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KEYNOTES 

 

 

Amber observations and modern resin experiments 

 

Leyla Seyfullah1* 

 

1Department of Palaeontology, University of Vienna, 1090 Vienna, Austria 

*Email: leyla.seyfullah@univie.ac.at 

 

There is a key question in the background of how we can interpret ‘amber forest ecosystems’. 

Why did plants at certain times, and in certain places, produce so much resin that it could 

become preserved as amber? We need to keep the plants, and how they behaved, in our 

minds as we try to understand the ecosystems responsible for our biological inclusions in 

amber. This focus on the plants helps us interpret the conditions for the all taxa we discover in 

amber. Are these inclusions derived from stable ecosystems, perhaps indicating a long 

duration of the ‘amber source forest’ with a steady background of low amounts of resin 

production? Or, are they instead the result of a disturbance, perhaps indicating a far shorter 

time scale or 'snapshot', and that the resin production was strongly, but briefly, increased? We 

will explore whether there is there any way to try to tell these contrasting conditions apart. 

Experiments with modern resinous plants are helping us to understand what really affects resin 

chemistry and and what causes its variability, and how this is applicable to ambers. We will 

also look at the feasibility of using ambers as a proxy for palaeoatmospheric reconstructions. 
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Scanning the past - SRμCT as a tool in modern Palaeoentomology  

 

Jörg Hammel1* 

 

Institute of Materials Research, Helmholtz-Zentrum Geesthacht, Outstation at DESY, 

Building 25c Notkestr. 85, Hamburg, D-22607, Germany 

*Email: joerg.hammel@hzg.de 
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What’s the buzz from the ancient bees? 

 

Michael Engel1,2* 

 

1Division of Entomology, Natural History Museum, and Department of Ecology & Evolutionary 

Biology, 1501 Crestline Drive – Suite 140, University of Kansas, Lawrence, Kansas 66045-

4415, USA  

 

2Division of Invertebrate Zoology, American Museum of Natural History, Central Park West at 

79th Street, New York, New York 10024-5192, USA  

*Email: msengel@ku.edu 

 

Bees are today’s preeminent pollinators, with a modern global diversity of over 20,400 

described species.  Understanding the history of this critical lineage is vital for determining 

those events which have shaped their evolution.  Regrettably, the fossil record of bees is 

comparatively scant, scarcely amounting to 200 documented fossil species or barely 1% of 

today’s fauna and an inconsequential fraction of the total diversity that must have existed 

during the last 120 million years.  Most occurrences are confined to the middle Cenozoic and 

these are chiefly dominated by individuals from the social lineages, the result of large colony 

sizes with abundant worker forces, despite social bees comprising scarcely more than 5% of 

bee diversity.  Such biases have led some toward tendentious readings of bee history, placing 

much emphasis on apparent absences and artificial abundances, rather than considering 

sampling prejudices emanating from taphonomy and ecology and acknowledging the 

epistemological bounds that must confine our interpretations until further data are 

securable.  Although we look through a glass darkly, there remain insights to be garnered from 

the few taxa represented and how each progressively and steadily spans our rifts in 

knowledge: from filling unexpected biogeographic voids to an adumbration of bygone lineages 

and biological phenomena.  A brief consideration of the Cenozoic history of bees provides 

examples of what we know and where we need to go. 
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TALKS 

 

Fly palaeo-evo-devo: reconstructing ontogeny and growth of fossil 

window gnats (Diptera: Anisopodidae) 

 

Viktor A. Baranov1*, Joachim T. Haug1 

 

1Workgroup Functional morphology; Department Biologie II, LMU München, Biozentrum, 

Großhaderner Str. 2, 82152 Planegg-Martinsried, Germany 

*Email: baranowiktor@gmail.com 

 

Fossil immature stages of the holometabolous insects are often seen as obsolete 

paleontological record. This is caused by the implicit bias of contemporary paleoentomology 

towards alpha-diversity and new taxa description, most often done in insects based on the 

adult males. Flies (Diptera), whose larvae are immensely important in performing quite a 

number of key ecosystem functions, from carbon sequestering to stabilization of the lake 

bottom sediments and reducing water turbidity. Still these larvae appear especially neglected. 

That leads to the misguided believe that fossil immatures of Diptera are rare in the fossil 

records. Despite that, our targeted search for dipteran larvae and pupae in several amber 

collections has yielded hundreds of specimens of larvae and pupa from various ingroups of 

Diptera. 

Here we report first results of the examination of more than 50 larvae and 15 pupae of window 

gnats (Mycetobia sp, Anisopodidae, Diptera) from Baltic amber. We have strived to identify the 

number of the larval stages and growth rate of fossil window gnats. To do so we applied Dyar's 

rule to the dataset with morphometrics of the head capsules of the larvae. Dyar's rule is a 

description of growth Euarthropoda, when body length increases between the larval molt. It is 

characterised by a permanent factor (i.e. x3 increase after each molt). Applying Dyar's rule 

and calculating growth factor for the head capsule of larvae is within the range of 0.58-0.67. 

We also have identified that as extant forms of Anisopodidae, fossil larvae of Mycetobia 

developed through four instars. This study shows, how attention to fossil immatures of insects 

can reveal exquisite details about lifestyle and ontogeny of animals from the deep time. 
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Raman analyses of beetles from Madagascar copal 

 

H. Jonas Barthel1*, Tina Menneken2 

 

1Institut für Geowissenschaften, Abteilung Paläontologie, Rheinische Friedrich-Wilhelms-

Universität Bonn, Nussallee 8, 53115 Bonn 

2Institut für Geowissenschaften, Abteilung Geochemie, Rheinische Friedrich-Wilhelms-

Universität Bonn, Nussallee 8, 53115 Bonn 

*Email: jbarthel@uni-bonn.de 

 

Copal and amber occur in deposits of various ages around the world and are important sources 

of terrestrial fossil arthropods. In contrast to amber, little research has focused on the 

preservation of inclusions in copal because they are not deemed old enough to be of any 

significance. Copal is subfossilized resin and represents a diagenetic precursor of amber. To 

understand how amber is capable to fossilize organ systems and their associated tissues over 

geological time scales, it is crucial to investigate the taphonomy of copal inclusions. 

We examined wood boring beetles (Platypodidae) from Quaternary Madagascar copal using 

Raman spectroscopy to get an insight on the early stage of decay in a resinous matrix. The 

spectra point to the presence of amino acids like Phenylalanine and other organic residues in 

the soft tissue, implying a young age of the inclusions, probably a few years old. Our data 

provide an initial base for the interpretation of copal inclusion spectra and can help to identify 

bands of older and more altered inclusions from amber.  

 

 

Psychopsidenlarven damals und heute – 

„Langnasenameisenlöwen“ im Wandel der Zeit 

 

Gideon T. Haug und Palaeo-Evo-Devo-Team1* 

 

1Ludwig-Maximilians-Universität München, Biocenter, Department Biologie II, Großhaderner 

Straße 2, 82152 Planegg-Martinsried 

*Email: joachim.haug@palaeo-evo-devo.info 

 

Wie inzwischen allgemein bekannt, hat die Vielfalt innerhalb der Insekten in letzter Zeit 

besorgniserregend abgenommen. Die Frage lautet nun: Warum? Um eine Antwort auf diese 
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Frage zu finden können wir vergleichbare Prozesse aus vergangener Zeit betrachten. Wir 

verwenden hier die Gruppe Psychopsidae als Beispiel. Psychopsidae ist eine Innengruppe der 

Gruppe Neuroptera (auch Planipennia), genauer eine Innengruppe der Gruppe 

Myrmeleontiformia, also der Ameisenlöwen-artigen. Psychopsidae umfasst lediglich 26 Arten 

in der modernen Fauna. Psychopsidenlarven können leicht durch drei Merkmale in 

Kombination mit einem ameisenlöwenartigen Aussehen erkannt werden: 1) ein prominent 

hervorspringendes Labrum; 2) eine lange Sete am Ende jeder Antenne; 3) ein 

fanfarenförmiges Empodium (Haftstruktur) am distalen Ende jedes Laufbeins. Für einen 

Vergleich der Formenvielfalt innerhalb der Gruupe Psychopsidae im Laufe der Zeit haben wir 

alle verfügbaren Abbildungen fossiler und rezenter Psychopsidenlarven aus der Literatur 

reproduziert und interpretiert. Des Weiteren haben wir zahlreiche zusätzliche fossile 

Psychopsidenlarven in Bernstein hochauflösend unter dem Digitalmikroskop dokumentiert. 

Die zusammengetragene Stichprobe umfasst mehrere Dutzend Individuen und dabei deutlich 

mehr fossile Larven als rezente. Für alle Psychopsidenlarven aus drei Gruppen – rezente 

Larven, eozäne Larven aus baltischem Bernstein und kretazische Larven aus burmesischem 

und französischem Bernstein – wurden die Kopfumrisse (mit Labrum) erfasst und als 

Grundlage für eine Formanalyse verwendet. Diese Analyse zeigt, dass die Formenvielfalt der 

Larven in der Vergangenheit um einiges größer war als sie heute ist. Wir diskutieren 

verschiedene mögliche Gründe für diese Unterschiede und die Verallgemeinerbarkeit und 

Aussagekraft der Methode. 

 

 

LEON – die kindische Seite der Paläoentomologie 

 

Joachim T. Haug* 

 

Ludwig-Maximilians-Universität München, Biocenter, Department Biologie II, Großhaderner 

Straße 2, 82152 Planegg-Martinsried 

*Email: joachim.haug@palaeo-evo-devo.info 

 

Viele holometabole Insekten verbringen einen großen Teil ihres Lebens in der Form einer 

Larve, bei vielen ist es sogar der größte Teil ihres Lebens. Somit ist es zu einem gewissen 

Grad verwunderlich, dass sich die Entomologie in vielen Bereichen immer noch auf den Adult 

(das Imago) konzentriert, wohingegen die Larven in vielen Gruppen doch eher stiefmütterlich 

behandelt werden. Das Phänomen findet sich auch in der Paläoentomologie. Larven 

erscheinen hier manchmal als eine Art „Fossilien zweiter Klasse“, obwohl es immer wieder 
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erfreuliche Ausnahmen gibt. Auch ich möchte hier eine Lanze für die „kindische Seite“ der 

Paläoentomologie brechen. Wenn auch Larven von der taxonomischen Betrachtung her eine 

größere Herausforderung darstellen als ihre ausgewachsenen Gegenstücke, so erlauben sie 

uns doch tiefe Einblicke in die Lebenszyklen und -gewohnheiten heute ausgestorbener 

Organismen. Ich möchte mich dabei auf Superlative innerhalb der Gruppe Neuropteriformia, 

vor allem der Käfer (Coleoptera) und der Netzflügler (Neuroptera oder Planipennia) 

konzentrieren. Hierbei zeige ich Fossilien aus verschiedenen Bernsteinvorkommen, aber auch 

„in Stein“ erhaltene Tiere, darunter: 1) die ältesten Vorkommen bestimmter Larventypen, 2) 

Larven mit ungewöhnlich überlangen Mundwerkzeugen oder anderen Körperanhängen und -

strukturen, sowie 3) Larven mit heute unbekannten Merkmalskombinationen. Diese 

„Super(lativ)-Larven“ zeigen auf eindrucksvolle Weise, wie die Veränderung der Vielfalt im 

Laufe der Zeit sich nicht nur in der Anzahl von Arten oder der Veränderung der Flügeläderung 

erwachsener Insekten niederschlägt, sondern auch in der oft unerwarteten Vielgestaltigkeit 

der Larvenformen heute ausgestorbener Insektenarten.  

 

 

Flöhe (Siphonaptera) im Baltischen Bernstein - Fakten und Fragen 

 

Christel Hoffeins* 

 

Arbeitskreis Bernstein, Bünebüttler Weg 7, 21509 Glinde, Germany 

*Email: chw.hoffeins@googlemail.com 

 

Flöhe sind im eozänen Baltischen Bernstein sehr selten. Bisher wurden in der Gattung 

Palaeopsylla (Ctenophthalmidae) 4 Arten beschrieben. Aktuell bekannt sind sieben Individuen. 

Erstmals wird auf die im IX. Abdominalsegment verborgenen männlichen Genitalstrukturen 

hingewiesen, welche mittels moderner Untersuchungsmethoden dargestellt und für eine 

Revision interpretiert werden müssten. 
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A spectacular upper carboniferous lake deposit from the Piesberg 

near Osnabrück (Lower Saxony, Germany) 

 

Angelika Leipner* 

 

Museum am Schölerberg, Klaus-Strick-Weg 10, 49082 Osnabrück, Germany 

*Email: leipner@osnabrueck.de 

 

In the late summer of 2018 an unusual claystone layer without a coal seam at the base was 

exposed in the Piesberg quarry. Quickly it turned out that the new sediment varies from the 

normal carboniferous mire claystone in sedimentation and fossil-bearing aspects. This 

freshwater lake deposit shows new faunal and floral elements for the Piesberg site and 

differences in the frequency of plants and animals. The main focus of this presentation are the 

arthropod fossils. 

 

 

Evolution of Euarthropodan grasping appendages  

 

Paula G. Pazinato1*, Joachim T. Haug1, Carolin Haug1 

 
1Department of Biology II, Ludwig-Maximilians-Universität München, Planegg-Martinsried, 
Germany.  
*Email: paula.pazinato@palaeo-evo-devo.info 
 

 
Euarthropoda is an extremely diverse and a successful group of animals. Its representatives 

were able to colonize practically all environments, aquatic, terrestrial and even aerial ones. 

The specialization of a large number of appendages seems to be at least partly responsible 

for the great success of the group Euarthropoda. Among the many types of morpho-functional 

specializations there are different types of grasping appendages in many lineages of 

Euarthropoda. Normally, such structures are formed by a distal element of an appendage that 

occludes against a more proximal element, resulting in a mechanism used for grasping food, 

to facilitate copulation or to attach to a host. In extant representatives of Euarthropoda we can 

find at least four types of grasping structures: 1) true chela, formed by the elongation (fixed 

finger) of one side of the penultimate element, and the terminal element acting as a movable 

finger, 2) pseudo-chela, resembling the chela, but the fixed finger is significantly shorter than 
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the movable one, resulting in a different type of occlusion, 3) sub-chela, with a simple, more 

proximal element, and a curved distal element which folds back in the direction to the more 

proximal element (“jack-knifing”), and 4) carpo-chela, a rare configuration in which the ante-

penultimate element additionally has a fixed finger, acting together with a more distal sub-

chela. Within Euarthropoda grasping structures appear especially prominent among 

crustaceans. From very early on in the crustacean evolutionary history, we find preservation 

of grasping appendages, for example, among representatives of Peracarida (including 

opossum shrimps and woodlice), Hoplocarida (mantis shrimps) and Decapoda (shrimps, 

lobsters and crabs), but also Insecta (as a very species rich crustacean ingroup).  

 

We present new material of fossil crustaceans that show remarkable sub-chelate appendages. 

One species is a representative of Peracarida from the Tithonian (Upper Jurassic) of 

Franconia, Germany. Specimens were documented with modern imaging techniques and 

revealed extraordinary details of the morphology of a prominent sub-chela. The penultimate 

element is heavily armed with long spines, the enclosing distal element bears smaller spines. 

The position of the sub-chelate appendage is unusual for crustaceans. Usually, grasping 

appendages are positioned anteriorly on the body, on post-ocular segments 4, 5 and 6, i.e. 

maxillula, maxilla and maxilliped, since they are mostly related to grasping and processing 

food, or at least on the anterior trunk segments. In the fossil species, however, the sub-chelate 

appendage arises from trunk segment 7. Another species is a representative of Insecta, more 

exactly Polyneoptera, preserved in Burmese amber. It possesses two pairs of sub-chelate 

grasping appendages arising from trunk segments 1 and 2 (pro- and mesothorax). We provide 

an overview over the occurrence of sub-chelate appendages in Euarthropoda in order to show 

the uniqueness of the new fossils.  
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Fossils from the pollinator family of short-winged flower beetle 

(Coleoptera: Kateretidae) 

 

David Peris1* 

 

1Section Palaeontology, Institute of Geosciences, Rheinische Friedrich-Wilhelms-Universität 

Bonn, Nussallee 8, 53115 Bonn, Germany 

*Email: daperce@gmail.com 

 
Kateretidae is a current, relatively small family of beetles, with less than 100 extant species 

described. Fossil species in the family are already known in the Lebanese amber, and the 

number of species described from amber deposits are increasingly numerous. Recent samples 

found from Kachin (mid-Cretaceous, Myanmar) have allowed us to describe important aspects 

about the evolution and ecology of this family, currently with angiosperm pollinating habits. 

 

 

Diverse Fagaceae from Eocene Baltic amber 

 

Eva-Maria Sadowski1*, Alexander R. Schmidt2 and Thomas Denk3 

 

1Museum für Naturkunde, Leibniz Institute for Evolution and Biodiversity Science, 

Invalidenstraße 43, 10115 Berlin, Germany 

2Department of Geobiology, University of Göttingen, Goldschmidtstraße 3, 37077 Göttingen, 

Germany 

3Department of Palaeobiology, Swedish Museum of Natural History, Box 50007, 10405 

Stockholm, Sweden 

*Email: eva-maria.sadowski@mfn.berlin 

 

Inclusions of staminate inflorescences with affinities to Fagaceae (oak family) frequently occur 

in Eocene Baltic amber. The taxonomic affinities and the diversity of these catkins have been 

poorly resolved and most previous accounts assigned them to modern European genera 

(Quercus, Castanea). Therefore, we reviewed inclusions of staminate inflorescences and 

detached florets of the Fagaceae from historic Baltic amber collections and from new material, 

including analyses of in-situ pollen extracted from the stamens of the catkins. Moreover, we 

studied herbarium specimens of Fagaceae taxa to assess the morphology of extant staminate 
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inflorescences and to search for genus diagnostic features. In combination with pollen 

morphology, relevant key features of fagaceous catkins, such as the number of stamens, the 

anther morphology and perigon shape, helped distinguishing between species of the 

Fagaceae. We found evidence for the presence of Quercus sections Lobatae and 

Protobalanus, the Castaneoideae and the extinct genus Eotrigonobalanus. Two staminate 

catkins showed relevant characteristics of the subfamily Trigonobalanoideae. Hence, our study 

revealed that the Fagaceae from Baltic amber were very diverse, showing affinities to North 

American and East Asian to Southeast Asian warm-temperate floras. In addition, based on the 

stiff inflorescence axis and thick and continuous foot layer of the pollen wall in castaneoid 

remains (including Castanopsis), these taxa were likely insect pollinated as they are today. In 

contrast, the diverse oaks and the extinct genus Eotrigonobalanus were likely wind pollinated 

despite some oaks and Eotrigonobalanus retained the plesiomorphic thick footlayer.     

 

 

Past and present interactions of insects and fungi in resinous 

environments 

 

Alexander R. Schmidt1*, Luka S. Nierhoff1, Christina Beimforde1 & Jouko Rikkinen2,3 

 

1Department of Geobiology, University of Göttingen, Goldschmidtstraβe 3, 37077, Göttingen, 

Germany 

2Finnish Museum of Natural History, P.O Box 7, 00014 University of Helsinki, Helsinki, 

Finland 

3Organismal and Evolutionary Biology Research Programme, Faculty of Biological and 

Environmental Sciences, P.O Box 65, 00014 University of Helsinki, Helsinki, Finland 

*Email: alexander.schmidt@geo.uni-goettingen.de 

 

Tree trunks of Araucariaceae and Pinaceae provide suitable habitats for resinicolous 

ascomycetes of several different families including Mycocaliciaceae and Bruceomycetaceae. 

In addition, some lichenized calicioid fungi can often co-occur with resinicolous fungi. Many of 

these distantly related ascomycetes produce perennial stalked ascomata with a persistent 

spore-mass (mazaedium) at the tip. It is assumed that the exposed mazaedium is 

advantageous for fungal dispersal as the roughly ornamented ascospores can easily become 

attached to bark-dwelling insects and other animals. Yet, so far insect-mediated spore 

dispersal in calicioids has not been directly observed in the field nor has it been tested 
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experimentally. Thus, we used calicioid species from three families (Caliciaceae, 

Coniocybaceae, Mycocaliciaceae) to test if insect-mediated spore dispersal is possible in 

these fungi. Calicioid spores became attached to and were transported by all four insect 

species used in the experiments, demonstrating that A) insect-mediated transport is possible, 

and B) individual calicioid species do not necessarily require specific insect vectors. 

 Resinicolous calicioids may also benefit from insects in other ways. Wood-boring insect 

larvae can induce ample outpourings of suitable resin substrate. We describe one example 

from Araucaria humboldtensis on Mont Humboldt in New Caledonia with extensive resin 

exudation induced by two native beetle species. The exudate is colonized by a resinicolous 

and likely insect-vectored ascomycete, Resinogalea humboldtensis, which is only known from 

Mont Humboldt. The fungus grows into fresh resin and eventually develops ascomata on the 

surface of solidifying resin. The solidified resin is also colonized by another fungus, a 

dematiaceous hyphomycete. 

 Findings of diverse calicioids from European Paleogene amber demonstrate that key 

features in the morphology of these organisms have not changed since at least the Eocene, 

indicating that also their fundamental niches have remained stable. 

 

 

Schaßbach – eine neue Fundstelle für gut erhaltene 

Insektenfossilien aus dem Miozän von Kärnten (Österreich) 

 

Mario Schädel1*, Thomas Lechner2 

 

1Zoomorphologie, Department Biologie II, Ludwig-Maximilians-Universität München, 

Großhaderner Str. 2, 82152 Planegg 

2Terrestrische Paläoklimatologie, Fachbereich für Geowissenschaften, Eberhard Karls 

Universität Tübingen, Sigwartstr. 10, 72076 Tübingen 

*Email: mario.schaedel@gmail.com 

 

Insekten machen einen Großteil der Biomasse in terrestrischen Ökosystemen aus und sind 

unverzichtbarer Bestandteil in fast allen Nahrungsnetzen. Daher eignen sich fossile Insekten 

gut, um Rückschlüsse auf vergangene Ökosysteme zu schließen. Jedoch sind ihre Überreste 

meist sehr fragil und daher anfällig gegenüber Bewegungen im Sediment. Ungestörte 

Bedingung während der Ablagerung und der Verfestigung des Gesteins sind deswegen 

ausschlaggebend für die Erhaltung von Insekten als Fossilien in Sedimenten. Wenn die 
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taphonomischen Bedingungen geeignet sind können fossile Insekten jedoch massenhaft 

auftreten.  

Um fossile Faunen quantitativ vergleichen zu können, sollten im Idealfall alle aufgesammelten 

Exemplare in die Analyse mit-einfließen. Aus unterschiedlichen Gründen, sind fossile 

Insektenfaunen in musealen Sammlungen jedoch meist nicht vollständig. Oft fehlen den 

Sammlungen prozentual die unscheinbaren oder massenhaft vorkommenden Exemplare, was 

eine Vergleichbarkeit von Faunen aus unterschiedlichen Fundstellen erheblich einschränkt. 

Für die Fundstelle Schaßbach bei Wolfsberg im Lavanttal in Kärnten wurde eine vollständige 

Aufsammlung aller Arthropoden angestrebt.  Die in der Tongrube bei Schaßbach 

aufgeschlossenen fein laminierten Ton- und Siltsteine stammen aus dem mittleren Miozän 

(Badenium, ca. 15 Millionen Jahre alt) und sind vor allem für die massenhaft vorkommenden 

fossilen Fische bekannt („Fischschiefer“). Vor den im Rahmen dieses Projekts durchgeführten 

Grabungen waren lediglich eine Hand voll Insektenfossilien aus der Fundstellen bekannt. 

Durch unsere Grabungen konnten über 370 Insektenfossilien geborgen werden. Durch die 

strikte Aufsammlung auch schlecht erhaltener Überreste, kann nun ein quantitativer Vergleich 

zu Fundstellen angestrebt werden, für die  es ebenfalls vollständige Sammlungen gibt. 

 

Age and origin of “Madagascar copal” 

 

Mónica M. Solórzano Kraemer1*, Enrique Peñalver2, Xavier Delclòsc3 

 

1Senckenberg Research Institute, 60325 Frankfurt am Main, Germany 

2Instituto Geológico y Minero de España (Museo Geominero), 46004 Valencia, Spain 

3Dept. Dinàmica de la Terra i de l’Oceà, Facultat de Ciències de la Terra, and Institut de 

Recerca de la Biodiversitat (IRBio), Universitat de Barcelona, 08028 Barcelona, Spain 

*Email: Monica.Solorzano-Kraemer@senckenberg.de 

 

Copal is considered an intermediate step of formation between resin and amber, or tree 

resin that is not completely fossilized. The “Madagascar copal" was originated from the 

leguminous tree Hymenaea verrucosa Gaertner, 1791, which produced and produces resin 

abundantly and lives today in the lowland coastal forests, one of the most endangered 

ecosystems in the world. In the last 20 years, interest has focused on the scientific study of its 

biological inclusions, mainly arthropods, up to now described in dozens of publications. The 

sedimentology of most of all copal deposits are not studied and the age is mentioned in the 

literature with a broad range. This is also the case of the Madagascar copal, which the age and 

origin of the deposits have not yet been resolved. We here present its geographical origin and 
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clarified its age, increasing in this way its importance as a source of biological information of a 

region recognized by a rapid loss of modern biodiversity.  

We did not find geological deposits in the island produced by this leguminous tree, most 

probably because geological deposits were negatively conditioned by the type of soil, the 

climate, and the development of soil/litter microorganisms, fungi and bacteria that apparently 

decomposed the resins in the litter and subsoil in relatively short time.  
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Scorpions in “space” – Wie Morphometrie hilft die Diversität der 

Skorpione besser zu verstehen 

 

Philipp Wagner1*, Joachim T. Haug1, Carolin Haug1 

 

1Ludwig-Maximilians-Universität München, Biocenter, Department Biologie II, Großhaderner 

Straße 2, 82152 Planegg-Martinsried 

*Email: p-wagner1@gmx.net 

 

Skorpione sind räuberische Arthropoden aus der Gruppe der Eucheliceraten. Aktuell sind ca. 

2.300 lebende Arten bekannt, allerdings gibt es auch einige Fossilfunde aus verschiedenen 

Zeitepochen, wobei die ältesten aus dem Silur (ca. 430 Millionen Jahre) stammen. Skorpione 

besiedeln weltweit diverse terrestrische Habitate und erreichen Körpergrößen von bis zu 20 

cm (Pandinus imperator). Allerdings sind auch sehr kleine Arten bekannt, die Körperlängen 

von nur ca. 1 cm erreichen (Typhlochactes mitchelli). Morphologische Diversität spiegelt sich 

jedoch nicht nur in der Körpergröße wieder, sondern auch in der Körperorganisation. 

Skorpione besitzen, wie auch alle anderen Arthropoden, einen segmentierten Körper. Mehrere 

dieser Segmente können wiederum in funktionellen Einheiten zusammengefasst sein, die 

Tagmata genannt werden. Diese Tagmata zeigen eine spezialisierte Morphologie um 

verschiedene Aufgaben auszuführen, beispielsweise laufen oder fressen. Innerhalb der 

Eucheliceraten zeigt vor allem der Übergangsbereich zwischen dem vordersten Tagma und 

dem darauf folgenden eine hohe morphologische Variabilität. In diesem Bereich sind 
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Segmente häufig komprimiert oder sie sind im Verlauf der Evolution in ein anderes Tagma 

integriert worden. Oftmals sind auch die Körperanhänge in diesem Bereich mit einer speziellen 

Morphologie ausdifferenziert. Dieser Übergangsbereich weist bei Skorpionen eine 

Kombination aller drei Möglichkeiten auf, was zu einer hoch komprimierten Körperregion mit 

schwierig zu unterscheidenden Segmenten führt. Um diese Segmente sowie deren 

Entwicklung besser zu verstehen wurde ein Ansatz basierend auf einem Morphospace 

verwendet. Morphospaces sind multi-dimensionale Räume, mit denen die Form eines 

Organismus bzw. in den meisten Fällen einzelner, spezieller Strukturen dieses Organismus 

beschrieben wird. Der Morphospace wird dabei anhand von Messungen der jeweiligen 

Strukturen erstellt. Gemessen werden verschiedene Längen und Breiten der Strukturen, wie 

zum Beispiel die Länge des Schildes oder die Breite des Rumpfes. Nach einer 

Größenkorrektur können diese Werte als Morphospace, welcher Informationen zur 

Körperorganisation und Tagmatisierung des Organismus beinhaltet, dargestellt werden. Durch 

den Einbezug von Fossilien, aber auch von unterschiedlichen ontogenetischen Stadien 

können zusätzliche Informationen über morphologische Veränderungen während der 

Evolutionsgeschichte und der Ontogenese von Skorpionen gewonnen werden. Hier 

präsentieren wir erste Ergebnisse dieses Ansatzes und diskutieren, was er zum Verständnis 

der Evolution der Skorpione beitragen kann. 
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Plants and insects are the two most species-rich groups, and together they make up most of 

Earth’s biodiversity. Given the strong positive correlation between the regional richness of plant 
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and insect species, and the fact that phytophagous insects constitute over a quarter of all 

macroscopic organisms it is apparent that interactions between these two groups are very 

important. As previous studies focused on the complexity of plant/insect associations during 

the Palaeogene, data about Cretaceous damages are much scarcer. Such data would be 

interesting in the light of the transition from the Mesophytic to the Cenophytic and the global 

turnover of insect assemblages in the mid-Cretaceous, which is thought to be associated with 

this transition. 

The Puy-Puy quarry, at Tonnay-Charente (Charente-Maritime, SW France) is a sand 

exploitation of uppermost Albian-lowermost Cenomanian age, preserving an outstanding 

accumulation of conifer and angiosperm remains associated to exceptionnally preserved 

invertebrates, verterbrates, and ichnofossils. Insect mediated damage was examined on 1605 

specimens. Of the total analyzed leaf-damage collection 357 leaves/leaf fragments, 

representing 22.1%, exhibit some kind of damage. Of these, 301 (84.3%) were damaged in 

one way, while the remaining 56 (15.7%) showed two or more forms of damage. Second in 

rank order is the broad-leaved coniferous foliage Dammarophyllum sp., representing in fact a 

lower proportion of damaged leaves (23.4%) but also with an elevated level of consumption 

(34 DTs). Interestingly, harboring specialized interaction (DT280), representing a leaf miner 

targeting the parenchyma. So far only known from the broad-leaved conifer Liaoningcladus 

boii from the mid Early Cretaceous Yixian Formation. 
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Insects from the Messel pit fossil site can be taken as examples for the evolution and high 

biodiversity of insects during the Eocene. The Messel Pit Fossil site is a UNESCO world natural 

heritage site since 1995, and its maar lake sediments preserve a highly diverse flora and fauna. 

The collection of fossil Messel insects of the Senckenberg research institution comprises 

around 18 000 specimens. 

The record of terrestrial insects from Messel is strongly dominated by weevils (Curculionoidea), 

but click beetles (Elateridae), jewel beetles (Buprestidae), and scarab beetles (Scarabaeoidea) 

are also found often. Their structural colors frequently show a metallic iridescence. Structural 
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colors have been investigated in detail in fossil forester moths (Lepidoptera, Zygaenidae) from 

Messel, and occur in a wide spectrum of taxa.  

Extinct giant ants belonging to the thermophilic genus Titanomyrma (Formicidae, 

Hymenoptera) are present in Messel with two species, and they are found rather often. Other 

smaller ant species are rare but they are present with a high biodiversity, as well as other 

hymenopteran insects. Recently studied ichneumonid wasps (Hymenoptera) from Messel 

showed that five out of seven new species from Messel can be placed unequivocally in extant 

subfamilies and genera.  

Bugs (Heteroptera) are represented mostly by burrowing bugs (Cydnidae) and shield bugs 

(Pentatomidae). A rare extinct genus of bugs possesses prominent humeral angles of the 

pronotum and a spinose pronotum and abdomen and is still under study. Additionally to these 

common insect orders, many other terrestrial insect groups are present.  

Apart from caddis fly cases (Trichoptera), aquatic insects are rare. But interesting insights into 

the former aquatic ecosystem could be gained by analyses of small fossil coprolites, which 

document the foodweb in the former Lake Messel. Different aquatic midge larvae (Diptera) 

were found for the first time by the study of these small fish coprolites. 
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Three aspects in the comparison of the Trichoptera faunas: 

1. Brief statistical comparison and typical representatives of the Trichoptera in Burma and 

Baltic Amber 

2. Remarkable and bizarre caddis flies of both Trichoptera faunas 

3. The new Amphiesmenopteran order Tarachoptera between Trichoptera and Lepidoptera 
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The South American Palaeozoic palaeoentomology begun in 1895 with the firsts finds at Bajo 

de Veliz Fm., Paganzo Basin, by the German geoscientist F. Kurtz. After more than one 

century, Palaeozoic insect are currently known from the Middle Carboniferous to Earliest 

Permian of Argentina, Brazil and Uruguay. With 49 erected species from 18 Orders, most of it 

published from 1978 to 2002. Recent efforts, such as in the marine early Permian of Lontras 

Shale lagerstätte, in the Brazilian Paraná Basin, shades new lights on diversity and 

taphonomy, and gives a new perspectives regarding future research. 
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Around 400 000 described extant beetle species occupy almost every conceivable ecological 

niche and exhibit endless variety of morphologies. While diversity of the forms among the adult 

beetles long has been in focus of the studies of evolutionary biologists and entomologists, 

Coleoptera larvae exhibit astonishing diversity as well. Therefore, any new information on the 

beetle larval morphology provides important new insights into the ecosystem functions. This 
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especially applies to the fossil beetles, as larval records from the deep time allow us to have a 

glimpse of the long-gone ecosystems and biotic interactions. 

The specimen examined in the current study has been found in a piece of middle-Eocene 

Baltic amber (38 MYA). The larva itself was covered with the opaque white film “verlummung”. 

Therefore, upon the initial examination the legs and head capsule of the specimen were totally 

obscured by the white film. Due to that and seeming presence of the bilobed protrusions on 

the tergites, the specimen has been first mistaken for the larvae of the long-bodied craneflies 

(Diptera, Cylindrotominae). Thorough examination and 3D reconstruction based on the volume 

rendering of the µ-CT stacks has shown that the specimen is distinct from the rest of the known 

beetle larvae by bearing two rows of the orthogonal plates on the terga of meso and metathorax 

and abdominal tergites 1-8. Therefore, we have decided to erect a new genus to accommodate 

this specimen, as an unplaced genus in Coleoptera: Cucujoidea. 

 


