions paléobiologiques. MB : Bassin du Maestrat, BCB : bassin basque Cantabrique, CAD : dépression centrale Asturienne. 1. Pola de Siero,
2. El Caleyu, 3. Penacerrada (= Pefiacerrada II), 4. Moraza (=Pefacerrada I), 5. San Just, 6. Arroyo de la Pascueta, 7. La Hoya. Reconstitution de

la plaque Ibérique dans I’ Albien Inférieur-Moyen, d’apres [45].
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of assemblages integrated by a predominance of spores
(mainly Cicatricosisporites and Cyathidites) over bisac-
cate pollen grains [51]. This age is corroborated by the
presence of the ammonite Douvilleiceras monile (Zone
with Mammillatum) in the Traigera area [31].

The amber localities of La Hoya, Arroyo de la Pas-
cueta, and San Just (Fig. 1) are included in the Escucha
Fm. site in the Maestrat Basin [43,44]. This basin, along
with other Mesozoic basins of the Iberian Peninsula,
is characterized by listric faults that occurred during a
significant rift stage of the Oxfordian—Albian interval,
associated with the opening of the northern part of the
Atlantic [45,46].

During the Early Cretaceous, the sedimentation in
the Maestrat Basin was dominated by sandstones, lime-
stones and marls, deposited in shallow marine and fresh-
water environments (tide-influenced deltas); even so,
during the Lower-Middle Albian, at the end of the
rift stage, deltaic and estuarine systems developed and
evolved vertically into a deltaic system dominated by
a fluvial environment with siliciclastic sedimentation,
represented by the Escucha Fm. This formation has
traditionally been subdivided into three members that
appear in sedimentological continuity, denominated as
follows: (a) the lower or Barriada Member, (b) the mid-
dle or Regachuelo Member, and (c) the upper or La
Orden Member. These members are differentiated into
two groups of facies [43]: the lower delta plains (that
comprise the tide plain and the belt of salt marshes), and
the upper delta plains with the flood and fluvial plains. Up
to now, amber deposits have only been found in the upper
part of the Barriada Member and in the El Regachuelo
Member (they are more abundant in the latter), which
consist of brackish water swamp belt and freshwater
swamp plain deposits, respectively [44].

2.1.2. Basco-Cantabrian Basin

The Moraza and Pefiacerrada palynological assem-
blages suggest an Upper Aptian—Lower Albian age due
to the presence of Distaltriangulatisporites costatus,
Gregussisporites orientalis, and Phlebopteris globosus,
as well as pollen grains of ancient angiosperms related
to the top of Zone I of the Potomac Group [11]. This
Zone is characterised by the presence of monosulcate
pollen grains of the genera Liliacidites, Stellatopollis,
Retimonocolpites, the species Clavatipollenites hugessii
and small, scarce reticulate tricolpate pollen grains of
the genus Tricolpites.

The amber sites at Moraza and Pefiacerrada
(Pefiacerrada I and II respectively in previous refer-
ences) (Fig. 1) are also included in the Escucha Fm.
(previously cited as Nograro Fm.), and in the Lower

Albian in the Basco-Cantabrian Basin. In this basin,
the Escucha Fms. are divided into three subunits (not
correlated with the three members established for this
formation in the Maestrat Basin). It is represented in
this area by a deltaic succession that shows a verti-
cal tendency to a depositional regression of this deltaic
system in the lower-middle subunits, and a vertical trans-
gression in the upper one. Amber deposits are always
associated with coal layers that are more abundant in
the middle member of the formation [35], coinciding
with the period of maximum regression and the deltaic
progradation [35,46]. The major amber accumulations
took place at the top of the filling sequences of the
interdistributaries deltaic bays. Sometimes, thin levels
rich in coal with amber are found at the top of chan-
nels or on crevasse splay facies, and also possibly in
the abandoned channels. The lower subunit is predom-
inantly composed of grey clays or heterolytic deposits
with sparse intercalations of carbonate sandstones with
orbitolinids; the middle subunit is characterized by sand-
stones and siliceous microconglomerates from channel
filling, and abundant coal levels. The upper subunit is
predominantly composed of grey lutitic with intercala-
tion of carbonate sandstones with orbitolinids, bivalves,
etc. [35].

2.1.3. Central Asturian Depression

The amber from Asturias is found in several locali-
ties, mainly situated in the central Asturian Depression
(Fig. 1), an east-west-elongated depression extending
along 90 km between Oviedo and Cangas de Onis. Cre-
taceous sediments in the central Asturian Depression
range in age from Late Albian to Santonian, although
Coniacian and Santonian outcrops have not yielded
amber. The main localities with amberiferous outcrops
are located near the cities and villages of Oviedo, Pola
de Siero, Infiesto, Nava, and Corao. Amber has been
found in the Ullaga Fm. (Upper Albian), Corao Fm.
(Lower Cenomanian), El Caleyu Fm. (Lower Cenoma-
nian), La Manjoya Fm. (Lower-Middle Cenomanian),
and Las Tercias Fm. (Upper Cenomanian—-Middle or
Upper Turonian) [16,29]. Other amber-bearing outcrops
are located in the coastal area (Llanes town) in Aptian
sediments.

Insects are only found in El Caleyu and Pola de
Siero localities in the Ullaga Formation [2]. The amber-
bearing levels of the Ullaga Fm. are mainly composed
by grey siltstones and silty marls with abundant oysters,
ostracodes, foraminifers, selachian remains, and differ-
ent leaf remains [2,15]. In the amber-bearing locality of
the stratotypic El Caleyu Fm. the amber is rich in bioin-
clusions, although the insects have not been studied yet.
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Amberiferous levels in this locality are found in lenticu-
lar layers of black limes that correspond to lag deposits
of intertidal channels, associated with abundant plant
remains. The amber has frequent plant inclusions, mainly
roots, suggesting that this material was included in the
soil before its transport to the intertidal area [2].

3. Material and methods

Only in Pefiacerrada-Moraza have intensive extrac-
tions of amber been performed [20]. In La Hoya (Cortes
de Arenés) and Arroyo de la Pascueta (Rubielos de
Mora), more minor palaeontological excavations have
been done. In the other fossil localities of Spain, all the
material collected was picked over by hand, and left uns-
elected by size.

4. Collections
4.1. Teruel outcrops

The fossiliferous amber outcrops in the Maestrat
Basin are San Just, Arroyo de la Pascueta and La Hoya.
The richest site is San Just, which contains the best-
preserved bioinclusions. Up to now, the bioinclusions’
collections from these deposits have been poor, but an
extensive excavation in San Just outcrop is planned. The

material is housed in the ‘Fundacién Conjunto Paleon-
tolégico de Teruel-Dinépolis’ (CPT collection) and in
the ‘Museu de Geologia de la Universitat de Valencia’
(MGUYV collection). Some of the specimens recorded
are especially interesting, such as several Evaniidae, one
thrip, and specimens of Araneae (body fossils and spider
web remains).

4.2. Alava outcrops

The Moraza and Penacerrada ambers (also called the
Alava ambers) show an impressive diversity, abundance
and state of preservation of the included organisms. The
10% of the material from excavations performed over
the past two years have alone revealed approximately
2300 arthropod inclusions, constituting one of the most
diverse Mesozoic terrestrial microbiota, together with
New Jersey, French, Lebanese, Burmese, Siberian, and
Canadian ambers. The preliminary study of the organ-
isms trapped in Alava amber allowed us to establish a
faunistic profile at the ordinal level (Fig. 2). Insects are
the dominant class of this amber fauna, among which
Diptera and Hymenoptera are predominant as in the San
Just amber, and in all Cenozoic and other Cretaceous
ambers as well. All the material from these outcrops is
housed in the ‘Museo de Ciencias Naturales de Alava’
(MCNA collection).

Isopoda

Tanaidacea

Acariformes 0%

Araneae 2,4p%

Pseudoscorpionida

Collembola B.76%

Archaeognatha § 0,19%
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Fig. 2. Frequency distribution of arthropods found in Alava amber. The total number of arthropods found in the other localities is extremely low in

comparison.

Fig. 2. Distribution de fréquences des arthropodes trouvés dans I’'ambre d’ Alava. Le nombre total des arthropodes trouvés dans des autres localités

a ambre est, en comparaison, tres bas.
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4.3. Asturias outcrops

The fossiliferous amber deposits from the Central
Asturian Depression are El Caleyu and Pola de Siero.
El Caleyu contains very clear amber with abundant
bioinclusions, but this has not been excavated yet. But
even if the Cenomanian amber has not yet yielded
bioinclusions, it would be of great interest because it
enables future comparisons between different Meso-
zoic terrestrial microbiotas in the Iberian and European
plates. The specimens recorded up to now are housed
in the ‘Museo de la Universidad de Oviedo® (MUO
Collection).

5. Geochemistry of the amber

Ambers have been widely studied by solid-state spec-
troscopic techniques such as IRTF, cross-polarization
of 13C nuclear magnetic resonance spectroscopy, etc.,
but the majority of fossil resins show similar pat-
terns that do not allow their clear classification. Gas
chromatography—mass spectrometry (GC-MS) makes it
possible to determine the individual non-volatile com-
ponents of the fossil resin and their molecular structure,
and this technique can provide evidences of their resin
producer [30].

IRTF analyses have been made in pieces from all
the amber-bearing deposits with palaesobiological inclu-
sions. All the IR spectra correspond with the previous
results obtained from the Pefiacerrada—Moraza samples
[1]: spectra dominated by C—H stretching bands near
2950cm™ !, C-H bending between 1470 and 1380 cm™!
and the carbonyl bands close to 1700cm™". Also, the
lack of exocyclic methylenic bands at 880, 1640 and
3070 cm™~! are consistent with the high degree of matu-
rity of these Cretaceous ambers.

GC-MS studies of the Spanish ambers have only been
performed on the Pefiacerrada—Moraza ambers [1,19].
The analysis of their residual compounds suggests a
possible plant affinity of the amber. The amber is rich
in kauranes that are abundant in the araucariaceans,
especially in the genus Agathis (Coniferales: Araucari-
aceae), and the absence of tetracyclic diterpenoids and
amyrins and other triterpanes discards their origin in
podocarpaceans and burseraceans, respectively. The lack
of a-cedrene and cuparene also suggests the unreliability
with the cupressaceans, and the absence of bicadinanes
and tricadinanes also eliminates the dipterocarpaceans as
a producer. Pimaric acid and related compounds are dis-
tinctive of resins from Agathis genus. Derivative specific
compounds found in these ambers that may originate
from agathic acid suggest that Agathis, or another close

relationship group of Coniferales, was one of the tree
resin producers of Spanish ambers.

6. Plants and palynomorphs related to
amber-bearing deposits

The Lower Cretaceous amber-bearing deposits of
Spain are always associated with coal and are rich in
plant megaremains that appear as coalified compres-
sions. Therefore, branchlets of Cheirolepidiaceae and
leaflets of Bennettitales have been recorded in both
the Rubielos de Mora (Barranco de la Pascueta) and
the Pefiacerrada-Moraza outcrops [1,25]. In addition,
pinna fragments of Weichselia reticulata, male cones of
Cheirolepidiaceae, ovuliferous scales of Bennettitales,
wood of Agathoxylon sp., and leaves of Ginkgoales
and Pseudotorellia sp. were only found in the Bar-
ranco de la Pascueta outcrop [25,26], which includes (at
the top of the stratigraphic section) the amber locality
with insects named Arroyo de la Pascueta. In this out-
crop, plant cuticles of diverse Cretaceous gymnosperms
such as Nehvizdya penalveri, Frenelopsis turolensis, and
Classostrobus turolensis are also found [27,28]. In the
Valle del Rio Martin, some plant-bearing levels in the
Regachuelo and La Orden members have been located
[49], and these enclose ferns, Ginkgoales, Bennettitales,
Caytoniales, Cycadales, cheirolepidacean conifers, and
angiosperms. In the same stratigraphic levels, the tree
fern Weichselia reticulata has been recognized [23].

The amberiferous sediments of the Basque—
Cantabrian Basin have yielded rich and diverse palyno-
logical assemblages integrated by vascular cryptogam
spores, gymnosperm and angiosperm pollen grains,
dinoflagellate cysts, acritarchs and phycomas of prasino-
phycean algae [1,11]. Their study revealed high per-
centages of pollen grains related to Araucariaceae,
which agrees with the chemical data on amber [1,19].
Coniferous forests formed by Araucariaceae, Cupres-
saceae/Taxodiaceae and Cheirolepidiaceae with a rich
undergrowth constituted by Lycophyta, Pteridophyta
(mainly Schizaeaceae and Cyatheaceae/Dicksoniaceae),
and other gymnosperms such as cycads, Bennettitales,
and Gnetales, as well as ancient angiosperms, devel-
oped in the Basque—Cantabrian Basin during the Lower
Cretaceous. Coastal cheirolepidiacean and lowland fern
forests lived on a delta plain and grew under warm and
wet climatic conditions.

The amberiferous outcrops from the Maestrat
Basin also yielded rich and diverse palynofloras,
but their study is still fragmentary and incomplete.
The assemblages from the Oliete Subbasin present
conspicuous percentages of pteridophytic spores of
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Cyatheaceae/Dicksoniaceae and Schizaeaceae, inaper-
turate pollen grains (mainly Inaperturopollenites dubius
and Classopollis). The pollen grains of ancient
angiosperms are very scarce at this locality [41,51].
The Barranco de la Pascueta outcrop also exhibits high
percentages of pollen grains of Cheirolepidiaceae and
Cupressaceae/Taxodiaceae [26,41]. However, the spores
present lower diversity than in the Oliete Subbasin,
those of Cyatheaceae/Dicksoniaceae being predominant.
The ancient angiosperms are well represented by sev-
eral genera of monosulcate and tricolpate pollen grains
such as Clavatipollenites, Brenneripollis, and Tricolpites
[41].

The scarce plant remains that occur in the amberif-
erous outcrops of the Central Asturian Depression have
not been studied yet [2].

7. Amber fossil inclusions
7.1. Plant inclusions

The plant-related inclusions in Spanish amber are
scarce. They have been recorded in ambers from the
Maestrat, Basque—Cantabrian and Asturian basins; how-
ever, to date, no study of these inclusions has been
carried out. Particularly, the amber from Pefiacerrada
and Moraza has yielded a relatively high number of
undetermined fragments of leaves possibly related to
gymnosperms, flattened and prostrate sheet-like bodies
similar to those found in lichens and liverworts, herba-
ceous leafy branches possibly related to gametophytes
of mosses, and very scarce cupressaceous-like shoots
of conifers. Sometimes amber pieces with inaperturate
pollen grains similar to those of Araucariaceae occur.

7.2. Other non-Animalia inclusions

In the Pefiacerrada and Moraza ambers, the applica-
tion of different light and SEM techniques has allowed
the characterization of different microstructures with
ultrastructural details that have been interpreted as pro-
tozoa and fungal hyphae [9,10]; however, the structures
interpreted as fungal hyphae are fossil bacteria for other
authors [47]. Clear fungal hyphae have been found in El
Caleyu, San Just [39] and La Hoya ambers (Fig. 3A).
Likewise, the presence of mummified bacteria trapped
in the fossil gas bubbles has been recorded.

7.3. Arthropods

Specimens of Crustacea, Arachnida and mainly
Hexapoda have been found in Spanish amber (Fig. 2).

The majority of specimens originate from the
Penacerrada-Moraza amber, but a few of them are found
in almost five other fossil localities.

7.3.1. Crustacea

This group is represented in Peflacerrada-Moraza
amber by the orders Isopoda (Fig. 3B) and Tanaidacea
(Fig. 3C). Around 14 inclusions found in this amber
belong to Tanaidacea, although they were first assigned
to Amphipoda [1]. A similar number of specimens (12)
are assigned to Isopoda. Neither of these two orders has
been studied yet.

7.3.2. Arachnida

Arachnids are represented by three orders: Acari,
Pseudoscorpionida, and Araneae. All the mites (Acari)
known in the Penacerrada-Moraza ambers (around
57 specimens) belong to the Acariformes (Fig.3D),
including the suborders Oribatida (Cryptostigmata) and
Trombidiformes (Prostigmata). Among oribatids (beetle
mites), two families have been recorded: Archaeorch-
estidae was described in Alava amber [6] with a new
genus and species: Archaeorchestes minguezae. Fam-
ily Cepheidae was also recorded [7], with the new
species Eupterotegaeus bitranslamellatus. Several trom-
bidid specimens have been found also but still remain
undescribed, although parasitic larvae belonging to the
genus Leptus (family Erythraeidae) have been recorded.
The order Pseudoscorpionida has only very recently been
discovered and only two specimens have been found in
the Alava amber (Fig. 3E). One of the most remarkable
discoveries in Spanish amber corresponds to Araneae
web portions, which are found in the Alava and San Just
ambers [38]. Body fossils of spiders (Order Araneae)
are common, and to date 51 specimens have been
found in the Pefiacerrada—Moraza ambers; they include
Mesozygiella dunlopi, the oldest true orb-weaving spi-
der (Araneidae) [37], and also the oldest lagonomegopid
spider [36]. Some spider specimens are also found in
the amber of the Maestrat (Fig. 3F); nevertheless, in the
majority of the specimens, their study is very difficult.

7.3.3. Hexapoda

Most of the inclusions found in Spanish ambers
belong to Hexapoda. To date 17 orders of insects have
been recognized.

7.3.3.1. Collembola.. Springtails are common in Alava
amber (Fig. 3H); with at least 80 specimens recorded. Up
to 6 families and 8 genera were recognized [50], sug-
gesting an important preservation of litter or tree bark
fauna: Arrhopalitidae, Bourletiellidae, Isotomidae (sev-
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eral specimens and three genera recognized), Neanuri-
dae, Onychiuridae and Sminthuridae. All genera have
recent species: Micranurida and Onychiurus, which are
euedaphic, Anurophorus, Proisotoma and Cryptopygus,
with a hemiedaphic habitat, two with an atmobious habi-
tat, Sminthurus and Fasciosminthurus, and Arrhopalites,
with a troglophilous one.

7.3.3.2. Archaeognatha. Only four specimens belong-
ing to the order Archaeognatha (Fig. 3G) have been
found and are still unstudied.

7.3.3.3. Blattodea. Cockroaches are represented in
Spanish ambers as both juvenile and adult (winged) spec-
imens. To date about 50 specimens are known from
the Alava amber (Fig. 3I) and two from the La Hoya
amber.

7.3.3.4. Orthoptera. This order is only known in the
Alava amber as seven small juvenile individuals of one
form of the family Elcanidae (Fig. 3K), mainly exuviae
remains, some of them highly disarticulated.

7.3.3.5. Psocoptera. Book lice are a well-represented
and widely studied order in the Alava amber (Fig.3L).To
date, about 80 specimens are known, and the following
taxa have been recognized: the family Archaeatropidae,
including the genus and species Archaeatropos alavensis
[12]; family Manicapsocidae with the species Manicap-
socidus enigmaticus [13], and two new genera and three
new species, Empheropsocus arilloi, Empheropsocus
margineglabrus, and Preempheria antiqua belonging to
the family Empheriidae [14].

7.3.3.6. Thysanoptera. Thrips are recorded in
diverse Spanish ambers (around 70 specimens in
the Pefiacerrada—Moraza amber). Possibly they belong
to the family Stenurothripidae, like the specimen that
has been found in the San Just amber (Fig. 3M) [39].
The family Aeolothripidae was previously cited in
the Alava amber [1], but this identification must be
reviewed.

7.3.3.7. Heteroptera. True bugs are not very common.
To date, three groups have been found in the Alava
amber: Hydrometridae, Tingoidea (Fig. 4A), and Sal-
doidea.

7.3.3.8. Homoptera. This order is represented in the
Alava amber with numerous specimens. Fulgoroidea are
represented in Alava amber as scarce nymphal forms.
The most abundant homopterans are very well-preserved
scale insects (over 20 specimens). Other rare homopter-
ans are winged aphidoids. Only one fulgoroid individual
from Arroyo de la Pascueta site and one Cicadomorpha
from the San Just site (Fig. 4B) are known.

7.3.3.9. Coleoptera. Up to now, no systematic studies
on beetle remains from Spanish amber outcrops has been
performed. Nevertheless, several polyphagan families
have been identified, most of them related to herbivorous
or saproxylic habits, and some carnivorous or carrion
feeders. In the Penacerrada—Moraza amber outcrops has
been found a record of at least eight families of bee-
tles. Herbivorous beetles are represented by wood-boring
forms of the families Elateridae (Fig. 4C), Bostrichidae,
Dascillidae, and Scraptiidae, and probably by weevils
(?Curculionidae family). Cucujoids are represented by
the family Cucujidae, most probably with saproxylic

Fig. 3. Diverse palacobiological inclusions in Spanish Lower Cretaceous ambers. (A) Fungi hyphae, La Hoya amber, Cortes de Arends, Maestrat
Basin, MGUYV Coll., scale bar: 0.1 mm. (B) Isopoda individual, Alava amber, Basco-Cantabrian Basin, MCNA 9924, scale bar: 1 mm. (C) Crustacea
Tanaidacea, Alava amber, MCNA 12704, scale bar: 1 mm. (D) Acari, Oribatida, Cepheidae, Eupterotegaeus bitranslamellatus, Alava amber, MCNA
9943a, scale bar: 1 mm. (E) Pseudoscorpionida, Alava amber, MCNA 13271, scale bar: 1 mm. (F) Araneae, San Just amber, Maestrat Basin, CPT
Coll., scale bar: 1 mm. (G) Collembola Isotomidae, Cryptopygus sp., Alava amber, MCNA 9273, scale bar: 0.25 mm. (H) Archaeognathan specimen,
Alava amber, MCNA 8638, scale bar: 1 mm. (I) Adult cockroach, La Hoya amber, MGUV Coll., scale bar: 1 mm. (J) Isopteran forewing, Alava
amber, MCNA 12803, scale bar: 1 mm. (K) Forelegs of an orthopteran Elcanidae, Alava amber, MCNA-9150, scale bar: 0.5 mm. (L) Psocoptera
Archaeotropidae, Archaeatropos alavensis, Alava amber, MCNA-8640, scale bar: 0.5 mm. (M) Thysanoptera Stenurothripidae, San Just amber,
CPT-971, scale bar: 1 mm.

Fig. 3. Inclusions paléobiologiques dans les ambres du Crétacé inférieur d’Espagne. (A) Hyphe de champignon, ambre de La Hoya, Cortes de
Arends, bassin du Maestrat, coll. MGUYV, échelle : 0,1 mm. (B) Isopode, ambre d’Alava, bassin Basque-Cantabrique, MCNA-9924, échelle : 1 mm.
(C) Crustacea Tanaidacea, ambre d’Alava, MCNA-12704, échelle : 1 mm. (D) Acari, Oribatida, Cepheidae, Eupterotegaeus bitranslamellatus, ambre
d’Alava, MCNA-9943a, échelle: 1 mm. (E) Pseudoscorpionida, ambre d’Alava, MCNA-13271, échelle: 1 mm. (F) Arancae, ambre de San Just,
bassin du Maestrat, Coll. CPT, échelle: 1 mm. (G) Collembola Isotomidae, Cryptopygus sp., ambre d’Alava, MCNA-9273, échelle: 0,25 mm.
(H) Spécimen d’archaeognathe, ambre d’Alava, MCNA-8638, échelle: 1 mm. (I) Adulte de blattidé, ambre de La Hoya, Coll. MGUYV, échelle :
1 mm. (J) Aile antérieure d’isoptére, ambre d’Alava, MCNA-12803, échelle : 1 mm. (K) Patte antérieure d’orthoptére Elcanidae, ambre d’Alava,
MCNA-9150, échelle: 0,5 mm. (L) Psocoptera Archaeotropidae, Archaeatropos alavensis, ambre d’Alava, MCNA-8640, échelle: 0,5 mm. (M)
Thysanoptera Stenurothripidae, ambre de San Just, CPT-971, échelle : 1 mm.
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habits. Carrion-beetles are composed by members of the
families Staphyllinidae and Scydmaenidae. Even if the
greater part of the latter families are usually found in
Cretaceous ambers, there are certain forms found in this
locality that are scarcely represented in other Mesozoic
outcrops, such as Scirtidae (Fig. 4D) and Ptilodactyl-
idae, whose adults are terrestrial, but present aquatic
herbivorous larvae, and family Dascillidae, whose com-
paratively large body size makes their record in resins
poor. At the moment, the San Just outcrop has only
yielded one beetle specimen, identified as a member of
the family Cucujidae [39]. Up to now, no members of the
Archostemata or Adephaga suborders have been found
in the Spanish ambers.

7.3.3.10. Hymenoptera. Two groups of Hymenoptera
have been discovered, Symphyta and Apocrita [32,33].
Symphyta is represented by a single specimen of
Anaxyelidae (Fig. 4E) and represents the latest record for
this wood-boring Mesozoic family, except for a unique
extant species found from California to southern cen-
tral British Columbia. This specimen is the only one
found in ambers and probably belongs to the genus
Eosyntexis. The Apocrita is divided into Parasitica and
Aculeata. The hymenopterans found in the Spanish
ambers, as for all the Mesozoic ambers, belong mainly
to Parasitica, with nine families recognized: Orussidae,
Trigonalidae, Evaniidae, pre-Megaspilidae, Scelionidae,
Stigmaphronidae, Serphitidae, Mymarommatidae, and
Braconidae. Members are primary parasitoids or hyper-
parasitoids to other insect adults, larvae or eggs, or
arthropods. Aculeata make up 4% of hymenopterans and
belong to three or four families: Sphecidae, Chrysididae,
Bethylidae, and possibly a new family of the superfamily
Chrysidoidea.

Orussids are extremely scarce in the fossil record.
Some individuals are found in the Spanish amber, and
represent the earliest species of the family [56]. Recent
orussids have a diet of woodboring insect larvae, primar-
ily coleopterans. Trigonalids appear during the Lower
Cretaceous, but are rare as amber inclusions, although
common in compression fossil sites; the specimens
found in Spanish ambers are the earliest representatives
of the family (Fig. 4F). Evaniidae is another family that
appears for the first time in the Lower Cretaceous record.
The species of basal evaniids do not show all the synapo-
morphies of the recent representatives of the family,
mainly related to the wing venation, antennal morphol-
ogy and ovipositor length [21]. Four different species
of the genera Cretevania and Protoparevania are rec-
ognized, which are close to those previously found in
the Lebanese amber. The genus Cretevania is present
in the ambers of Alava, San Just (Fig. 4G), Arroyo de
la Pascueta and La Hoya. Only a few Megaspilids are
found in the Cretaceous ambers. The specimens from
Spanish ambers show some wing and body characters
that are not observed in other fossil or recent forms;
before their study, these forms have been named as pre-
Megaspilidae group. Species of Stigmaphronidae are
exclusive from the Cretaceous and are the second largest
family collected (18% of hymenopterans). It appeared
and developed profusely during the Lower Cretaceous,
but decreased during the Late Cretaceous. Scelionidae
is the largest hymenopteran family occurring in these
ambers, which is recorded in six out of the seven sites,
with more than 58% of hymenopteran individuals col-
lected, and with more than five species represented.
This family of parasitic wasps appears frequently in
the Lower Cretaceous ambers, but decreases in impor-
tance in the Upper Cretaceous. Serphitidae is a fossil

Fig. 4. Diverse zoological inclusions in Spanish Lower Cretaceous ambers. (A) Heteropteran Tingoidea, Alava amber, Basco-Cantabrian Basin,
MNCA-10656, scale bar: 0.5 mm. (B) Homoptera Cicadomorpha, San Just amber, Maestrat Basin, CPT. Coll., scale bar: 1 mm. (C) Coleoptera
Elateridae, Alava amber, MNCA-9734, scale bar: 1 mm. (D) Coleoptera Scirtidae, Alava amber, MCNA-8995, scale bar: 1 mm. (E) Hymenoptera
Anaxyelidae, Alava amber, MCNA-8756, scale bar: 1 mm. (F) Hymenoptera Trigonalidae, Alava amber, MCNA-9928, scale bar: 1 mm. (G)
Hymenoptera Evaniidae, San Just amber, CPT-960, scale bar: 1 mm. (H) Hymenoptera Braconidae, San Just amber, CPT Coll., scale bar: 0.5 mm.
(I) Lepidoptera Micropterygidae, Alava amber, MCNA-8642, scale bar: 0.5 mm. (J) Diptera Hybotidae, El Caleyu amber, Central Asturian Depres-
sion, MUO Coll., scale bar: 1 mm. (K) Diptera Psychodidae, Alava amber, MCNA-8647, scale bar: 1 mm. (L) Diptera Cecidomyiidae, Elrxo
cretaceous, Alava amber, MCNA-8824, scale bar: 0.25 mm. (M) Diptera Mycetophilidae and Ceratopogonidae, San Just amber, CPT Coll., scale
bar: 1 mm. (N) Isolated feather, Alava amber, MCNA-13332, scale bar: 1 mm.

Fig. 4. Inclusions zoologiques dans les ambres du Crétacé inférieur d’Espagne. (A) Heteroptera Tingoidea, ambre d’Alava, bassin Basque-
Cantabrique, MNCA-10656, échelle : 0,5 mm. (B) Homoptera Cicadomorpha, ambre de San Just, bassin du Maestrat, Coll. CPT, échelle : 1 mm. (C)
Coleoptera Elateridae, ambre d’Alava, MNCA-9734, échelle : 1 mm. (D) Coleoptera Scirtidae, ambre d’Alava, MCNA-8995, échelle : 1 mm. (E)
Hymenoptera Anaxyelidae, ambre d’Alava, MCNA-8756, échelle : 1 mm. (F) Hymenoptera Trigonalidae, ambre d’Alava, MCNA-9928, échelle :
1 mm. (G) Hymenoptera Evaniidae, ambre de San Just, CPT-960, échelle : 1 mm. (H) Hymenoptera Braconidae, ambre de San Just, Coll. CPT,
échelle: 0,5mm. (I) Lepidoptera Micropterygidae, ambre d’ Alava, MCNA-8642, échelle : 0,5 mm. (J) Diptera Hybotidae, ambre de El Caleyu,
dépression centrale Asturienne, Coll. MUO, échelle : 1 mm. (K) Diptera Psychodidae, ambre d’Alava, MCNA-8647, échelle: 1 mm. (L) Diptera
Cecidomyiidae, Eltxo cretaceous, ambre d’Alava, MCNA-8824, échelle : 0,25 mm. (M) Diptera Mycetophilidae et Ceratopogonidae, ambre de San
Just, Coll. CPT, échelle : 1 mm. (N) Plume isolée, ambre d’Alava, MCNA-13332, échelle : 1 mm.
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family also restricted to the Cretaceous. Two out of
the only three known genera (Aposerphites and Ser-
phites) appear in Spanish ambers. Other specimens show
a set of characters which are used to differentiate the
Recent Mymarommatidae from other families of Chalci-
doidea, such as Mymaridae. These specimens may allow
an accurate analysis of the phylogenetic relationship
within these groups. Braconidae is another new group
that appears during the Lower Early Cretaceous, as Ten-
thredinidae, Ichneumonidae, Proctotrupidae, Cynipidae,
Chalcidoidea, Pompilidae, Vespoidae, Scelionidae, and
Sphecidae, which are characteristic of present-day com-
munities. This group of hymenopterans is only found in
the Moraza—Pefiacerrada amber (Fig. 4H).

Chrysididae is the best represented Aculeata family
in the amber of Pefiacerrada—Moraza, and all individuals
seem to belong to the Cleptinae subfamily. Species of this
family are abundant during the Early Cretaceous, mainly
in compression deposits, constituting a minor group in
amber. Some of the individuals seem to belong to a
new family of Chrysidoidea. Species of Bethylidae are
commonly found in ambers since the Early Cretaceous.
Nevertheless, they did not become dominant before the
Late Cretaceous. Sphecidae species are more common
in the Lower Cretaceous deposits than in the Upper Cre-
taceous and Tertiary ones. Four, possibly five individuals
are found, but they have an unusual wing venation.

7.3.3.11. Lepidoptera. Moths are well represented in
Alava amber with about 25 specimens found. All of them
are rather ‘primitive’, with functional mandibles, belong-
ing to the family Micropterygidae (Fig. 41).

7.3.3.12. Diptera. True flies and mosquitoes are by far
the best represented order in the amber outcrops, almost
reaching 38% of all biological inclusions (Fig. 2). Sev-
eral families are recognized and some of them have
already been studied. The order is divided into two clas-
sical groups: Nematocera and Brachycera, both being
represented in Spanish ambers. Nematocerans are rep-
resented by at least nine families: Limoniidae, Psy-
chodidae, Chironomidae, Ceratopogonidae, Cecidomyi-
idae, Anisopodidae, Scatopsidae, Mycetophilidae, and
Keroplatidae; some other specimens of the Sciaroidea
have also been found. Brachycerans are represented
by five families: Hybotidae, Phoridae, Dolichopodi-
dae, Lonchopteridae, and Rhagionidae. The majority
of them came from the Pefiacerrada—Moraza ambers
but some families, such as Ceratopogonidae, Empi-
didae/Hybotidae, Dolichopodidae, Chironomidae and
Mycetophilidae, are also found in other Spanish ambers
(El Caleyu, San Just and La Hoya).

The family Limoniidae is represented by more than
10 specimens in the Alava amber and shows a great
diversity; the larvae are associated with wet environ-
ments. Chironomidae are rather frequent but still remain
unstudied; their larvae are aquatic and detritivorous, and
the adults usually develop in swamps. Ceratopogonidae
are very common in the Alava amber and have recently
been found in the San Just amber also (Fig. 4M); sev-
eral species have been described: Archiaustroconops
alavensis and Protoculicoides skalskii (with long pro-
boscis and haematophagous habits) [53], and Lepro-
conops zherikhini [54]. The genus Austroconops has
also been recorded. Ceratopogonids have diverse habits
with aquatic to terrestrial larvae; some adults can be
haematophagous, others carnivorous and some feed on
the nectar of flowers. Psychodidae are very frequent in
Alava amber (Fig. 4K) but probably most of them belong
to a single species close to the genus Eophlebotomus; the
larvae of psychodids live in wet environments, and some
species have haematophagous habits. Cecidomyiidae has
barely appeared in the Alava amber, but all the speci-
mens have been studied (Fig. 4L); the larvae are usually
mycophagal, and develop in decaying organic matter.
The forms already recognized are: Cretohaplusia ortunoi
and Eltxo cretaceous [5], Alavamanota hispanica and
Allocotocera xavieri from the family Mycetophilidae
[17], and Hegalari antzinako and H. minor, belong-
ing to the family Keroplatidae [17]; other specimens of
Mycetophilidae are also found in San Just (Fig. 4M);
this group is mainly mycophagal. Further specimens
of Sciaroidea have been studied [8], but are still unde-
scribed. Families Anisopodidae and Scatopsidae have
also been recognized, but still remain undescribed; the
larvae of both anisopodids and scatopsids are sapropha-
gal from decaying organic matter. Family Bibionidae
was first reported [1], but it was indeed erroneously
recognized and remains to date unknown in Spanish
ambers.

Brachycera present a high diversity in Alava amber,
but the greater part of the specimens are still under study.
Species already described are: Alavesia subiasi from the
Hybotidae family [55] (this genus is also represented
in El Caleyu amber, Fig. 4)), and Euliphora grimaldii
from the family Phoridae [4]. Other Brachycera have
been recognized as close to the genera Microphorites
(Dolichopodidae) and Chimeromyia (undetermined fam-
ily), but are still unpublished. The genus Microphorites
is also represented in the San Just amber. Specimens
of the families Lonchopteridae that live on decay-
ing organic matter, and Rhagionidae (with carnivo-
rous larvae inhabiting stagnant waters) have also been
recognized.
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7.3.3.13. Other orders with scarce and unstudied
recorded data. Ten fragments of termite wings are rec-
ognized in Alava amber (Fig. 3J); to date no complete
specimens have been found. Only one specimen of Ple-
coptera, or stone flies, has been recently recorded in the
Alava amber. Neuropterans are rare, with only 16 adult
specimens and one larva found in the Alava amber. Three
very fragmentary specimens are believed to belong to
the order Raphidioptera, but further studies are needed.
Lastly, five individuals of caddisflies have been found in
the Alava amber.

7.4. Vertebrates

Vertebrates are only represented by a small number
of little feathers from dinosaurs or Aves in the amber
of Pefiacerrada—Moraza (Fig. 4N). This material is cur-
rently under study.

8. Conclusions

Mesozoic amber-bearing deposits have been tradi-
tionally considered as scarce in the geological record,
but several new amber outcrops have been discovered
around the world in the last few years. In Spain, more
than 100 localities of Early Cretaceous age have been
located, seven of them with palaeobiological inclusions.
All these outcrops are located in a strip curve that corre-
sponded to the coastal line during the Early Cretaceous
(in deltaic and swamp environments).

The geochemical analysis of the fossiliferous amber
indicates Agathis or another genus close to Coniferales
as one of the resin producers.

Plants are not only preserved in the amber, they
are also preserved in the sediments. This circumstance
allows the reconstruction of the ancient forests where
the fauna later preserved in the amber developed. These
forests were formed by different groups of Coniferales,
with a rich undergrowth of ferns, other gymnosperms
and angiosperms.

Outcrops from Alava have been more exhaustively
sampled than the rest of the amber-bearing outcrops, but
the fauna assemblage found in all the outcrops preserves
some similarities. As in the greater part of the amber
faunas, the one recorded from the Spanish Lower Cre-
taceous localities is dominated by arthropods, mainly
hexapods, and among them dipterans, hymenopterans,
and coleopterans. The greater part of the animals found
in the amber is related to trees, both directly (wood-
eating or saproxylic forms such as some dipterans and
beetles) and indirectly (parasitoids or hunters on the
forms related with the wood, as hymenopterans or spi-

ders). Other forms suggest a root-produced resin, with
the important presence of litter forms, such as springtails
or isopods. In the Spanish amber, sites, there is also an
important record of forms related to water during their
larval stages (such as some beetles or dipterans groups),
which suggests a certain proximity with at least partially
inundated areas.

Finally, and as shown by the current knowledge of
the amber-bearing localities from the Spanish Lower
Cretaceous, with well-preserved, abundant and diverse
palaeoflora and palaeofauna, and the discovery of more
than a hundred new localities, the collection of new
amber samples in these outcrops and the study of their
palaeobiological content will allow the reconstruction of
the forests that evolved during this period in Spain.
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