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Preface

The authors and the publisher have responded to countless requests from readers interested in amber by publishing this second
edition of the “Atlas der Pflanzen und Tiere im Baltischen Bernstein” in the English language. We hope to appeal to
international readers who, after discovering the beauty of amber or studying its bizarre inclusions, have experienced the subtle
fascination it inspires. We would like to provide readers with a well-researched standard reference that gives an informative
and interesting overview of the plant and animal groups in Baltic amber on the basis of illustrations, photographs and
accompanying texts. English-language books on amber have been published by Grmvarpt 1996, Pomar 1992, 1999 and Ross
1998, who review amber from all over the world, particularly Dominican amber and its inclusions. We take up our place in
this line of authors, exclusively presenting Baltic amber in this English edition.

GeorG CarL BEreENDT published “Die im Bernstein befindlichen organischen Reste der Vorwelt” (The organic remains of
the prehistoric world in amber) in two volumes between 1845 and 1856. With its illustrations and descriptions of the plants
and animals in Baltic amber, this pioneering work served as the authoritative reference for quite some time. As many as one
hundred years passed before a comparatively brief and readily comprehensible monograph was published by BacHoFEN-EcHT
(1949). Just thirty years later, the first comprehensive review of Baltic amber to appear in English was presented by LarssoN
(1978), who had compiled a work of great scientific precision and detail. Since then, the periods between publications have
become increasingly short. Our Atlas of 1998 and 2001 makes use of modern techniques of color and close-up photography,
takes decades of progress in taxonomy into account and draws conclusions about the lifestyles of the fossil species enclosed
in Baltic amber based on the biology of living plants and animals. This Atlas will also be replaced one day, because our
knowledge of Baltic amber and its inclusions will advance, and because new, exciting discoveries will be made concerning
the taphocoenoses in amber and the biodiversity, biogeography and paleoclimate of the Eocene Epoch.

This Atlas is thus an interim report, which depended on the contributions of all those to whom we expressed our gratitude
in the first edition. We would vicariously like to thank Mr. Bruno EnprusserT (Stralsund) for his constructive suggestions for
the second, English edition. We are particularly indebted to Ms. Marvann F. OnorrieTTO (Basking Ridge, USA, currently
residing in Bonn) for the competent translation of the revised edition, to Dr. MicuarL S. Encer (Lawrence, USA) for being
kind enough to edit and proofread the text, and to Ms. Acnes Gras (Cologne) for revising the literature references and the
index of scientific names.

January 2002 Wolfgang Weitschat, Wilfried Wichard
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1 Introduction

1.1 Basic information on amber

1.1.1 Resin — Copal — Amber

The term “amber” is a general designation for fossil
resins or “petrified” plant sap. The time, conditions and
sequences of chemical reactions required for the proc-
ess of turning resin into amber have yet to be explained
conclusively. Only the initial phases of amber forma-
tion can be understood on the basis of the resin secre-
tions of contemporary plants. Many conifers and a
number of deciduous trees secrete resins spontaneously
or as a result of injury. In chemical terms, resins are
mixtures of various organic compounds belonging to
the family of terpene derivatives. They are insoluble in
water, have a more or less aromatic odor and are initial-
ly adhesive. When exposed to air, the viscous resin
mass can harden relatively quickly due to the loss of
volatile components. Polymerization then follows with
the formation of carbon chains. The resin continues to
transform and harden for millions of years, during which
time the filamentary molecules of the resin mass be-
come progressively “knotted” and the solvents and
volatile constituents gradually disappear. The forma-
tion of amber could be referred to as a process of
maturation, comparable to the carbonization of plants
into brown coal and then hard coal.

The process also includes intermediate forms of
different age between resin and amber, which are gen-
erally referred to as copals. Copals are often transpar-
ent, hard and usually odorless, but “smear” when ground.
Typical copals from tropical deciduous or coniferous
trees are known from East Africa, Madagascar, New
Zealand, Colombia and the Dominican Republic. Afri-
ca and New Zealand in particular used to export copal
by the ton for paint production. Studies based on car-
bon-14 dating have shown that the majority of commer-
cial copals have their origins during the historical age.

1.1.2 Amber — The “burning stone”

The German word for amber, “Bernstein” or “burning
stone”, is derived from its generally known property of
flammability. “Bornen” is the Low German word for
“burning”. Based on its lithic character, amber is clas-
sified as a caustobiolite, a group that also includes coal

and oil shale. This group encompasses rocks that pos-
sess the property of flammability (from the Greek “kaio”
= to burn) and are of biogenetic origin (from the Greek
“bios” = to live).

Even today, a certain degree of confusion is caused
by the fact that attempts were made in the past to restrict
the term “amber” to Baltic amber. The reasoning was
based on the content of succinic acid, which distin-
guished Baltic amber (succinite) from all other fossil-
ized resins (retinites). This debate later led to designa-
tions, such as “true amber” or “amber in a broad or
narrow sense”. These ambiguous definitions stemmed
from the fact that many of the worldwide deposits of
fossilized resins had not yet been discovered. However,
as these deposits also yield resins containing succinic
acid, this characteristic can no longer be reserved for
Baltic amber alone (HeLm 1885, BEck 1996). In addi-
tion, more recent results from the field of resin chem-
istry have shown that knowledge of the geological
history of every fossilized resin can be significant for its
botanical classification, the reason being that resin se-
cretions from identical “mother plants”, which are sub-
ject to different geological conditions, can result in
ambers with a distinctly different chemical structure.

We agree with the view of ScHLEE & GLOCKNER (1978)
and ScHLEE (1980, 1984, 1990), who used the term amber
for all natural fossil resins that are “several million
years old”. The location name should be used for more
precise reference, e.g. Siberian amber, Borneo amber,
New Jersey amber, Dominican amber and Baltic amber.

1.1.3 Amber deposits

At present, there are nearly 100 known amber deposits
throughout the world, and new ones are discovered
every year. Today, amber can be found on all continents
except Antarctica. However, this broad distribution is
no indication of the quality and quantity of the individ-
ual deposits. Only a few of the deposits discovered
recently have achieved economic importance (e.g.
Dominican amber, Bitterfeld amber and Ukrainian
amber). The number of known, fossiliferous amber
deposits has risen dramatically in the last several dec-
ades.



The geological age of the amber deposits varies
greatly, as does the nature of the resin-producing plants.
It was assumed for quite some time that the plants of the
Paleozoic Era did not produce resin at all (ScHLEE &
GrocknEr 1978). This assumption has since been refut-
ed by discoveries of resin in hard coal of the Upper
Carboniferous (320 to 285 million years ago). These
finds concerned very minute particles that probably
formed inside the plants and thus could not be consid-
ered as resin traps for insects. The same applies to
several amber deposits from the Early Mesozoic Era
(Triassic/Jurassic).

The oldest known fossiliferous amber comes from
Lower Cretaceous deposits in the Lebanon Mountains
and is estimated to have an absolute age of 120 to 130
million years. Although these deposits are not of eco-
nomic significance, the fossils they contain make them
very valuable to science, because the origin of these
resins falls in an extraordinarily interesting epoch from
a paleontological standpoint. While dinosaurs, ammo-
nites and belemnites still existed, mammals, birds and
flowering plants had also already appeared. Scientific
analysis of the rich fauna of Lebanese amber has led to
some surprising results concerning the evolution of
various insect groups (ScHLEE 1970).

A mumber of additional amber deposits from the
Late Mesozoic Era have just been discovered in the last
few years. Those containing fossiliferous amber in-
clude Jordanian amber (approx. 120 million years old),
Taimyr amber (approx. 80 million years old), New Jer-
sey amber (approx. 80 million years old), Cedar Lake
amber (approx. 75 to 80 million years old), French
amber (approx. 70 million years old) and the amber
recently discovered in the Pyrenees (approx. 100 mil-
lion years old).

The real “amber age”, however, is the Cenozoic Era,
from which the large majority of fossil resin deposits
originated. These deposits are linked to the develop-
ment of the modern plant world in the Late Mesozoic
and Early Cenozoic, when the angiosperms and gym-
nosperms (specifically the conifers) diverged.

1.1.4 Geographical origins of amber

Many questions that remain largely unanswered relate
to the precise age and geographical classification of the
various types of amber. This is due to the fact that
nearly all amber deposits known today are not located
at the site where the resins were originally produced
and deposited in the forest floor. Contrary to what one
might assume, an amber deposit generally does not
represent a fossil forest floor. In most instances, sedi-
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ments containing large amounts of amber usually indi-
cate a more marine environment, i.e. an ocean deposit.

Amber has very low resistance to the weathering
effects of oxygen, meaning that this land-to-sea journey
protected and preserved amber from destruction. If the
resin had been deposited in the forest floor, it would
have had only a very limited life expectancy and been
destroyed by oxidation and drying processes after just
a few thousand years. According to a model developed
by SavkevicH (1969), one essential prerequisite for the
formation of fossil resins and their transformation into
amber is, therefore, rapid embedding without exposure
to air. On the basis of this theory, amber deposits can
only form, if the resins are flushed out of the forest floor
by rivers during or shortly after their formation and
transported into oceans or large lakes, where they are
protected from weathering processes after deposition.

If the preservation of amber depends on its being
transported by running waters, the location of present-
day sites can hardly provide precise information on the
areas of origin. Since amber easily floats in moving
water because of its low specific weight, it is protected
during transport against comminution and wear and
usually retains its original shape. Of course, this also
makes it impossible to draw any conclusions about the
possible transport distances, which probably varied
greatly.

Once deposited in this so-called secondary deposit,
amber can be transported yet again by geological proc-
esses and redeposited elsewhere. As a result, resins
from a single area of origin can be found in very
different amber deposits that are also of different ages.
Thus, the location of an amber deposit usually does not
correspond to the habitat of the resin-producing trees.

1.1.5 The age of amber

What are the methods for determining the age of am-
ber? Many existing problems could be resolved, if it
were possible to date individual amber specimens di-
rectly. At present, this cannot be achieved using either
physical or chemical methods. Using carbon-14 dating,
the only radioactive element in amber, is only adequate
for up to 60,000 years.

In addition to the absolute measurement of time, the
science of geology also has another kind of “calendar”
based on the developmental history of the organisms
embedded as fossils in the rock sequences. With the
help of so-called index fossils, which are characteristic
of a preferably short period of geological history, gen-
erations of geologists throughout the world have devel-
oped a universal stratigraphic scale, or time scale of



sorts, that continues to be expanded and refined. Since
only relative ages can be determined with this method,
it is also referred to as a relative time measurement. The
floras and terrestrial faunas encased in the various types
of amber cannot be used as index fossils, thus eliminat-
ing another possibility for directly determining the age
of a piece of amber containing inclusions.

The only remaining possibility is the geological
dating of the amber-bearing stratum. The relative age
can only be defined if this stratum itself, or the under-
lying or overlying ones, bears index fossils. As men-
tioned, the geological age of a respective amber deposit
determined in this manner does not correspond to the
age of the location of origin of the resin or that of the
habitat of the resin-producing trees. Most current data
on the age of amber deposits refer only to the approx-
imate time and generally only indicate the minimum
age of their generation.

1.1.6 The source of amber

No less problematic than determining the geological
age of amber is linking the various fossil resins to the
original plants that produced them. Initial information
is provided by the range of plant inclusions in the
respective amber deposits. The resin-producing plant
should be among them. However, direct observations
that provide further detail are only possible on rare
occasions. Such observations require amber preserved
“in situ” with wood fragments that are suitable for cell
and tissue structure analysis and exhibit highly species-
specific characteristics (ScHUBERT 1939, 1953). Speci-
mens of this kind are extremely rare in the secondary
amber deposits we know of today. The wood was prob-
ably already separated from the amber during the proc-
ess of redeposition.

Various methods are used to obtain information on
the original plants that produced the amber. Infrared
spectroscopy has proven to be particularly effective right
up to the present time (Beck 1996, KoLLEr et al. 1997).
In this method, the origin of the resin is determined on
the basis of its physicochemical properties. The method
is primarily derived from studies by HummeL (1958),
MOoENKE (1962), BEcK et al. (1964, 1965) and LANGEN-
HEM & BECK (1965). The infrared spectroscopy of a few
milligrams of amber permits reliable conclusions to be
drawn about the identity of amber and present-day
resins, when their spectra, i.e. diagrams of their infrared
spectra, are compared. Similarities between the curves
of recent resins of known botanical origin and the curve
of an amber specimen provide information on the resin-
producer. For example, the infrared spectroscopic dia-
gram of the present-day resin from a tropical deciduous
tree, the leguminous Hymenaea courbaril, matches that
of both Mexican and Dominican amber almost to the
last detail. Although this method can be applied suc-
cessfully, its limitations also become apparent. The
main source of difficulty lies in the fact that the chem-
ical structure of a fossil resin can change as a result of
its geological history. SavkevicH (1969, 1996) pointed
out that the chemical composition, and thus also the
characteristics of resins from the same plant species,
change under the influence of pressure and temperature
in particular. SAvkevicH found intermediate forms of
amber and experimentally demonstrated the transfor-
mation of succinite into rumanite. On the other hand,
resins of different botanical origin that have been sub-
ject to similar pressure and temperature conditions can
take on the same chemical composition, which is re-
flected by both a number of properties and the infrared
spectra. Based on these observations, various ambers
usually reflect their specific geological histories and
not always their botanical origin.

1.2 Genesis of Baltic amber

1.2.1 Overview

Baltic amber has been the subject of intense research in
a wide variety of scientific disciplines for nearly 150
years. One might assume that only a few general ques-
tions would be left to clarify after all that time. In fact,
the great number of articles published in recent years,
in which we have experienced a kind of “amber Renais-
sance” that persists to the present, indicates just the
opposite. Fundamental issues, such as the question of

the resin-producer, the exact age of Baltic amber and
the associated location and life span of the legendary
amber forest, continue to be the subject of controversial
discussion. Indeed, it almost appears as if the intense
research conducted over the last decade has led to an
increase in the number of unresolved problems!
Although this atlas focuses on the fossil floras and
faunas in Baltic amber, the following sections cover
several of the unsolved mysteries relating to the depos-
its, genesis and age of Baltic amber, particularly in
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cases where the composition of the fossil floras and
faunas can contribute to resolving these problems. Of
the numerous subjects relating to Ballic amber, only
those aspects directly or indirectly related 10 its inclu-
sions are presented and discussed here.

1.2.2 Natural shapes ol amber

If one more piece of evidence of the resinous nature of
amber were required, it could be provided by the natu-
ral shapes of individual amber pieces as they occur in
the deposits. The most remarkable of these are the
natural resin {lows or drops, such as amber “stalactites”
which we can stll observe loday on many resin-produc-
ing forest rees {Figs. 2, 3). In principle, however, every
natural piece of amber has a specific, non-random shape
reflecting its formation on or in the tree. It is cven
possible in many cases to elaborate precise details on
the history of its development based on the shape,
morphology and surface characteristics (Fig. 1). This
information can be used to determine natural shapes of
fossil resins (KaTixas 1971), In this context, a rough
distinction is made between “external” resin accumula-
tions on the outside of the trees and “internal” accun-
lations that formed inside the trunks between the heart-
wood and the bark. Internal shapes, which make up by
far the greater percentage. are usually opaque and do

Fig. 1: Natural shapes of amber (after Kavas 1971 and
GanzeLEWsKI [996): 1. Resin-filled fissures, 2. Shapes un-
der the outer bark, 3. Resiu pocket, 4. Shapes in the outer
bark, 5. Filled-in wounds, 6. Filled-in hollow space with
flat top (resin level), 7. Drops and stalactite-like shapes,
S. Drops. 9. Stalactites, 10. Schlauben,

i2

Fig. 2: Pear-shaped “amber drop” with shrinkage cracks and
protrusions on the neck. Drops of this kind are indicative of
a highly viscous resin.

not contain any inclusions. The larger pieces of amber
are also found among this group. The largest known
specimen to be found to date weighs 9,750 grams (Bagr-
roD et al, 1989).

Naturally, it is the external types that must be ex-
pected to supply fossils in Baluc amber. There is one
specific type of specimen that almest exclusively con-
tains the inclusions of animals and plants that are so
valuable to science. It is referred to as a “Schfaube™ in
German, or also as fossil-bearing amber due to its
numerous inclusions. A Schlaube is a typical, layered
amber consisting of successive resin tlows. These speci-
mens are usually not very large, enly rarely reaching
the size of a fist, and their structure is one of transparent
laminations of amber (Fig. 4 a,b). AxpreE (1937) sug-
gested thal the key characteristic of transparency was
attrihutable to intense exposure Lo the sun, which warmed
the resin and ultimately caused it to clarify.

In contrast to the large, oval amber drops (Fig. 2),
which are indicative of a more viscous consistency of
the secreted resin, evervthing about the Schiauben indi-
cates the material was of an extremely low viscosity.
This is particularly evident in the long, slender, so-
called amber stalactites, with drops hanging from thin
threads of resin (Fig, 3).

Schlanben develop when hatches of resin from a
single scnrce flow down the tree bark at intervals, The
thin layers of resin do not mix in the process, but rather
form consecutive layers. Each resin flow follows the
previous on¢ in such a way that the contacl surlace is
concave, but the ouler surface convex. We can only
speculate about the rhythm of the individual resin flows.
The interval between flows certainly often amounted to



only a few hours. However, some examples of mold
formation in enclosed mmsects indicate that individual
resin flows must have sometimes occurred at fairly long
intervals, perhaps several days. The thickness of the
layers generally ineasures no more than several milli-
meters, and their distinct boundaries appear as more
strongly refractive, reddish or yellow lines (Fig. 4b). It
the resin flows occurred at relatively long intervals, the
surface of the older layer may already have hardened
slightly. An intermediate space filled with air is often
found between Sefifauhen elements lformed in this man-
ner. A Schlaube easily splits aparnt in the dircction of
flow at this point when subjected to mechanical siress.

These sticky resin surfaces on the tree hark must
have literally acted as flycaichers. The majority of
inclusions are, of course, concentrated at the individual
boundary lavers that were formerly resin surfaces.
However, a considerable number are also located inside
the individual layers, thus giving the impression that
the animals that were captured in the resin had sunk
quickly and *“‘drowned”. This can be considered yet
another indication of the extremely low viscosity of the
secreted resin.

Stalactite-like amber shapes (Fig. 3), whose genesis
does not essentially differ from that of Selfauben, can
also contain inclusions. In rare inslances, inclusions
also occur 1n non-laminated, extremely clear, massive
pieces that must have heen the result of a single. uni-
form, rapid flow of resin.

1.2.3 Color and transparency of amber

Baltic amher is primarily yellow, ranging in shade from
very light veliow, 1o orange and dark yellow, all the way
to brown. However, green, blue, gray, black, white and
red ambers also exist, where even i single specimen can
often display a variely of color variations (Fig. 3 b).
Transparent amber shows that the basic substance itself
is yellowish, Opague amber has a “foamy” internal
structure caused by microscopic air bubbles., In this
case, the various color lones are produced by oplical
effects, such as interfercnee, light scattering, reflection
and absorption, and thus depend largely on the nuinber,
size and arrangement of these bubbles. Minerals, such
as pyrite, enclosed in the amber are another, albeit
secondary, factor that can affect the color. Much greater
is the intluence of secondary weathering processes,
which tum yellow amber to an intense red on the outer
crust and along holes and hollow spaces.

Fig. 3: “Stalactite” with thickened end; formed by several
successive resin flows. Indication of the extremely low vis-
cosity of the resin material.

1.2.4 The resin-producer

FFor a long ume, evidence that the mother plant of Baltic
amber could only be a single type of pine tree was
considered to be conclusive. As early as the middle of
the nineteenth century, the botanist H. R. GOEPPERT
(15306) believed on the basis of microscopic studies of
wood fragments enclosed in amber that a fossil pine
tree was probably the resin-producer of Ballic amber.
However, as he recognized certain ditterences comn-
pared to the wood of recenl Pinus species, he estab-
lished a new genus, Pinites succinifera, for the fossil
form. Conxwentz (1890), 4 student of GoEPPERT. de-
scribed the resin-producer as Pinus succinifera (Goep-
peRT & BEHRENDT 1845) in his revision of the wood
contained in amber, even though he noted “that the
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Fig. 4a: Amber Schiaube with visible boundary layers of
the individual resin flows, Sehlauben are also indicative of a
low-viscosity resin.

structure of the amber wood displays characteristics of
both pines and spruces, although primarily tending to-
wards the former”. More recent paleohistological stud-
ies confirm the hypothesis that the resin-producer of
Baltic amber was apparently a pine wee (SCHUBERT
1961, Turkiy 1997, PieLinska 1997) (cf. Chap. 2.04).
Initial doubts about the nature of the resin-producer
originated in a completely different scientific disci-
pline, namely archacometry. In the field of archaevlogy,
the presence of succinic acid was long considered to be
a reliable properiy for determining the origin of Baltic
amber (HeLm 1877). Based on this characleristic com-
ponent, Baltic amber was classified as succinite, distin-
guishable from all other amber-like fossil resins (retin-
ites). However, once succinic acid was also discovered
in Romanian amber (HeLw 1885) and later in several
other fossil resins, Hetm's method for determining the
origin of Baltic amber lost its value 1n archaeology.
This led to a search for another inethod. infrared
spectroscopy (Husmvier 1958, Brck et al 1964, 19635).

i4

Fig. 4b: Cross-section of an amber Schlaube. The red lines
indicate the boundaries of the individual resin flows.

According to studies by Beck (1986) involving 2,500
infrared spectra of the known amber deposits in Eu-
rope, all spectra of Baltic amber (succinite) display the
same characteristic curve. Succinite is distinguished by
a single absorption band between 1,25¢ and 1,175 cm™|
which is preceded by a broad absorption shoulder, the
so-called “Baltic Shonlder” (Fig. 6). According 10 BEck
(1996), this shoulder is nearly horizontal in well-pre-
served amber and increasingly slopes downward with
increasing weathering. No other European amber de-
posits display similar spectra. Beck emphasized, how-
ever, that the infrared spectra should only be viewed as
“fingerprints” for determining the origin of individual
amber deposits and generally do not suppor any con-
clusions about the botanical classification of the resin-
producer.

A comparison between the infrared spectra of Baltic
amber and resins of recent conifers surprisingly showed
that they display only minimal similarity to pine resin
and are much more similar to the resins of araucarian



Fig. Sa:r Picces of raw amber from the “blue earth™, Primorskoje strip mine, Yantamyi, (Kaliningrad district).

Fig, 3b: Unusual color vanations of Ballic amber.
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Tig. 6: Infrared spectrum of succinite, with the typical “Baltic Shoulder” (yellow region) (after KoLLER et al. 1997).

trees (Agathis australis) growing today in New Zealand
(LANGENHEIM 1969). THOMAS (1969) also pointed out the
great similarity between the infrared spectra of Baltic
amber and copal from Agathis australis. In addition,
New Zealand araucarian trees produce large quantities
of resin that hardens rapidly on the ground. The spectro-
scopic similarity and the high resin production have
given several authors (Kucnarska & Kwiatkowski 1978,
Pomar 1992) reason to revive speculation about the
resin-producer of Baltic amber and to suggest the prob-
ability of an araucaria being the resin source. The resins
of a recent cedar tree (Cedrus atlantica) from the Atlas
Mountains of North Africa also display remarkable
similarity to succinite, so that a cedar has also recently
been discussed as the potential resin supplier (KaTmas
1988).
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A controversial situation has thus arisen, where all
previous morphological and paleohistolgical studies
clearly point to a pine tree as the plant of origin, while
analytical methods indicate araucarians and cedars as
potential resin suppliers. However, the latter assump-
tion is strongly contradicted by the present range of
species in the macroflora and microflora known from
Baltic amber inclusions today. While needles and male
cones from pine trees have been known to exist for
quite some time, there are no records of araucarians or
cedars. The microflora presents a similar picture. Stud-
ies of pollen in Baltic amber (ArNoLD 1998) show a
distinct dominance of vesiculate pine pollen. The pol-
len studies, which have often been neglected in the past,
provide remarkable evidence that the potential resin
supplier is a pine relative.



1.3 Distribution of Baltic amber

As iy the case with the majority of all fossil resin
deposits, Baltic amber is today no longer found at the
site where the resins were onginally produced and
deposited in the forest floor. Its relocation already be-
gan during or shortly after its formation in the amber
forest. In this first, most vital step for the survival of the
resins, large. possibly seasonal rivers flushed the resin
masses out of the forest floor and transported them to a
depositional environmenl, where they were protected
against the effects of weathering. The process probably
only affected a very small portion of the total amount of
resin, produced in the entire amber forest. The much
larger amounts thal remained in the forest tloor were
probably destroyed after a relatively short time by pro-
cesses of oxidation and drying.

Although the resins preserved by transport and re-
deposition are already in their second (secondary) de-
posit in the new environment, only these beds permit
stalements and conelusions o be made about the min-
imum age and place of origin of Baltic amber.

The oldest deposits known loday in eastern Scania
and in the *wild earth™ of the Samland Peninsula indi-
cale that the amber forest muslt have already existed in
the Lower Eocene (about 50 million years ago). Paleo-
geographical maps prepared by geologisis give us greater
insight into the geographical conditions that prevailed
in Northern and Central Europe at that time. OQur con-
cept of the position and changes of the individual con-
tinents throughout the history of the earth was radically
changed by modern theory of plate tectonics (i.¢. con-
tinemal drift).

Baltic amber could have originated anywhere in an
enormous region (Fig, 8a). Its weslern border could be
drawn roughly along the north-south axis South Scamia
— Riigen — Berlin (eastern edge of the Lower Focene
ocean). To the cast, it may have extended as far as the
Ural Mountains. The northern border was certainly
determined by climate, while the southern border wus
probably formed by the central German brown coal
forests.

This European continent was undoubledly covered
with forests wherever clirnatic conditions permitted,
and there is no evidence to conlradict the assumption
that resin-producing trees were very widely distribuled.
Consequently, amber deposits could theoretically be
expected to exist all over this vast region. However, this
was prevented by numerous geological processes and
certainly also by the low preservation potential of fossil
resins discussed above.
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Fig. 7: Geological division ol the Cenozoic and the history
of Baluc amber.

The ocean already began 10 advance eastward dur-
ing the Eocene, thereby flooding and destroying sub-
stantial areas of the amber forest (Fig. 8b). On the other
hand, large rivers made il possible for the resins 10 be
transported from the North directly into the Paleogene
shallow sea, where they seitled 1n enormous delta de-
posits and were protected against wealhering process-
es. The largest known amber deposit, the “blue earth”
of the Samland Peninsula, is also assumed to have
formed in this manner (Kossowska-Ceranowicz 1996a).
Experimental drilling confirmed that these delta depos-
its continue far 1o the west, all the way to the region
around Danzig (Leba district, Chlapowo) (Kossowska-
Ceranowicz 1987), However, the amber-bearing strata
there are so deep that mining operations would not be
worth the expense.

The paleogeographical situation changed utterly
once again in the Neogene. The ocean had receded
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Early Eocene

Fig. 8a; Distribution of land and sea in the Early Eocene (about 54 million years ago) and presumed position ol the “amber

forests” (after Vinken 1987).

Fig. 8b: Distribuiion of land and sea in

T

Late ch_erie

the Late Eocene (roughly 39 million years ago) {alter Vivken 1987). In the Middle

and Late Eoccne, the ocean advanced far to the east and flooded substantial areas of the “amber torest”.
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Fig. 9: The current distribution of Baltic amber (orange) and the extent of the different glacial stages during the Pleistocene

{after Bissarck [987).

almost entirely from the northeastern European basin,
and the Baltic Sea region had again become parl of
the mainland. Since the beginning of the Miocene,
large river systems of the Scandinavian shield and
the Baliic platform had been transporting clastic sedi-
ments to the south into the northwestern European and
eastern German-Polish basins, depositing brown coal
sand containing considerable amounts of amber in the
process. The concentrated amber deposits nested there
led to the first systematic mining operations (RUNGE
1868). The brown coal sand undoubtedly drew its am-
ber from redeposited, Paleogene strata, meaning that
the amber thus lies in at least its third deposit (ANDREE
1951, Weitscnar 1987, Kosyowska-CErRaxowicz 1991/
92).

These considerable Mid Miocene amber deposits
led WerzeL (1939) to suggest the existence of a Neo-
gene amber forest roughly in the region of the present-
day western Baltic Sea. To date, no evidence has been
uncovered to support this assurnption. ANDREE (1943,
1951) was opposed to this position. WETZEL's theories
of a Miocene amber forest have been revived in recent

years due to major amber discoveries in the central
German brown coal region near Bitterfeld. Referring to
the genesis and age of the deposits, Bartoer & HEeTzER
(1982) and Scuusann & WenpT (1989) emphasized the
independence of this deposit, which reportedly [ormed
in the Lower Miocene and indicates an absolule age of
roughly 22 million years.

WerrscHat (1987, 1997) strongly opposed the as-
sumplion that independent amber forests existed during
the Miocene. The primary argument he presented was
the ideniity of the flora and fauna with that of amber
from the Samland deposits, in conjunction with paleo-
climatic findings. If this argument is correct, the Biller-
feld deposits show that Baltic amber was redeposited to
a previously unknown extenl during the Neogene,

The most massive redepositions of Baltic amber
cerlainly ook place during the Pleistocene, meaning
within roughly the last two million years, Closer exami-
nation of the current range of amber, which extends far
eastward into Russia, westward to the Netherlands and
the English coast, and southward to the German hill
region, reveals rhat these borders are virtually identical
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Fig. 10: Amber with “scratched” surface —evidence of trans-
port by glaciers: Hude gravel pit near Bremen.

to those of the cover of glacial till (Fig. 9). The massive
continental glaciations coming down from Scandinavia
carved out the Baltic Sea basin and uansported enor-
mous masses of debris and rock, including amber-
bearing sediments, into the northern European flat-
lands. When the ice masses came lo a standstll, or
retreated, as they did during the interglacial ages, the
melt-waler evoded and transported the loose rocks, de-
positing them according to their particle size or specific
weight at another location,

Consequently, we find amber in a variety of Pleisto-
cene deposits of different ages: in one instance “swim-
ming” in an entire block of blue earth in the glacial till;
another time washed together in nests in the melt-water
sands, and finally also in interglacial deposits (Figs. 10,
11}

At the same time, there are apparently distinet dif-
ferences between Late and Carly Pleistocene deposits
in terms of how much amber they contuin — an obser-
vation made initially by Mgy~ (1876) and confirmed by
the work of NeuBauer (1994), However, Lhis is under-
standable, as it must be assumed that the oldest glaci-
ations of the Elsterian Glacial Stage, which traveled
over a Tertiary reliet, took up more Tertiary naterial,

Fig. I1: “Till amber”™ with cracked, yellowish-brown weathered crust. The thick, flaky crust was formed by embedding in
melt-water sands above the groundwater level (weight: 160 g), Hoisdorf gravel pit near Hamburg,

20



Fig. 13: Sea amber (“Seestein”) with balanid growth, Sea amber is characterized by the lack of a weathering crust.
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and thus also amber, than the later Saale and Weichsel
Glacial Stages.

Not least, there is also the amber which, from the
glacial periods up to the present, has been washed out
of one of the numerous, geologically older deposits by
running waters on the mainland (chiefly the major Pleis-

tocene watercourses) or by the ocean and redeposited at
another location. These processes in the Holocene are
primarily responsible for the amber we find in the drift
line on the shores of the North and the Baltic Seas (Figs.
12, 13). As long as man does not interfere, amber con-
tinues to be washed into “deposits” there, even today.

1.4 Baltic amber deposits

Despite its enormous range, the number of “real” (i.e.
minable) Baltic amber deposits is relatively small. This
is primarily a result of the low preservation potential of
fossil resins, as well as economic factors in individual
cases. For example, a rich amber deposit discovered
during prospecting work in the Leba district west of
Gdansk was not profitable because of the very thick
overburden.

The Baltic amber deposits are presented below, giv-
ing particular emphasis to their genesis and age.

1.4.1 Blue earth of the Samland Peninsula

The most significant deposits of Baltic amber, also the
largest known amber deposits in the world, are located
in the northern and northwestern areas of the Samland
Peninsula in the former territory of East Prussia, today
the Kaliningrad district of the Russian Republic. The
amber located here in the “blue earth” is so concentrat-
ed that it has been extracted since the end of the 19%
century from large underground and strip mines, most
importantly from the pits near Palmnicken (currently
Yantarnyi). The thickness of the “blue earth” layer in
Samland varies between two and ten meters with an
average amber content of roughly 2.5 kg per cubic
meter. At the edge of the Baltic Sea, the blue earth is
located almost at sea level, while the inland layers are
covered by 30 to 40 meters of thick Tertiary and Pleis-
tocene sediments. The “AG Russian Amber” company
currently operates two large strip mines, from which
several hundred metric tons of amber are extracted
every year (Fig. 14). The amber reserves in this area are
estimated to be about 640,000 metric tons, or many
times the amount already extracted (KosmMowska-CERa-
Nowicz 1996a).

Blue earth, the most important bearer of Baltic am-
ber, is part of the Paleogene strata series of Samland,
which were previously referred to collectively as the
amber formation or “glauconite formation”. The divi-
sions and designations of the individual layers originate
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from age-old amber diggings and were introduced in
the literature by ZappacH (1868). They are based less
on lithological differences than on the profitability of
the amber deposit from the standpoint of mining. Al-
though these designations are still used today, they have
since been incorporated into a modern lithostratigra-
phic concept (Katmnas 1971, KarLan et al. 1977).

Blue earth received its name from its greenish-blue
color, which sterns from the significant content of glau-
conite, an iron-aluminum silicate. In lithological terms,
it is a slightly clayish, micaceous fine sand. It contains
an irregular distribution of amber in pieces of all shapes
and sizes (Figs. 15a,b). However, blue earth is not the
oldest amber-bearing horizon in the Paleogene Sam-
land strata series. There are also two underlying hori-
zons containing amber, albeit not in minable quantities.

The age dating of the Samland amber formation
goes back to studies by NoetLmwG (1883, 1888) and is
based on a diverse marine fauna consisting primarily of
mollusks, echinoderms, crustaceans and bryozoans. The
entire strata series was classified in the Lower Oli-
gocene (approx. 38 million years ago) by comparing
fauna of similar age from the northern German Tertiary
(von Koenen 1865). This biostratigraphic classifica-
tion, which was principally dependent on mollusk fau-
nas, was considered to be indisputable for quite some
time. However, new methods of scientific study have
led to justified doubts about its validity. It became
evident that mollusk faunas are not suitable for the
accurate breakdown of the Paleogene period in ques-
tion. Modemn zoning is chiefly based on various micro-
fossil groups (calcareous nannoplankton, dinoflagellate
cysts) that are linked to absolute (radiometric) ages
(OpIN & LUTTERBACHER 1992). Application of this method
to the Paleogene Samland strata series has led to results
that deviate considerably in some instances from previ-
ous beliefs.

Using new, absolute dating analyses of glauconites,
Rrrzxkowskt (1997) concluded that the formation period
of blue earth falls in the Mid Eocene (Lutetian) and is
thus significantly older than previously assumed. The



Fig. 14: Yanarnyi, western view of the lower side of the Primorskoje strip mine, Yantarnyi (Kaliningrad district).

two additional amber-bearing horizons in the underly-
ing beds of the blue carth indicate that amber had
already been transported to secondary deposils during
the Lower Eocene (Ypresian) nearly 30 million years
ago. If we accept these theories, then the minimum
geological age of Baltic amber has been pushed back
nearly ten million years by the new method.

1.4.2 Ukrainian ammber

As we assume that a single, continuous, expansive
amber forest existed in Northern and Central Europe
during the Paleogene Period. the amber deposits in the
Ukraine should alse be included in order to get a com-
plete picture.

The amher deposits in the northern and western
regions of the Ukraine were discovered long ago and
described in detail by Tutkovskr (1911). Comprehen-
sive geological amber explorations were carried out
between 1978 and 1985 i northern Ukraine and south-
ern Byelorussia. Over 50 amber-bearing deposits were
found in Paleogene sediments, thus making it possible
1o narrow down the occurrence of amber in the Pripyat

basin (VassiusHin & Pawnrsciuesko 1996). The main
arca of distribution 1s located on the northwestern slope
of the Ukrainian shicld and consists of Paleogene sed-
iments in the peripheral zone of the crystalline rock,
Amber from the Pripyat basin is currently mined from
the Klesow deposit, where it 1s concentrated in strata
serics of up to six meters in thickness consisting of
shightly glauconitie, fine to medium-grained quarlz sand
with humus-rich, clayish intermediate layers. The sands
are interpreted as deposils of lagoonal-deltaic facies,
thus clearly indicating that this amber is also in at least
a secondary deposit. The average amber content amounts
to roughly 50 grams per cubic meter sediment, although
it can increase to over 400 grams in certain depressions
(“traps™). The amber-bearing strala are biostratigraph-
ically classified in the Mid and Upper Oligocene.
Like the amber from the Samland blue earth, Ukrain-
tan amber is a succinite (Kossowska-CeEraxowicz 1991/
92). Tt 1s primarily distinguished from blue earth amber
by the weathering crust. Most raw pieces are covered
with a dark brown to black oxidized crust several mil-
limeters thick. The crusts often have a polygonal crack
pattern extending into the intact amber (Fig. 16a). This
crust, which sometimes casily breaks away from the core,
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Fig. 15a: “Blue earth” with amber; Primorskoje strip mine,
greenish-blue when wet and turns light gray when dry.

Fig. 15b: Raw amber with residual “blue earth” in smali depressions (weight: 1.050 g). Primorskeje strip mine, Yantarnyi
(Kaliningrad district).
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Fig. 16a: Ukrainian amber (weight: 205 @); strip mine near
Klesow, Ukraine. In contrast 1o amber from the “blue earth”,
Ukrainian amber has a typical brownish-black oxidation
crust several millitneters thick. The formation of these oflen
polygonal crusts can be explained by the substantial effects
of oxygen on amber in the Ukrainian deposils.

is followed by another dark red zone that lends Ukrain-
1an amber its characteristic color spectrum (Fig. 16b).
‘The formation of’ this oxidized crust is probably attrib-
utable to the signiticantly greater eftect of oxygen in
these amber-bearing deposits compared 1o the blue earth.

Plant and animal inclusions appear to be considera-
bly more rare in Ukrainian amber than in the Samland
and Biuerfeld deposits. Personal observations indicate
an unusually low proportion of Schlauben material. For
the mast parl, inclusions found to date in Ukrainian
mmnber are limited to fairly large, clear picces consisting
of a single resin flow without any identifiable lamina-
tion. It is conceivable that the relatively fragite Schlavben
were largely destroyed during redeposition.

Previous studies of the animal and plant inclusions
indicate a high degree of similarity to those from the
Samland and Biuerfeld deposits (Maipaxovitscr &
Makarenko 1988, PantscueEnko & Kvasxica 1982,
SEREBRICKIT 1979},

1.4.3 Bitterfeld deposits

In 1955, amber-bearing layers were discovered in the
seat rock of the Bitterfeld main seam at the “Goitsche”
brown coal strip mine near Bitterfeld (grealer Halle,
Leipzig region). The geological and mining exploration
of this bed in the following years revealed that it was
minable and indeed a major amber deposit. By the ume
the mine was closed in 1993 for reasons of environmen-

Fig. 16b: Ukrainian amber without an oxidation crust and
with the characteristic range of dark red colors; Klesow strip
mine, Ukraine.

1al protection, roughly 50 meltric tons of raw amber had
been extracted from it each year.

Biuterfeld amber is concentrated in silty, sandy, highly
lignitic, micaceous sediments four o six meters thick.
The microfauna and glauconite content provide evi-
dence of an entirely marine environment and thus indi-
cale that the amber is at least in a secondary deposit.
Because of their spore and pollen floras, these layers
are biostratigraphically dated as Lower Miocene, which
corresponds to an absolute age of roughly 22 million
years. However, it would appear Lo be more than ques-
tionable to conclude that Bitterfeld amber 1s 12 million
years younger than Baltic amber. Neither of the two
amber deposits is in its original location. but rather in
marine sediments of at least secondary deposits. Only
these deposits can be dated and directly compared. If
the entire range of amber specimens occurring in the
Bitterfeld deposits is taken into consideration, then the
obvious variety of sizes and non-uniform character of
the weathered crusts of individual pieces indicate that
the material was more likely to have been redeposited
several limes.

BarTHEL & HETZER (1982) and ScHusiany & WenDT
(1989) published the first detailed scientific studies on
the Bitterfeld deposits, which also formed the basis of
most subsequent works. With regard to its genesis and
age, the authors emphasized the independence of this
deposit and inroduced the term “Billerfeld amber™.
However, they did not discuss the obvious question of
whether these deposits could possibly consist of multi-
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ply redeposited Baltic amber. They specified the Lower
Miocene as the period of formation, which corresponds
to an absolute age of roughly 22 million years.

Only scientists who have studied the fossil content
of Bitterfeld amber have contradicted these conclusions
up to now (WUNDERLICH 1983, WEITSCHAT 1987, LOUREN-
co & WEITSCHAT 1996, WicHARD & WEITSCHAT 1996).
Comparative studies of Bitterfeld amber inclusions with
those from the blue earth of Samland demonstrated the
identity of their flora and fauna on the basis of numer-
ous taxonomic examples, thus raising doubts about the
independence of Bitterfeld amber (WEITSCHAT 1997).

1.4.4 Bitterfeld amber inclusions

The question now arises of the extent to which Bitter-
feld amber inclusions can be drawn into the discussion
of its age.

In reference to similar issues involving autochthonic
Miocene amber deposits in the western Baltic region
(WEeTzEL 1939), Karl ANDrEE (1943), probably the most
recognized authority on amber of his time, claimed that
“only the stratigraphic identification of distinctly Mi-
ocene amber inclusions would be proof of a different
age”. It is generally known that arthropods are used
only very rarely to resolve biostratigraphical issues, let
alone as index fossils. However, what ANDREE may
have been trying to say is that evidence is required of
unmistakable differences between the flora and fauna
of two such inclusion groups that are so far apart in
terms of time period and location.

If we expand the discussion to include the climatic
history of the Tertiary, which was not known in such
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great detail in ANDREE’s time, then the question he
raised in 1943 becomes an absolute necessity today.
The flora and fauna of a subtropical-tropical Eocene
amber forest inevitably must have differed from those
of a Lower Miocene amber forest. In particular, it is
unlikely that the insect fauna could have survived un-
changed in the period of drastic cooling between the
Eocene and Oligocene, which led to a well-recognized
episode of mass extinction worldwide.

However, if the detailed flora and fauna inventories
of Bitterfeld amber now available (SCHUMANN & WENDT
1989, KrRuMBIEGEL & KRUMBIEGEL 1994, 1996b) are
compared to those of the blue earth of Samland, it
becomes evident that the two deposits are nearly iden-
tical from a paleontological standpoint (WICHARD &
WErrscHar 1996, WEITscHAT 1997). This applies not
only to their systematic diversity, but also, and above
all, to the breakdown in percentages of both floral and
faunal groups, particularly within the individual taxa.
Naturally, this comparison greatly depends on the ex-
tent to which typical subtropical-tropical faunal ele-
ments of Baltic amber are represented in Bitterfeld
amber.

In reference to the spider fauna, WUNDERLICH (1996)
determined that “the majority of the spider families
from Baltic and Bitterfeld amber are today restricted to
tropical-subtropical regions”. Werrscuar (1997) pre-
sented a number of similar examples based on repre-
sentatives of various insect orders, which are not dis-
cussed here in any further detail. All paleontological
evidence suggests that Bitterfeld amber can also be
linked to the Eocene Epoch with regard to its period of
origin. Consequently, it is at least already in its third
deposit in the Lower Miocene.



1.5 The climate at the time of Baltic amber

The climatic history of the Tertiary Period should be
examined more closely here, as we believe the climate
not only plays a key role in determining the age of
Bitterfeld amber, but also points the way lo answering
largely unresolved questions about the age and life span
of the Baltic amber forest.

In the past few decades, the analysis of American
deep-sea dnlling activities has rapidly advanced our
knowledge of the paleoclimate, i.e. the development of
climnatic conditions over the course of the earth’s histo-
ry. Oxygen isotope studies play a key role in this con-
text and now make it possible to draw reliable conclu-
sions about paleotemperatures (Fig. 17). The Terliary
climate curve (Fig. [8) has since been verified so thor-
oughly that the curve itself is no longer the subject of
discussion, but rather its causes (BucHarDT 1978, Za-
cHos et al. 1994).

The end of the Mesozoic Era was characterized by
very warm, but arid climate conditions. While temper-
atures changed only slightly at the beginning of the

[
Fig. 17: Global climate development (temperature and pre-

cipitation} over the course of the earth’s history (afier FRAKES
1979, CrowLEY & NowrTa 1991).
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Tertiary, the overall level of precipitation increased
considerably. Following a relatively brief cooling peri-
od in the Paleocene, temperatures rose significantly
again in the Late Paleocene and Early Eocene. The Mid
Eocene was by far the warmest interval in the entire
Cenozoic, with global temperatures being roughly two
to four degrees higher than they are today. This is
verified by numerous geological and paleontological
climate indicators.

Sea level and ocean bottom temperatures reached
their peak during the Lower to Mid Eocene. The trop-
ical flora from the “London clay”, as well as the flora
and fauna from the Geisel Valley and the Messel Mine
indicate subtropical-tropical conditions at relatively high
paleolatitudes. Lateritic weathered horizons, which in-
dicate warm temperatures and seasonal precipitation,
also extended beyond 45° paleolatitude in both hemi-
spheres. Further emphasis must be given to the ther-
mophilic fossil flora and fauna of the Eocene that have
long been known to occur at very high paleolatitudes —
e.g. the mammal and crocodile finds on Ellesmere
Island (Arctic Canada) — and, in particular, to the coal
deposits in the present-day Arctic (Spitzbergen) and
Antarctic. Another important item to be added to this
list of evidence is the flora and fauna of Baltic amber.

These climate indicators suggest subtropical-tropi-
cal conditions in the Early Eocene, which must have
extended polewards beyond today’s climate zones by
more than 15 degrees latitude.

28

This warm period was followed by an interval of
much lower temperatures. At the end of the Mid Eocene,
tectonic events (separation of Australia from Antarcti-
ca) triggered drastic global cooling, considered to be
the most significant event of the entire Cenozoic Era.
This cooling was associated with a substantial decrease
in annual precipitation. As a result, the earth’s climatic
zones shifted towards the equator, and the differences
between them became more distinct. Towards the end
of the Eocene, plants and animals attempted to retreat,
and subtropical-tropical organisms disappeared from
higher paleolatitudes. This led to the dramatic mass
extinction that is known to have occurred about 40
million years ago during the Cenozoic Era and roughly
coincided with the transition from the Eocene to the
Oligocene.

A number of conclusions concerning the time and
conditions of Baltic amber formation can be derived
from these paleontological, paleogeographical and paleo-
climatic data. The formation of amber in northern and
central Europe probably already began in the Early
Eocene and may have ceased towards the end of the Mid
Eocene. Together with the Polish and Ukrainian depos-
its, the blue earth amber of Samland and Bitterfeld
amber originated from a single “amber forest” that had
a stable subtropical-tropical climate. It existed for a
period of roughly ten million years and covered an
enormous area of prehistoric northermn Europe.



1.6 Fossils in Baltic amber

1.6.1 Inclusions

The term “inclusions” has been established as a special
designation for fossils enclosed in amber. The embed-
ding of plants and animals in resin is justifiably viewed
as a unique phenomenon of nature. Inclusions differ
from other fossils in many respects. Who would ever
have dreamed of referring to an insect enclosed in
amber as petrifaction? Innumerable attempts have been
made in the past to separate such wonderfully preserved
insects from the resin. How great the disappointment
must have been to realize that this led to the complete
disintegration of the inclusion. The reason is that amber
inclusions are basically just thinly lined hollow spaces.
Only the decay-resistant, chitinous integument is pre-
served. Apart from a few exceptions, inclusions are
hollow on the inside. Despite this apparently unfavora-
ble circumstance, the preservation and visibility of
microstructures conserved in amber is unique in the
field of paleontology. The nature of fossilization makes
it possible to examine structures right up to the resolu-
tion limit of the light microscope, which relies most
importantly on the transparency of the amber.

Another major difference in relation to other fossils
is that the organisms were usually captured alive in the
resin trap. The observer of an amber inclusion, partic-
ularly an animal one, of course, will immediately real-
ize that not only has the resin entombed a life form, but
also that it is a rare situation. Inclusions often appear to
be a snapshot of life, even though only the last few
seconds have been captured.

1.6.2 The fossilization process

After an animal became embedded in the resin, two
processes took place simultaneously: the solidification
of the resin and the decomposition of the tissue of the
enclosed animal. Above all, the formation and long-
term preservation of an inclusion required it to remain
dimensionally stable until the resin solidified. Further-
more, it was important for the resin not to shrink during
hardening. In order for the resin to turn into true amber,
a number of additional geochemical and geological
processes must have taken place. The death of the
enclosed organism is followed by the microbial decay
and decomposition of the tissue. The resultant gases
and fluids are primarily released and diffused from the
mouth, anus and other openings in the body (wounds),
and through the body walls. These secretions can form

an emulsion with the still liquid resin and thus hide the
inclusion behind a cloudy, milky white deposit that
makes detailed morphological study of the fossil im-
possible. Analyses with a scanning electron microscope
have revealed no more than that the deposit is a foamy
structure consisting of minute bubbles. MIERZEIEWSKI
(1978) suggested that the cloudiness is caused by the
escape of decomposition gases.

Fossils covered with a white coating formed as a
product of decay (German: ‘“Verlumung”) are a phe-
nomenon which has long been known to exist from the
numerous observations of inclusions in Baltic amber
and appears to be at least partially related to the size and
volume of the enclosed body tissue. While it occurs
only rarely with Diptera and mites, it is common and
very pronounced with caterpillars, myriapods and iso-
pods, for example. Based on personal observations,
however, it is apparent that plant inclusions can also
display a cloudiness of this kind, thus indicating that
animal body secretions are not exclusively responsible
for this occurrence, but that a certain degree of moisture
can also cause a milky effect.

Attempts to explain this phenomenon are complica-
ted by the fact that emulsion formations occur in all
conceivable intensities, in all transitional stages or fre-
quently not at all. Even large inclusions with plenty of
body fluid can be preserved without any cloudiness at all.

ScHLUTER & KUHNE (1975) were the first to point out
that the cloudiness very frequently appears on only one
side of an inclusion (Fig. 19a,b). They provided con-
clusive evidence that the cloudy side is usually the one
facing the concave interior of the Schlaube, i.e. facing
the tree bark, and thus corresponds to the side of the
inclusion facing away from the incident light. This is
illustrated particularly well in specimens with several
inclusions embedded in different positions. The cloudy
zones are always in the shadow cast by an inclusion,
corresponding to a light source radiating from a specific
direction. The authors came to the conclusion that the
intensity and duration of sun exposure must have made
a decisive contribution to the clarification processes.
The side of the inclusion facing the sun was warmed to
such an extent that constituents escaped more easily by
means of diffusion, and the resin became clear in that
area. These observations are supported by the known
process of artificial clarification, in which cloudy am-
ber can be clarified at high temperatures and pressures.
In this process, the minute bubbles combine to form
larger ones that move to the surface of the resin and
escape.
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Fig. 19a,b: Snipe flv (Rhagionidae), a: Ventral, b: Dorsal, Example of the phenomenon of one-sided turbidity (*Verlu-

mung™) in Baltic amber inclusions.

The working hypothesis of the clarification of amber
by exposure to the sun would appear to be quite plausi-
ble. as it also offers potential solutions for a number of
other unresolved issues. For example, it could conclu-
sively answer the frequently discussed question of why
only Schlauben of Ballic amber arc routinely clear and
transparent. It could also explain the noticeable differ-
ences in the intensity of the twbidity of the inclusions.
The differences could be the result of seasonal effects,
for example, or simply the diverse growing sites of the
resin-producing trees in the amber forest.

1.6.3 Stability and aging

Although it is millions of years old, natural amber is not
a stable substance. Under the natural effects of oxygen
and light, it begins 1o change after just a few years as the
resull of polymerization, oxidation and drying. This
process 1s indicated by a gradual darkening, with the
color changing from red-yellow, to ruby red, brownish
red and evenlually brown. The surface of the amber
becomes virtually opaque and dull. As the color chang-
es, a network of fine, hairline cracks also begins to form
on the surface and penetrates deeper into the piece as
time progresses, making it brittle and ultimately caus-
ing it to disintegrate.

Archaeological finds from the Roman period con-
[irm that this process even occurred in the span of
historical time. Prehistorical amber generally only sur-
vived if it was protected against weathering processes
in its deposit environment, such as in moors or water.

All natural pieces of raw amber also display a rela-
tively thick, weathered crust and, depending on the type
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of cmbedding, all stages of 1this external transformation
process can be found. The origin and amber-bearing
layer of a specimen can ofien be determined simply by
the appearance and lhickness of the weathered crust.
Arnber that has been deposited below the groundwater
level and thus protected against the effects of oxygen in
the air, forms only a thin weathered crust, which pro-
tects the internal structures and can enable the amber Lo
survive for millions of years. For example, amber in the
blue earth has a relatively thin, umiform, firmly attached
crust, which has a white, dusty appearance when dry,
Amber from glacial deposits located above the ground-
water level in sandy or gravelly beds has a thick, crum-
bly crust extending deep into the intact amber in a
funnel-shaped fashion (Fig. 11). In contrast, the sea
amber (“Secestein”) found on northern European coast-
lines has only a very thin weathered crust or none at all,
as it 15 worn off by the surf.

The worst fate that can befall a piece of amber is 1o
be exposed to the dry air of a museum 1n o non-airtight
showcase. Under these conditions, weathering can
progress rather quickly. Inclusion collections most val-
uable to science. particularly the nreplaceable type
material, face the greatest risk. Included are numerous
specimens that have been cut into thin slices, some just
a few millimeters thick, for the purpose of detailed
scientific study. These specimens are thus highly sus-
ceptible 1o weathering and threatened by decay. If the
inlernal weathering process reaches the inclusion, it
turns dark red and finally brown (Fig. 20a), usually
making detailed study of the enclosed organism impos-
sible. These thin picces are also extrenely suscepiible
to fracture due to the formation of deep cracks (Fig. 20b).

Much of the type material of Ballic amber fauna and



Fig. 20a: Exuvia of a stonefly (Plecoptera, Perlodidac). The advanced oxidation process of this roughly 70 year-old specimen
is clearly visible. The red discoloration has already reached the insect.

Fig. 20b: Holotype of a weevil (Paoraupacius sitonitoides Voss, 1953). Decades of improper storage have caused a network
of hairline cracks to form on the surface of the amber, making study of the morphological details very difficulr,

flora stored in various European museums, some from
the 19th century, is in an advanced slage of weathering
and decay. Coordinated conservation programs are ur-
gently required to save at least part of these collections.

The insidious decay of amber, which can take place
within a relatively short period of time, is a well-know
problem that has led to extensive scientific study. Even
today, however. we stll know relatively little about the
physiochemical processes behind it. One thing that
appears to be certain is that the drying and cracking
leading to decay are caused by the evaporation of vol-
atile substances in the amber and that these processes
are promoled by the effects of light and heat (KovLer et
al. 1997).

Numerous attempls have been made to save amber
from this fate by proper storage. The simplest method
initially appeared to be storage in water, which would
come closest Lo the natural conditions of deposit. How-
ever, it soon became evidenl Lhat the antiseptic agents
required to purily the water altacked the amber. Al-
tempts at storage in alcohol and mineral oil resulied in
the complete destruction of valuable collections.

No salisfactory solutions to the problem were found
until modern synthetic resins were used. Today, there
are lwo methods of conservation: embedding the amber
in a two-component polyester casting resin and coaling
it with 4 one-component polyurethane resin. In addition
to conservation, embedding in casting resin has the
advanlage that precise, plane-parallel surfaces can be
ground for detailed morphological analysis. Coating is
inuch less complicated and achieves the same result in
conservation. Of course, there is still a lack of long-

term experience with both methods concerning destruc-
tive interactions between amber and synthetic resins.
However, no negalive effects have been observed in
specimens of amber inclusions from the Hamburg col-
lection, which have been embedded in synthetic resin
for more than 60 years.

1.6.4 Tissue preservation

Even though amber inclusions are basically just thinly-
lined, hollow spaces, much effort has gone into inves-
Lligating these spaces for preserved organ remains, In
general, there are two procedures for finding organ
remains in inclusions: to dissolve the amber along with
the inclusion and analyze the remains in the solvent
residue, or to open the inclusion mechanically and
examine (he two halves of the cavily under a micro-
scope. Striated muscles in diplteran and neuropteran
legs from amber inclusions were already described by
Kornrowrrser (1903) in a Russian language publica-
tion that received lillle recognition. Other authors, par-
trcularly TorNnouisT (1910}, vigorously opposed the
suggestion, referring to the impossibility of the fossil
preservation of tissue structures. They believed that
copal inclusions had probably been mistaken for amber
inclusions.

It was not until Eocene fossils in the brown coal
from Geisel Valley were surprisingly found o conlain
tissue, skin remains, pigments and epithelia (Voicrt
1935), that various scientisls were induced to reconsid-
er the conditions of preservation of animals in amber
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Fig. 21: Preserved tissue from a fossil lermite (Termopsis
bremii) from Baltic amber. a: Top view of a compound eye,
b-c: Preserved tissue (“muscles™) in the abdomen (after Ko-
HRING [998),

inclusions. Dissolving the inclusions out of the amber
led 10 impressive results that were reported in a lecture
before the scientific society known as the “Physika-
lisch-8konomische Gesellschaft zu Konigsberg” (An-
DREE & KEILBACH 1936) and thus dispelled all doubts
about KorniLowirsch’s results. Preserved tracheae, in-
testinal tissue and oviductls were found. The remains of
striated muscle were identified 1nost frequently and not
just in large insects, but rather in varying quantities in
virtually every specimen. The muscles were either ly-
g loose in the cavities or atlached to the chitinous
exoskeleton.
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Definitive proof that organ parts could be preserved
in amber inclusions was flinally provided by Voot
(1937, 1938} using the lacquer film method. He cul an
inclusion down the middle using a fine-toothed saw,
made small lacquer replicas of the two pans and was
thus able to examine the transparent preparations at
high magnification. Using this method, VoicT was able
to identity the preserved remains of muscles and trache-
ae in a number of different insect groups.

The advent of electron microscopy led to promising
new methods for researching tissue preservation in
amber inclusions. The inclusion needed only 1o be
opened and the cavity scanned for preserved tissues
using a scanning electron microscope at the appropriate
magnification (Fig. 21la-c). MirrzEsEWSKI (19764, b)
used this method on spider inclusions in Baltic amber
10 successfully identify lung remains and sitk glands.
Hexwoon (1992a.b) described the flight muscles of
various Diptera and the preservation of tissue in beetles
of Dominican amber. KOHRING & WETscHAT (1994) and
Konrmng (1998) documented the complete preservation
of organ ussue of various insecls from Baltic amber
{Fig. 21 a-c}, particularly muscles, tracheae and eyes.

Poivar & Hess (1982) described muscle fibers and
even cell structures of a fungus gnat from Baluc amber,
after having managed to visualize the ultrastructure of
a roughly 50 million year old animal cell with a trans-
mission ¢lectron microscope for the very first time.

Motivated by such spectacular results, scicntists
began Lo consider the possibility of isolating DNA, the
carrier of all genetic information, from amber clu-
sions. The studies were initially complicated by the
excessively small amounts of tissue preserved in the
amber insects. It was not until 1992 that two indepen-
dent research groups in the USA succeeded nearly
simullaneously in identifying DNA of a termite and a
bee from Dominican amber (Caxo et al. 1992, DE SalLe
et al. 1992). Even though only very small DNA frag-
ments measuring between 200 and 300 nucleotides
were isolated, the identitication of 25 million year old
DINA was still a scientific sensation. Just one year later,
the same research group (Caxo et ol. 1993) reported the
successful isolation of DNA sequences trom a Leba-
nese amber weevil, which is 120 to 130 million years
old, placing it in the age of the dinosaurs. The publica-
tion of these scientific results curiously coincided with
production of the movie “Jurassic Park™, unexpectedly
intensifying speculation about the possibilily of cloning
extinct creatures.

However, there are still doubts about the evidence of
fossil DNA of such great age. British research groups
were unable to confirm the results of the American
scientists.



1.7 Flora and fauna of Baltic amber

1.7.1 Significance of resin preservation

Despite the incredible abundance and diversity ot the
flora and fauna passed down to us [rom the inclusions
in Baltic amber, they should not be assumed to provide
complete documentation of the various biotopes that
existed in the Focene Baluc amber forests. On the
contrary, this record represents a fairly limited segment
of the flora and fauna, namely those anmimals and plants
that could come into contact with sticky resin. become
embedded in it and then be preserved as fossils. As a
result, specific bioccoenoses of the amber forests are very
well-represented, while others virtually do not appear at
all. Consequently, the material preserved in amber in-
clusions reflects the fossilization potential of the differ-
ent groups ol organisms more than their actual numer-
ical proportions. As fossil preservation can be strongly
influenced by a number of selective factors, such as the
size, habitat or behavior of the organisms, we nltimately
oblain a distorted picture allowing only limiled conclu-

sions to be drawn about the various biotopes of the
amber forest and their biological associalions (Vavra
1982, Krzeminska & Krzesminskl 1992). Any lype of
preservation of floral and faunal communities in resin
is a prime example of the fact that the comnposition is
chiefly determined by the difterent fossilization poten-
uals of the individual groups of arganisms.

An impressive example has been documented from
the plant life of Baltic amber. The most common orga-
nic inclusions are minute, radially branched trichomes
that probably originate from oak trees (Fig, 22). These
stellate hairs, which are hardly visible to the naked eye,
are found in virtually all Schlauben pieces and therelore
considered 1o be characteristic of Ballic amber. If direet
conclusions about the biotope were to be dertved from
this circumstance, then the amber forest must have been
principally an oak forest and the likely resin-producer
consequently an cak. However, as Lhere are numerous
arguments against this conclusion, the frequency of the
oak stellate hairs can only be explained by their parlic-

Fig. 22: “Seellate hairs” of the oak (size: approx. 0.5 to 1 mm). Stellate hairs are regularly found in Schlauben and are

considered to be characteristic of Baltic amber.
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Fig, 23: Malc oak flower with stellale hairs preserved “in
situ™.

ularly favorable preservation potential. The chance of
these minute, lightweight hairs being blown onto the
tacky resin surfaces by the wind and remaming stuck
there is naturally very high. On the other hand, as an
essential prerequisite for this frequency, it would have
to be assumed that oaks grew logether with the resin-
producer in the same plant community and that the buds
formed during the period of greatest resin production.
In present-day trees, natural sap secretion mainly oc-
curs in spring and early summer (Larsson 1978); the
same can be assumed for the resin-producing trees of
the Baltic amber forests.

1.7.2 Plant inclusions

The frequently discussed proportional imbalance be-
tween plant and animal inclusions in Baltic amber may
be attributable to the different preservation potentials of
the two groups.

Apant from the oak stellate hairs mentioned above,
plant inclusions, especially larger plant parts, are ex-
tremely rare in Baltic amber. On average, only one oul
of a thousand inclusions is of botanical origin.

Nonetheless, the mining of enormous quantitics of
amber has given us insight into the flora of the amber
forests and its impressive range of species, most of
which were already monographically studied during
the 19" century {GoEPPERT & BeHResDT 1843, Con-
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weNTZ 1886, 1890, Caspary & Kiezs 19073, It mus! be
kepl in mind. however, that despite the host of inclu-
stons, 4 significant number of the described taxa are
based on just a few voucher specimens, or even on a
single specimen in some instances.

No satistaclory explanation has yet been found for
the extreme rareness of plant inclusions. The chance of
plants or plant parts being preserved is certainly re-
stricted 1o a great extent by the {act that they could only
come into contacl with the tacky resin surfaces in a
passive manner, such as by wind. This particularly
applies to plants that did not grow in the immediate
vicinily of the resin-producing trees. Although this sit-
uation is understandable, it becomes absolwely incom-
prehensible in reference to the resin-producer itself,
According to prevailing opinion, pine trees are consid-
ered 1o be the resin-producer of Baltic amber. Bul
where are the needles? They must have been present in
the billions in the amber forest and among the most
common inclusions. However, the case is quite the
opposite. Only an insignificant number of needles have
been found up to now, thus repeatedly leading Lo doubts
about the identity of the resin-producer. Oddly enough,
inclusions of needles from the presumed resin-producer
are rare finds in Baltic amber.

According to ScHLEE (1990), the length of the pine
needles may be a possible, albeit unsatisfactory expla-
nation tor this occurrence. Due Lo their length, the
needles may have been only partially enclosed by a
resin flow and lefl protruding from the side of the
Schiaunbe, thus providing a starting point for subsequent
weathering processes. These would finally have led to
total destruction “from the inside out”, leaving just
hollow spaces in the shape of the needles behind. How-
ever, this hypothesis is contradicted by the fact that
needle impressions in Ballic amber are even rarer than
the needles themselves, Consequently, there is still no
plausible explanation for the scarcity not anly of inclu-
sions of the amber tree, but also of plant inclusions in
general.

1.7.3 Animal inclusions

The fauna preserved for us in Ballic amber is almost
exclusively restricted to the arthropods, with insects
and arachnids making up a majorily at nearly 99%.
Inclusions of representatives of other phyla (worms,
mollusks, vertebrates) are extremely rare and only veri-
fied on the basis of a few, isolated linds in some cases.
The numerical distribution clearly illustrates the differ-
enl preservation potential of individual animal groups.
which is influenced by mulliple factors.



One significant selection factor is size. Most of the
animals enclosed in Baltic amber are small, with a body
length of between one and five millimeters. Strong,
large animals were usually able to free themselves from
the resin and are therefore found only rarely, if at all.
Exceptions to this rule are exuviae and animals that got
caught in the resin after they were already dead. A few
inclusions of fairly large specimens show that the ani-
mals stuck to the resin became prey to others before
being completely entombed by the resin. This can fre-
quently be observed in caddisflies and termites, whose
abdomen is completely eaten away and filled with the
resin of the subsequent flow. In some instances, only
traces of relatively large animals have been left behind
in the form of individual wings and extremities, or
molting remains. The preservation potential of the indi-
vidual animal groups is primarily determined by their
habitats in the amber forest (KrzeMiNska & KRZEMINSKI
1992). Animals living on the resin-producing trees them-
selves or in the immediate vicinity were by far the most
frequent victims of the resin traps. The numerous ani-
mal communities in the different ecological niches of
the “amber tree”, from the root zone all the way up to
the treetops, have been preserved in great diversity and
detail. In addition to real tree-dwellers, we also know of
a considerable number of “visitors”, who visited the
amber tree for various reasons (e.g. hunting, reproduc-
tion, rest) and ended up getting captured in the resin
traps. One important example in this context is the great
number of small, winged insects (Diptera, Hymenop-
tera) that lived in the undergrowth of the resin-produc-
ing trees. They comprise nearly two-thirds of all Baltic
amber inclusions. These animals are assumed to have
actively flown into the resin traps. It is conceivable that
the bright yellow resin surfaces acted as light or color
traps and, together with the scent of the fresh resin, had
a “fly-catcher” effect.

In special circumstances, the chance of coming into
contact with resin can also be greatly influenced by an
organism’s specific habits (KrzemmNska & KrzZEMINSKI
1992), such as the swarming flight of certain insect
groups (Diptera, Isoptera). For example, evidence of
the various termite castes (workers, soldiers, reproduc-
tives) is based almost exclusively on the winged repro-
ductives, which landed in the resin during swarming
flights or soon after in the search of a potential nesting
site. The workers and soldiers living inside wood or in
underground tunnels had no chance of becoming caught.
Naturally, the preservation potential was also much
higher for organisms moving about on the trunks of the
resin-producing trees (ants, spiders) or inhabiting the
crevices and cracks in the bark (certain Microlepido-
ptera) (SkaLskr 1973). In contrast, the danger of noctur-

nal arthropods getting entrapped by the resin may have
been much less, as the resin surfaces hardened faster at
lower nighttime temperatures or the resin flow stopped
completely. This could explain the curious rareness of
isopods (woodlice) and myriapods (millipedes) in Bal-
tic amber. Finally, seasonal factors may also have had
an influence on the composition of animal inclusions.
Current observation reveals that resin secretion is also
highest in spring and summer in subtropical climates,
which could significantly limit the possibility of pre-
serving typical fall or winter faunas. The extreme rare-
ness of winter crane flies (Trichoceridae) in Baltic
amber is offered as evidence (KRzZEMINSKA & KRZEMINSKI
1992).

1.7.4 Scenes of life in amber

Fossils that provide information on their life history or
behaviors are exceptional objects in the science of
paleontology. They come under the field of paleoetho-
logy or ichnology, which reconstructs the behavioral
patterns of fossil organisms. Moments of life “frozen”
by fossilization require very specific embedding and
preservation conditions. Resin preservation is especial-
ly suitable for this purpose and has provided us with a
number of impressive examples. In addition to the
developmental stages of numerous insect groups, am-
ber has also passed down evidence of mating, egg-
laying, brood care, feeding and many types of social
behavior.

Copulating Diptera were frequently caught in the
resin trap and offer the unique opportunity of observing
reproductive behavior from a distant age. A number of
Diptera and Trichoptera from Baltic amber expelled
egg-strings after getting caught in the resin trap as a
reflex or an act of desperation. The eggs of fungus gnats
have an impressively delicate honeycomb structure on
the shell.

The imagoes as well as the larval and pupal stages
of various insect groups have been preserved in amber.
A superb example is provided by wood gnats (Anisopod-
idae), of which not only the larvae and wood-dwelling
pupae, but also the hatching process of the various life-
stages have been documented in fossil form.

Ants living on the amber tree left behind a remark-
able number of “snapshots”. We have evidence not only
of the various developmental stages (larvae, cocoon,
imago) and castes (soldiers, workers, reproductives),
but also of numerous scenes of everyday ant life (BACH-
OFEN-EcHT 1935).

There are a number of examples of brood care among
the arachnids of Baltic amber. For example, spider egg
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sacs have been preserved that served as protective shel-
ter for the spiderlings after having previously been
filled with eggs or a newly hatched brood (Plate 20).
One inclusion even documents a sac of this kind being
transported by a female daddy-long-leg spider. Several
specimens in Baltic amber document typical hunting
methods of the spiders, such as the use of nets or orb-
webs with the remains of prey still preserved in them.

Our knowledge of the various biological associa-
tions (e.g. parasitism, phoresy) of Baltic amber was
greatly expanded by mites. Parasitic mite larvae are
found attached to different types of flies, midges, cad-
disflies, ants, beetles and cicadas.

Another example of paleoparasitism is the eggs of
lice (nits) found on mammal hairs in Baltic amber
(Voiar 1952). This discovery provided the first fossil
evidence of animal lice (phthiriapterans).

The most famous example of parasitism in Baltic
amber is undoubtedly the “amber flea” of the genus
Palaeopsylla (Dampr 1911, HenNIG 1939, PEus 1968).
Two different species are represented in Baltic amber,
both of which appear to be closely related to extant
species of this genus (PEus 1968). This suggests that the
primary characteristics of the fleas had already evolved
50 million years ago — a fact that may very well apply
to the majority of arthropods. Present-day representa-
tives of the genus Palaeopsylla live on insectivores,

principally shrews (Soricidae) and moles (Talpidae). It
is conceivable that their fossil ancestors also parasitized
early insectivores.

Roundworms of the family Mermithidae are a good
example of the evidence of endoparasitism in Baltic
amber (Chap. 2.07). These small worms mainly parasi-
tize diptera, particularly true midges (Chironomidae).
Amber fossils indicate that this specific form of parasi-
tism and dispersal in the aquatic worm already existed
in the Eocene.

Another interesting type of behavior in the bio-
coenoses of present-day arthropods is the transport of
wingless animals by a winged, transport host (i.e. phor-
esy). This “hitchhiking”, which usually serves the dis-
persal of a species, is documented by a number of
examples in Baltic amber. The passengers are often
certain mites, whose “last ride” attached to beetles,
Diptera or Hymenoptera ended in the resin trap.

Phoresy has also been recorded among pseudoscor-
pions in Baltic amber (Chap. 2.11). These small ani-
mals of just a few millimeters in size still expand their
range of distribution today by using their pincers to
cling to midges or the legs of harvestmen and letting
themselves be carried off. There are also a few reports
from Dominican amber of wood-boring beetles (Platy-
podinae) and crane flies acting as hosts (SCHLEE &
GLOCKNER 1978, ScHLEE 1990, Pomvar 1992).

1.8 Aquatic insects in Baltic amber

1.8.1 Aquatic fauna

At first glance the preservation of aquatic organisms in
fossil tree resins appears to be rather improbable. How-
ever, if it is considered that the genesis of amber re-
quired the resins to be rapidly transported by running
waters to other locations, then it is understandable that
this fauna is relatively frequent in amber. Baltic amber
has given us special insight into the various aquatic
biotopes of the amber forests through the large number
of aquatic insect inclusions it contains (WICHARD &
WEITSCHAT 1996).

The imagoes of amphibious (merolimnetic) aquatic
insects spend a relatively short period of their develop-
mental cycle on land, e.g. stoneflies (Plecoptera) and
mayflies (Ephemeroptera). The winged insects repro-
duce and spread during this fertile phase of their life.
There is always a chance of them coming into contact
with tree resins during their dispersion and swarming
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flights, as documented by the large number of aquatic
Diptera (e.g. Chironomidae) and Trichoptera preserved
in amber.

Many aquatic insects leave their aquatic habitat for
the first time as larvae rather than imagoes, in order to
hatch outside the water at elevated, dry locations, e.g.
dragonflies and damselflies (Odonata). The larvae of
several holometabolic aquatic insects go on land to
pupate and finally hatch as imagoes, e.g. alderflies
(Megaloptera), spongillaflies (Planipennia) and water
beetles (Coleoptera). Consequently, it is no surprise
that larvae of these aquatic animals are occasionally
found in amber. In contrast, their pupae lead a hidden
lifestyle and are out of reach of the resin.

However, several very rare and isolated finds con-
tradict these explanations, such as inclusions of nymphs
of water boatman (Heteroptera: Corixidae) and rhe-
ophilous mayflies (Ephemeroptera: Heptageniidae)
(WIicHARD & WEITscHAT 1996). The larval stages of



these animal groups normally do not leave their aquatic
habitat. The same is true of amphipods (Crustacea:
Amphipoda) and ostracods (Crustacea: Ostracoda),
which can nonetheless survive in wet moss (Chap.
2.21). The occurrence of these animal groups in Baltic
amber is difficult to interpret and may be the result of
bodies of water running dry.

In addition, a few caddisfly larvae (Trichoptera) also
occur in Baltic amber (WicHARD 2000, 2001). They all
belong to the suborder Integripalpia, whose larvae al-
ways bear cases. However, none of the fossil larvae in
amber have been preserved with cases, having probably
left them beforehand. Extant larvae initially retreat into
their cases when disturbed. If they are deprived of water
for an extended period, so that the residual water in the
case drains or evaporates, the caddisfly larvae change
their behavioral strategy, leaving the case to crawl around
in an unfamiliarly dry environment. The Integripalpia
larvae in amber thus lead to the assumption that the
bodies of water they inhabited ran dry, and that they
were unable to synchronously adapt their life cycles.

1.8.2 Aquatic biotopes of the “amber forest”

The range of the aquatic insect fauna in Baltic amber
supports far-reaching conclusions about the landscape
of the Eocene “amber forest”. It bears witness to the
existence of numerous running and standing waters.
The study of the rich caddisfly fauna of Baltic amber
is a good example for analyzing paleoecological condi-
tions (ULmeR 1912). Presupposing fossil and recent
genera and families display similar behavior in adapt-
ing to their habitats (principle of actuality), ULMER
reconstructed a detailed landscape from the range of the
trichopteran fauna. A large majority of the roughly
5,000 identified Trichoptera prefer fast-flowing waters,
while a much smaller portion is characteristic of stand-
ing waters and a few species display no preference at
all. ULMmer concluded that the “catchment area” of the
resin-producing trees was a mountainous landscape
with swift mountain streams flowing down into the

valley, eventually into larger rivers and through the
lowlands.

This theory is supported by our knowledge of the
habits of other aquatic insects occurring in amber (W1-
CHARD & WEITsCHAT 1996). Mayfly larvae (Ephemero-
ptera) and particularly stonefly larvae (Plecoptera) in-
dicate a mountainous landscape with numerous, clear,
rapid and oxygen-rich running waters inhabited by lar-
vae.

A number of other amphibious insect groups pre-
served in amber provide additional information on paleo-
ecological conditions. Water bugs and the various water
beetles indicate ponds with dense vegetation. The marsh
beetle family (Scirtidae), which is represented by a
large number of species and individuals in Baltic am-
ber, suggests the presence of small puddles in the vici-
nity of the resin-producing trees, e.g. moory hollows in
swamp forests or puddles littered with leaves. The
occurrence of predaceous alderfly larvae (Megaloptera)
is an example of the hyporheic habitat of sandy, muddy,
standing and slowly running waters (WicHARD 1997).

With flies and midges, the amphibious Diptera in
amber represent a species-diverse and abundant insect
group that inhabits a wide variety of biotopes and
enables detailed descriptions of amber forest biotopes
when coupled with precise knowledge of the biology
and ecology of the taxa. Both Diptera groups include
numerous species whose larvae and pupae inhabit lakes,
ponds and puddles, or preferred running waters. SEREDS-
zus & WicHARD (2002) pointed out the special paleo-
ecological importance of true midges (Chironomidae).
True midges are among the most common inclusions in
Baltic amber and thousands of them have been pre-
served. Most of the specimens are Orthocladiinae spe-
cies characteristic of running waters. A smaller propor-
tion comprises species of the subfamily Chironominae,
which today live in stagnant, often oxygen-poor bodies
of water, e.g. on the bottom of large lakes. The great
abundance of these animals in Baltic amber further
indicates that their swarming flights took place when
the amber trees were in the phase of active amber
production.
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1.9 Biogeographical aspects

Baltic amber inclusions have been passed down to us as
a taphocoenosis. The question of whether this fossil
community was also a biocoenosis has been the subject
of intense debate since the beginning of amber re-
search.

The “amber forest” contained genera and subfamilies,
and even entire families in rare instances, that still live
virtually unchanged today in the Palearctic or Holarctic
regions, while other taxa are currently restricted to the
subtropics or tropics, principally of the Indo-Malayan
and Australian region, but also from Africa and tropical
America. From today’s standpoint, the amber fauna and
flora appear to be a mixture of exotic plants and animals
from a wide range of climates. A variety of attempts
have been made to explain this phenomenon.

Heer (1865) suspected that the amber forest had
different altitudes and assumed that temperate forms
inhabited the mountainous elevations, while thermophil-
ic forms occupied the lowlands (cf. Schusert 1961).
WHEELER (1914) believed climate changes were a more
probable explanation. According to him, the actual amber
age was preceded by a warmer period, whose subtropi-
cal-tropical elements were the last remaining evidence
of former floras and faunas. ABeL (1935) compared the
amber forest to the jungles and pine forests of Florida,
while ANDER (1942) compared it to the considerably
more humid forests of Southeast Asia. Both regions are
mixed in terms of plant and animal biogeography. An-
DER discussed another possibility that present-day trop-
ical species were strongly eurythermic in the past, i.e.
adapted to a broader temperature range. In conclusion,
the assumption that Baltic amber inclusions do not stem
from a single biotope, but rather document a wide
variety of biocoenoses, would appear to be justified.

In order to clarify this problem, WErrscuar (1997)
went back to criteria previously established by ANDREE
(1937, 1951), who had proposed investigating “wheth-
er a single amber specimen contains organisms that
indicate different regions when compared to present-
day floral and faunal regions”. ANDREE did indeed fre-
quently find “tropical” and “temperate” organisms in
the same piece of amber.
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Animals and plants enclosed by the same resin flow
must have lived at the same time, on the same tree and
under the same climatic conditions. When applied to
the problem under discussion, this can only mean that
the faunas and floras of the Eocene amber forest were
complex and cannot be assessed according to current
biogeographical criteria.

This theory is supported by the drastic geographical
and climatic changes that have occurred on earth over
the last 50 million years. Paleoclimatic data show that
the Late Mesozoic and Paleogene were characterized
by very warm climatic conditions extending all the way
into the high paleolatitudes. The Earth had no polar
icecaps. The temperature differences in the N-S direc-
tion were therefore less distinct and subtropical-tropi-
cal life forms were spread over a very large area in the
Eocene. It must be assumed that individual species had
a much greater N-S distribution than they do today. At
the end of the Eocene, roughly 40 million years ago,
plate-tectonic events triggered drastic global cooling
considered to be the most significant of the Cenozoic
Era. As a result, the climatic zones shifted towards the
equator and the differences between them became more
distinct. Subtropical-tropical faunas and floras attemp-
ted to retreat to the South and disappeared from higher
paleolatitudes.

During this period of worldwide cooling, all life
forms were exposed to exceptional selective pressure.
A great many genera and species became extinct. Fau-
nas and floras dwindled and numerous genera only
survived in isolated regions, living on as “relict spe-
cies”. Others adapted to the changed conditions and
climates and colonized abandoned biotopes. The cur-
rent biogeographical regions did not develop until the
end of the Tertiary and into the Pleistocene.

Only from today’s biogeographical point of view is
the composition of flora and fauna preserved in Baltic
amber a “curious mixture of temperate, subtropical and
tropical life forms”. In the Paleogene amber forest, they
formed a biocoenosis that functioned for several mil-
lion years in a vast region of the former northern Euro-
pean mainland characterized by stable, subtropical-
tropical climates.
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2 Flora and Fauna of Baltic amber

2.01 Ferns — Pteridophyta

The first comprehensive work on plant remains in amber
was published by GoepperT & BERENDT in 1845 and
encompassed 125 pages and seven plates. It covered
fungi, algae and lichens, as well as mosses, ferms and
flowering plunts. Sporotrichites heterospermits GOEP-
PERT & BErenDT, 1843 and Peziza (Pezizites) candida
(GoepPerT & BERenDT, 1843) Gogrrerr, 1853 were the
first fungi described from amber. Since then, there have
heen reports of both fossil species that have long been
extinel, as well as species that still survive today. These
aroups were summarized by Spaur (1993b) in a system-
atic catalog. Liceq sp. (Liceaceae) and Stemonitis splend-
ens cf. sueccini (Stemonitaceae) were the first slime
fungi (Myxomycetes) to be recorded (PirLivska 1990,
Domre 1932). Although GoerperT & BERENDT Inilially
questioned the occurrence of algae and lichens in 1845,
EHrENBERG (1848), Scatstany (1863) and Zaxox (1929)
soon after published studies of algae (Phycophyta),
particularly the diatoms (Diatomeae). Confirmed re-
ports of lichens then followed in publications by Gogp-
PERT (1852), Caspary & Kiews {1907). MAGDEFRAU
(1957) and PrLinska (1990).

The Baltic amber flora covered by GoerperT & BE-
RENDT (1845) mainly included mosses, terns and flow-
ering plants. The firsl mosses of the genera Jungerman-
nites and Muscirtes described in this early work loday
appear in updated reviews by GRrRoLLE and Fraum
(Chap. 2.02).

Although the fern-like plants, which include wue
ferms (Filicatac), are extremely rare in Ballic amber,
they were already noled by GoeppErRT & BERENDT (1845).
Two species of the polypody family (Filicatae: Polypo-
diaceae) have been described: Pecopreris humbold-
tiana GoeperERY & BERENDT, 1845 and Alethopteris ser-
rate Caspary, 1881, The frond piece shown here (Plate
1, Fig. 25), which displays some sunilarity to Pecap-
teris humboldtiana. 1s one of the few known fern inclu-
sions in Baltic amber. Fern spores have been given little
attention up 10 now (Werzer 1953). Like today’s for-
ests, the Eocene amber forest had a diverse range of
fern-like plants in the shrub and herbaceous layer. How-
ever, it Ts evident that flowering plants were dominant.
particularly the coniferous and deciduous trees.

Iiig. 25: Frond of 7 Pecopteris humboldiiana Goeerert & BerexpT, 1845 (Polypodiaceae).

Plate 1: Ferns (Pteridophyta) in Bailtic amber,

Frond of ? Pecopreris humboldtiona Goeevert & Berexot, 1845 (Polypodiaccac). x 20),
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2.02 Mosses and liverworts — Bryophyta

Bryophytes and fern-like plants are among the oldest of
the terrestrial plants. They have been confirmed as far
back as the Devonian Period 350 million years ago and
found in all subsequent geological formations. Of the
fossil bryophytes, the Tertiary forms display the great-
est structural similarity to recent mosses. Some of the
moss species found from the Tertiary Period have ap-
parently survived up until today.

With regard to the liverworts (Hepaticae), Notoscy-
phus lutescens is one of the rare species that occurs as
a fossil in Baltic amber and also as a present-day plant
in Southeast Asia, where it is primarily adapted to the
moist soils of the subtropical to tropical highlands and
lowlands (GroLLE 1988 a). The ecological requirements
of congeneric, recent species indicate that many of the
species found in amber probably preferred a moist
tropical and subtropical climate. Examples include rep-
resentatives of the genera Cheilolejeunea, Nipponole-
Jjeunea and Trocholejeunea. The genus Cheilolejeunea
today occurs south of 40 degrees latitude in the hot,
humid climate of the subtropics and tropics (GROLLE
1984). The Eocene species Nipponolejeunea europaea
has present-day relatives that exist as epiphytes on bark
in the subalpine coniferous forests (N. pilifera and
N. subalpina) and the deciduous forest zone (N. pili-
fera) of Northeast Asia, particularly Japan (GroLLE
1981a). The genus Trocholejeunea, which occurs in
Baltic amber as T. contorta, has two mesophytic, (trop-
ical-) subtropical species that are currently native to
Southeast Asia (GrRoLLE 1982).

GroLLE (1988b) elaborated a preliminary list of 18
liverwort species reported from Baltic amber, several of
which have also been recorded from the Bitterfeld

deposits in Germany. All the liverworts found in the
Bitterfeld deposits are also known from Baltic amber.
Although the range of species in Bitterfeld amber is less
diverse, it fits in well with the overall range of liverwort
species found in Baltic amber.

Franm (1996a,b, 1999, 2000a,b, 2001 a,b) sum-
marized the mosses (Musci) in Baltic and Bitterfeld
amber. In addition to numerous specimens that are
either unidentifiable or have only been determined down
to the level of genus, current findings include 12 fossil
species that are apparently extinct. Some other species
occur today in Asia. Two of these species also occur in
Europe as relicts of the Tertiary Period. Haplocladium
angustifolium (Plate 2h) is indigenous to three areas of
the southern Alps. Fabronia ciliaris (Plate 2g) is re-
stricted to the Mediterranean region and warm loca-
tions in Central Europe.

Most mosses that occurred in the early Tertiary and
continue to exist today as presumably identical species,
or in the same genera, are native to Southeast Asia.
These Asian plants include the genera Mastopoma and
Symphyodon, as well as the species Campylopodiella
cf. himalayana and Merrilliobryum cf. fabronionides
(Franm 1996b). The current distribution of many am-
ber mosses indicates not only the great age of some
species, but also the favorable tropical-subtropical cli-
mate that probably prevailed in the Eocene Epoch,
endured the subsequent ages in Southeast Asia and thus
ensured the survival of the Eocene mosses. Tt is remark-
able to note that many of the insects of Baltic amber
also appear to be very closely related to extant fauna in
Southeast Asia.

Plate 2: Mosses and liverworts (Bryophyta) in Baltic amber.

a,¢ Liverwort: Frullania schumannii a Moss stem, x 60, ¢ Moss branch, x 20.
b,d Liverwort: Radula oblongifolia b Stem apex, x 60, d Stem in ventral view, x 20.
e-f Mosses: € unknown moss, x 10, £ Muscites cf. tortifolius Caspary & Kiess, 1907, x 15.

g Moss: g Fabronia cf. ciliaris (BRIDEL, 1812) BrDEL, 1827, % 10.
h Moss: h Haplocladium angustifolium (HampE &C.MULLER, 1855) BrotrERUS, 1907, X 10.
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2.03 Flowering plants: gymnosperms — Spermatophyta: Gymnospermae

Corticolous algae, lichens and mosses that were cov-
ered by dripping resin are regularly found in botanical
inclusions. However, amber also contains fragments of
ferns and flowering plants that obviously fell into the
fossil resin. were light enough to be carrted to it by the
wind or were covered with resin as shireds on the ground.
In the past, new species were described all too quickly
on the basis of fowers, pollen, cones, seeds, fruits,
leaves, needles and twigs, as well as bark fragments.
The lack of knowledge of a plant’s overall phenotype
and the identification of individual fragments made
duplicate descriptions unavoidable. Accordingly, there
are a greal number synonyms, CzeczoTT (1961) recog-
nized and addressed this taxonomic problem in onc of
the first necessary revisions of the Battic amber flora.

Three taxa of gymnosperms are discussed: Cycadi-
nae (cycads), Coniferae (conifers) and Gnetinae (gne-
tophytes). The “very uncertain” repori (ScHUSTER 1931)
of cycads (Cycadinae) is based on a roughly | em-long
impression of a leaf described as Zantiophylfum sambi-
ense (Caspary, 1881) Caseary & Kreps, 1907. The
impression, which can no longer be located, would
likely prove 10 be an antifact. In a similar case, Caseary
& Kuiess (1907} claimed that gnelophyles (Gnetinae)
were “not observed in amber”, even though a flower
stalk had already been described as Patzea gnetoides
Caspary, 1872, “flower stalks whorled around the stems™
as Ephedra (Ephedrites) johnianus (GorpPERT & BER-

enpt, 1845) Conwenrz, 1886 and, finally, an infructes-
cence as E. mengeana (Goerperr, 1883) ConwenTZ,
1880, Conwentz (1886) classificd all three species of
the genus Patzea in the Loranthaceae family. which
belongs to the dicotyledon Angiospermae and not the
Gymnospermae.

Conifers (Coniferae) are the only Gymnospermae in
Baltic amber to date. This includes the families Cupres-
saceae, Taxodiaceae, Podocarpaceae and Pinaceae.
There are also doubts about the Podocarpaceae, partic-
ularly since this family is only classitied on the basis of
one, small leaf described us Podocarpites kowalewskit
Caspary & Kress, 1907, On the other hand, however,
Podocarpus has been confirmed as a fossil [rom the
Eocene Epoch (Larsson 1978).

According to CzeczotT (1961), the three remaining
conifer families, Cupressuceae, Taxodiaceae and Pinace-
ae, include a tolal of 33 species, if uncerlain taxa are
disregarded and additional synonyms taken into ac-
count. This revision (Czeczott 1961}, which has not yel
been supplemented with new descriptions of conifers,
includes 11 Pinaccae species in the genera Pinus (8).
Picea (1) and Abies (2), four Taxodiaceae species in the
genera Glyptostrobus (1) and Sequoia (3), 18 Cupres-
saccac species in the genera Widdringtonia (3), Thuires
(4), Libocedrus (1), Chamaccyparis (4y and Juniperus
(2), as well as uncerlain species (4).

Fig. 26: Twig of Libacedrus sp. (Coniferae: Cupressaceae),

Plate 3: Flowering plants: gymnosperms (Spermatophyta: Gymnospermae) in Baitic amber.

a-b  Cupressaceae (cypress family): a Thuires 1wig,

x 8. b Thuites \wig

x 10,

=

c-d  Cupressaceac (cypress family): ¢ Thuites flower, x 17, d Fibocedrus 1wig, x 9.
e-f  Cupressaceac (cypress family): e Twig, x 8, £ Twig, x 10.
g-b  Taxodiaceae (swamp cypress family): g Flower, x 12, b Flower, x 22,
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2.04 Resin-producing conifers — Spermatophyta: Gymnospermae

The question of the identity of the resin supplier for
Baltic amber has yet to be answered conclusively. Goep-
PERT (1850, 1853, 1883) proposed several conifer spe-
cies as candidates based on anatomical/histological stud-
ies of fossil wood. His student CoNwENTZ made an
attempt (1890) to find an answer in his “Monographie
der baltischen Bernsteinbdume” (Monograph of Baltic
amber trees), by suggesting the probability of the pine
tree described by GOEPPERT & BERENDT, Pinus succini-
fera (GoepPERT & BERENDT, 1845) Conwentz, 1890,
being responsible for resin production. From a taxo-
nomic standpoint, it is considered to be an aggregate
species associated with numerous synonymous descrip-
tions (cf. SpaHr 1993). ConweNnTZ assumed one key
factor to be the intensity of the resin production, with-
out which extensive quantities of amber would be inex-
plicable. He used pathological findings to explain the
increased resin flow, suggesting that wood-destroying
insect infestation, parasitic fungi, lightening stroke,
forest fires and storms were responsible for causing the
symptoms of a disease called “succinosis”.

In his paleohistological studies, ScHUBERT (1961)
also firmly supports Pinus succinifera (GOEPPERT &
Berenpr, 1845) Conwentz, 1890 as the resin supplier
for amber. This species is characterized by intense cork
production, but weak wood production. The late wood
consists of just a few cell layers and thickening is
minimal. The tracheids have extremely thin membranes.
The resin-filled pockets, fissures and channels (Fig. 1),
many of unusually large dimensions, indicate increased
resin production.

According to ScHuBerT (1961), this pine was the
dominant tree of Eocene amber forests: the pine-oak
forest at fairly high elevations, the thick pine-sclero-
phyllous forest along rivers and the savanna forest with
mixed pine-palm stands at relatively low, warm eleva-
tions. The drastic climate changes (humidity/tempera-

ture) resulting from the advancing Eocene ocean (Fig.
10) were associated with physiological changes, which
ScHUBERT (1961) claimed to have caused increased res-
in flow.

In addition to pines, cedars (Cedrus) and araucarias
(Agathis) have also been the subject of more recent
discussion as potential resin suppliers for Baltic amber
(Karinas 1971, Krzeminska & Krzemmnskl 1992, Krum-
BIEGEL & KRUMBIEGEL 1994). Their high, natural resin
production would be a welcome argument for rejecting
the hypothesis of “succinosis” (ConwenTz 1890) or a
metabolic disorder (Schusert 1961). Resins from ce-
dars and araucarias may be involved in the formation of
copal and other types of amber (PoiNaR 1992, GRIMALDI
1996), but not Baltic amber, in which neither cedars nor
araucarias have ever been recorded to date (SpaHr 1993 b,
PieLiNskA 1997, TurkiN 1997). Furthermore, no agathic
acid is found in Baltic amber.

The intensity of resin production in conifers is sure
to vary from species to species and very probably
corresponds to the climate to which a conifer species is
adapted. The resin production of most conifers increas-
es in a species-specific manner towards the equator,
from temperate to subtropical and tropical climates.
Consequently, what would oppose the assumption that
natural and slightly elevated resin production was com-
mon in the tropical-subtropical amber forest? If the
amber forest stretched from Central Europe all the way
to the Ural Mountains and existed for a period of
roughly 10 million years during the Eocene Epoch, then
the production of resin must have been immeasurably
high. Rivers may have flooded, washed away the soil
and carried the resin and copal into the sea. Changing
ocean currents may have repeatedly transported them to
new beds and repositioned them until they eventually
came to rest in today’s deposits.

Plate 4: Flowering plants: gymnosperms (Spermatophyta: Gymnospermae) in Baltic Amber.

a-b  Pinaceae (pine family): Needles a of an Abietoideae species, x 6, b of a Pinoideae species, x 3.
c-d  Pinaceae (pine family): Different magnifications and views of pollen, ¢ x40, d x 180.

e-f  Pinaceae (pine family): Full and partial view of male cones, e x6, f x 18.

g-h  Pinaceae (pine family): Male cones in different states of preservation, g x9, h x 5.
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2.05 Ilowering plants: angiosperms — Spermatophyta: Angiospermae

Flowering plants are quite numerous in Baltic amber
compared to all other botanical inclusions. According
1o CzeczotT (1961), 67 % of the Angiospermae were
identified on the basis of flowers, fruits and seeds, and
33 % on the basis of leaves and twigs. They are distrib-
uted among 44 families, an overview of which is shown
in Chapler 2.06. supplemented by the results of more
recent studies (WILLEMSTEIN 1978, PlELINska 1990).
Tropical and subtropical plants are represented by about
[0 to 12 families and thus make up approxiinately 25 %,
although purely tropical families (Diplerocarpaceae,
Melastomataceae and Musaceae) are apparently not
among them. There are several families of deciduous
plants from the temperate regions: Aceraceae, Betu-
laceae, Hamamelidaceae, Juglandaceae, Rosaceae, Saxi-
fragaceae and Umbelliferae. However, nearly hall the
familtes cannot be clearly linked o climatic factors.
Many display a cosmopolitan distribulion,

Of the flowering plants, the monocotyledon palm
trees suggest a subtropical to tropical climate. Overall,
the inclusions in Ballic amber indicate a diverse flora,

which was not uniform from the standpoint of the plant
sociology and characterized by a more subtropical than
ropical climate, The flora stretched far into the north-
ern latitudes, where the present-day flora is determined
by a temperale climate.

In this contexl, special emnphasis must also be given
to the dicotyledon family of the Fagaceae, which is
represented in amber by the genera Castanea, Dryo-
phylliom, Fagus, Quercites and Quercus (including Tri-
colpopollenitesy (Goepperr 1845) and contains species
characteristic of the flora in temperate and subtropical
climates, Oak flowers and parts of the inflorescence are
known Lo occur in all deposits of Baltic amber, Widely
distributed and more common are the so-called “stellate
hairs”, which develop on the flower and leaf buds of the
oak (“down”) and are shed n great numbers year after
year. They are found in nearly {ifty percent of all Ballic
amber pieces and considered 10 be an indication of a
specimen’s authenticity. Unfortunitely, no analytical
studies are available to clarify either the origin of the
fossil stellate hairs or their significance for amber.

Fig. 27: Flower of a Quercus sp. (Fagaceae),

Fig. 28: Fruit of an Ovalidiies sp. (Oxalidaceae),

Plate 5: Flowering plants: angiosperms (Spermatophyta: Angiospermae) in Baltic amber.

a-b  Fagaceae (beech family): Quercus sp. (oak), a Inflorescence, x 8, b Bud, x9.

c¢-d  Fagaccae (beech family): Quercns sp. (oak), two flowers, ¢ x 13, b x 18,

e-f e Dillemaceae (dillenia family) x 8, § Myricaceae (bogmyrile fanmuly): Leaves, x 7,
g-h g Unknown family, x5, h Salicaceae (willow fanuly): Leaves, x 22,
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2.06 Systematic overview of the flowering plants in amber — Spermatophyta

GYMNOSPERMAE (gymmosperms)
Coniferae (conifers)

Cupressaceae (cypress family)
Taxodiaceae (swamp cypress family)
Pinaceae (pine family)

ANGIOSPERMAE (angiosperms)
Monocotyledonae (monocotyledons)

Araceae (arum family)
Commelinaceae (spiderwort family)
Poaceae (= Gramineae) (grass family)
Liliaceae (lily family)

Najadaceae (naiad family)

Palmeae (palm family)

Dicotyledonae (dicotyledons)

Aceraceae (maple family)
Apocynaceae (periwinkle family)
Aquifoliaceae (holly family)
Betulaceae (birch family)
Campanulaceae (bellflower family)
Caprifoliaceae (honeysuckle family)
Celastraceae (spindle tree family)
Chenopodiaceae (goosefoot family)
Cistaceae (rockrose family)
Clethraceae (pepperbush family)

Asteraceae (= Compositae) (composite family)

Connaraceae (bean tree family)

Brassicaceae (= Cruciferae) (crucifer family)

Dilleniaceae (dillenia family)
Droseraceae (sundew family)
Ericaceae (heath family)

This overview of the flowering plant families (Spermatophyta) reported for Baltic amber is based on CzeczorT
(1961), WnieMsTEIN (1978), PreLiNskA (1990) and Seanr (1993 b). Although it has been critically assessed, it is
still of a preliminary nature. Several families have only been verified by the identification of pollen (WILLEMSTEIN
1978, WrtrzeL. 1953): Chenopodiaceae, Asteraceae, Brassicaceae, Hippocastanaceae, Tiliaceae and Urticaceae.
PELINSKA (1990) reported the occurrence of the families Najadaceae, Droseraceae and Vitaceae without providing

Euphorbiaceae (spurge family)
Fagaceae (beech family)

Geraniaceae (geranium family)
Hamamelidaceae (witch hazel family)
Hippocastanaceae (horse chestnut family)
Lauraceae (laurel family)
Loranthaceae (mistletoe family)
Magnoliaceae (magnolia family)
Myricaceae (bogmyrtle family)
Myrsinaceae (myrsine family)
Olacaceae (tallow wood family)
Oleaceae (olive family)

Oxalidaceae (woodsorrel family)
Papilionaceae (bean family)
Pentaphylaceae

Pittosporaceae (pittosporum family)
Polygonaceae (buckwheat family)
Proteaceae (silky oak family)
Pyrolaceae (wintergreen family)
Rhamnaceae (buckthorn family)
Rosaceae (rose family)

Rubiaceae (bedstraw family)
Salicaceae (willow family)

Santalaceae (sandalwood family)
Saxifragaceae (saxifrage family)
Scrophulariaceae (figwort family)
Theaceae (tea plant family)
Thymelaeaceae (daphne family)
Tiliaceae (lime family)

Ulmaceae (elm family)

Apiaceae (= Umbelliferae) (parsley family)
Urticaceae (nettle family)
Vitaceae (grapevine family)

any further evidence. A revision of the flowering plants will give a detailed picture of the amber flora.

Plate 6: Flowering plants: angiosperms (Spermatophyta: Angiospermae) in Baltic amber.

a Rosaceae (rose family): Flower, x 12.

b Hamamelidaceae (witch hazel family): Flower, x 15.

c-d  Clethraceae (pepperbush family): ¢ Flower, x8, d Bud, x11.

e-f  Theaceae (tea plant family): Flowers, e x 10, f x 8.
g-h  Oxalidaceae (woodsorrel family): Fruits, x 12.
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2.07 Worms — Nematoda, Annelida

The body shape of worm-like animals is an indication
of their adaptation to a subterranean or parasitic life-
style. The worms that have been found to date in Baltic
amber include the Nematoda (roundworms) of the phy-
lum Nemathelminthes and the Oligochaeta (oligochae-
te worms) of the phylum Annelida.

Most nematodes are just a few millimeters long and
live in the soil. The great number of species and indi-
viduals makes roundworms the largest group of soil
animals. Despite this fact, soil-dwelling nematodes are
rare in amber, because they live euedaphically, deep in
the root area of plants and in the pore system of the soil.
Most of the few nematodes found in amber are parasitic
Mermithidae that infest insects. PoiNAR (1984), SCHLEE
& GLOcRNER (1978) and Scrriee (1990) all mention
Mermithidae on midges, whose larvae live in water
(Plate 7). Many recent Mermithidae are aquatic and lay
egg masses in the muddy bottom of a body of water or
on aquatic plants. After hatching, the larvae search for
aquatic insects, bore into the insect’s body and feed as
endoparasites in the second larval stage. The hosts are
often midge larvae (Chironomidae). A number of worms
are carried phoretically to new biotopes by adult mid-
ges and, 40 to 50 million years ago, some apparently
ended up being brought by chance into Baltic amber.
Due to the difficulty of identification, the fossil species
described by DuisBura (1860) and MeNGE (1866, 1872)
are assigned collective generic names for fossil nema-
todes: Heydenius (Mermithidae) and Oligoplectus
(Plectidae), as well as Verus (fam. incert. sed.) for free-
living nematodes that cannot be assigned to any family
(cf. Spanr 1993 a).

The soil-dwelling worms also include the Oligochae-
ta of the family Enchytracidae. They live in the leaf
litter and also deep underground as substrate-feeders.
Like earthworms, they come above ground as soon as
living conditions in the soil deteriorate due to the weather.
Predaceous flies (Dolichopodidae) take advantage of
this opportunity to grab small Enchytraeidae with their
proboscis, pull them out of the ground and then take the
prey to a safe place, usually leaves. A worm can be torn
in two when it is grabbed and extracted from a poten-
tially fixed position in the ground.

UrricH & Scumerz (2001) applied this observation
of recent Dolichopodidae and Enchytraeidae to a sce-
nario in Baltic amber. A small specimen contains both
a 2.4 mm-long dolichopodid (Gheynia bifurcata) and a
fragment of an enchytraeid worm (Plate 7g,h). The
worm is slightly arched and only its caudal end has
been preserved. The head and front section are missing.
Body fluids may have flowed out at the point of rupture
and formed the visible halo around the wound. The fly
and the worm are located in the same resin flow of a
slightly rounded drop of amber, which is covered by a
second resin flow that encases the two animals together.
All signs indicate that the worm fragment got caught in
the amber as prey.

This taphocoenosis confirms that Dolichopodidae
already preyed on Enchytraeidae in the Eocene amber
forest. It illustrates how soil-dwelling Oligochaeta may
have gotten captured in amber. This scenario provides
a plausible explanation for the rareness of Enchytraei-
dae which, as soil-dwellers, do not have an affinity for
resin.

Plate 7: Worms (Nematoda, Annelida) in Baltic amber.
a,b

Free-living (?) roundworm (Nematoda), x22.

Free-living (?) roundworm (Nematoda), x 25.

g e a6

Crane fly (Limoniinae) with a swarm of small roundworms (Nematoda?), a x 12, b x25.
Sciarid fly (Sciaridae) with roundworms (Nematoda, Mermithidae?), x22.

Midge (Chironomidae) with roundworm (Nematoda, Mermithidae?), x 20.

Long-legged fly (Dolichopodidae): Gheynia bifurcata with Enchytraeidae, x 10.
Oligochaete worm (Oligochaeta, Enchytraeidae): Fragment, front section severed, x 30.
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2.08 Snail shells in Baltic amber — Mollusca: Gastropoda

Of the mollusks (Mollusca), only snails (Gastropoda)
with a shell have been reported from Baltic amber.
KieBs (1886a,b), SANDBERGER (1887) and BACHOFEN-
Ecut (1949) studied snails in amber. More recent works
are not available, as only a few individual discoveries
have been made in the past few years. Overviews have
been elaborated by Larsson (1978) and SpaHr (1993 a).

The terrestrial snails that have been reported are
lung snails. According to SpaHr (1993a), the following
species of Pulmonata have been described:
Clausiliidae

Balea antiqua KiEss, 1886

Helicidae

Helix sp. Bacuoren-Echr, 1949
Parmacellidae

Parmacella succini KLEBS, 1886
Pupillidae

Vertigo hauchecornei Kigps, 1886

Vertigo kiinowii KLEBs, 1886
Zonitidae

Hyalina alveolus SANDBERGER, 1887

Hyalina gedanensis (KLEBs, 1886)

Hpyalina sp. Kuess, 1886

Microcytis kaliellaformis KLEBs, 1886

The amber snails appear to be related to snails of the
South and East Asian fauna, as well as to North Amer-
ican species. Helix is said to be closely related to Afri-
can species (BacHoreN-EcHT 1949). The tropical-sub-
tropical species appear to dominate overall.

In addition to the pulmonate snails cited, KLEBS
(1886 a,b) also described another species, Electra kowa-
lewskii KLEBs, 1886, which he assigned to the terrestrial
family (Cyclostomatidae) of prosobranch mollusks
(Prosobranchia).

The snail shown in Plate 8 d appears to be the only
known specimen in amber to extend its soft body far out
of the shell. If this is not merely an artifact, the snail
appears to be creeping on its foot over a resinous floor.
No slime trails are evident. At the front, the right tenta-
cle can be seen on the protruding head region. The snail
did not become fully embedded until it was covered by
a second gush of resin, which must have been of very
low viscosity. While the tentacles normally retract at
the slightest disturbance, the right tentacle appears to be
extended in this case and there are no identifiable signs
of retraction.

Plate 8: Snails (Mollusca: Gastropoda) in Baltic amber.

a-d  Snail shells (Gastropoda: Pulmonata), a x 16, b x15, ¢ x 12, d x 15.
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2.09 Scorpions in Baltic amber — Arachnida: Scorpiones

The arachnids (Arachnida) are represented in Baltic
amber by scorpions (Scorpiones), pseudoscorpions
(Pseudoscorpiones), harvestmen (Opiliones), mites
(Acari) and, in particular, spiders (Araneae). The Arach-
nida have common features that distinguish them from
other arthropods: the body is divided into the anterior
prosoma and the posterior opistosoma. Arachnids do
not have antennae. The prosoma is equipped with six
pairs of appendages. The first pair is the chelicerae,
which have evolved into mouthparts that engage in
pincer-like fashion. The chelicerae are bodkin-shaped
in some mites and have evolved into retractable poison-
ous claws in several harvestmen. The second pair com-
prises the powerful (in the Scorpiones and Pseudoscor-
piones), frontal pedipalps, which are also used for feed-
ing. Finally, arachnids have four pairs of walking legs
with seven segments each.

Unfortunately, all that remains of the first specimen
described by HoLL (1829) as Scorpio schweiggeri is a
rather rough sketch and the description itself, as the
inclusion was already considered to have been lost in
the 19th century. The description only allows the sys-
tematic classification of the species in the family Buthi-
dae.

Mence (1869) described a new species as Tityus
eogenus on the basis of two other specimens from
Baltic amber. In contrast to Scorpio schweiggeri, which
the field of science hardly took note of at the time, this
discovery attracted a great deal of attention, particular-
ly due to its taxonomic classification in a recent, Neo-
tropical genus. However, as both of these specimens
also disappeared shortly after being described, the ques-
tion of their exact taxonomic classification remains
unanswered. The relatively imprecise diagram and de-
scription only permit us to conclude that Tityus eogenus
probably belongs to the family Buthidae.

In 1994, a fourth scorpion was found that is also
from the family Buthidae (LOURENCO & WEITSCHAT
1996). Most of the features indicate that this new find
is closely related to the present-day genus Lychas.
Nevertheless, several primitive features made it neces-
sary to a make a distinction and establish a new genus.
The specimen, which was redescribed as Palaeolychas
balticus, is a subadult male of only 1.3 cm in length that
can be assigned to the group of “microscorpions”. They
are considered to be “primitive forms” and include
various, extremely small species with a simply struc-
tured keel and body. This group includes the recent
genera Tityobuthus Pocock and Microcharmus LOUREN-
co, which are today endemic to Madagascar, as well as
representatives of the genus Charmus Karsch, which
are native to Sti Lanka and Thailand.

Representatives of the closely related and widely
distributed genus Lychas occur in parts of Africa, on the
Seychelles and Mauritius, in the Indo-Malayan region,
the southern Palearctic regions (China, Nepal) and north-
ern Australia. This new discovery shows that the scor-
pion fauna of Baltic amber was more closely related to
the present-day fauna of the Old World. This conclu-
sion is further supported by Palaeolychas balticus,
another subtropical-tropical species of Baltic amber
whose closest modern relatives are indigenous to the
tropical forests of Southeast Asia and Australia.

Three additional discoveries of scorpion inclusions
also belong to the family Buthidae and have been as-
signed to new genera and species: Palaeotityobuthus
longiaculeus, Palaeoprotobuthus pusillus and Palae-
oakentrobuthus knodeli. These new finds expand our
knowledge of fossil scorpion fauna and indicate the
remarkable biodiversity of scorpions in the Paleogene
Baltic amber forest (Lourenco & WErrscaar 2000).

Plate 9: Scorpions (Arachnida: Scerpiones) in Baltic amber.

Amber scorpion Palaeolychas balticus Lourengo & Werrschat, 1996 (Buthidae), holotype, x 12.
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2.10 Pseudoscorpions — Arachnida: Pseudoscorpiones

Pseudoscorpions were given the vemacular name “hook
scorpions” towards the end of the Middle Ages, when
scholars derived their knowledge of natural hislory
from books rather than Nature. They could directly
observe pseudoscorpions preying on booklice in books.
The flat, short body with its Lwo, sirong pedipalp pin-
cers atlracted atrention and wvas reminiscent of scorpi-
ons. In ignorance of their original habitat, the scholars
called these animals “book scorpions”. Their size of
Jjust 1 to 7 mm and lack of a sting on the tail are distinct
fealures that make it necessary to classify these arach-
nids not with the Scorpiones, but in their own laxonom-
ic group: Pseudoscorpiones.

Due (o their epedaphic habits, pseudoscorpions are
perhaps most accurately referred to as “moss scorpi-
ons”. They live in stone fissures and moss. under (tree
hark and often in the surlace litter of humus-rich forest
floors. Their flat bodics are adapted to this habitat. The
lateral position of the four pairs of legs and the far,
forward extension of the pedipalps einphasize the dor-
soventral flattening of the body. Pscudoscorpions are
predaceous animals that hunt the surface litter for Coll-
embola, miles and other small, sotl-dwelling animals.

Fig. 29: Neobisiim extinctum Berer, 1955 (Neobisiidae),
hololype.

Their biology and ecology have been comprehensively
discussed by BEER (1937, 1947, 1963), Vacuow (1949),
WEeEyGoLDT (1966, 1969) and LeGa & Jones (1988).
Based on the taxonomic work of BrEr (1963), the
Pseudoscorpiones are divided into three suborders, all
of which are represented in Baltic amber (Plate 10):

Chthoniinea, e.g. Chthonius mengei

Neobisiinea, e.g. Neobivium extinciiom
Cheliferinea, e.g. Cheiridium hartmanni, Electro-
chelifer balticus.

b=

To date, 25 fossil species of Pscudoscorpiones in Baltic
amber have been described by Kocn & BerenpT (1854),
Menge (1855) and Bemr (1937, 1947, 1955). Most of
them are related to contemporary species of Central
Europe and are either bark-dwellers (Cheiridiidae, Cher-
netidae, Cheliferidae) or soil-dwellers (Chthoniidae,
Neobisiidac). Other species in amber are related (o
present-day species of the Nearctic region (Pseudoga-
rypidae: Pseudogarypus extensus BEER, 1937, P. hemp-
riciii (KocH & BerenDT, 1854), P ninor BeER, 1947)
and the tropical to subtropical zones (Alemnidae: Progo-
natemnis succinens BEER, 1955).

Fig. 30: Progonatemnus succineus BEEr, 1955 { Atemnidae),
holotype.

Plate 10: Pscudoscorpions {Arachnida: Pseudoscorpiones) in Baltic amber,

a Cheliferidae, x 10.

¢ Neobisiidae: Neobisium extincrum, holowype, x 12,

e Atemnidae: Progonatemnus suecineus, holotype, X 15,
g Cheliferidae, x 10.

b Cheliferidae: Head with pedipalps, x 15,

d  Garypidae, x 12,

f Cheliferidae: Elecrrochelifer balticns, holotype, x 12
h  Cheiridiidae: Cheiriditon hartinanai, % 12.
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2.11 Phoresy in pseudoscorpions — Arachnida: Pseudoscorpiones

The term phoresy refers to a mode of behavior in which
small animals are transported by larger carrier-animals
over long distances or extended periods of time to new
habitats. The interacting animals come into contact
when they both colonize the same habitat at least tem-
porarily. Phoresy is a means for species to spread and
propagate. This behavior is common among arthropods
and also observable in Baltic amber among soil mites
(Acari), particularly moss mites (Oribatida) (BEEr 1937,
1948, MucaMORE 1971, VacuoN 1949).

The transport hosts in Baltic amber, which phoreti-
cally transport pseudoscorpions as airborne passengers,
include midges (Diptera: Tipulidae: Limoniinae), hy-
menopterans (Hymenoptera: Braconidae, Ichneumoni-
dae) and caddistflies (Trichoptera) (MENGE 1855, BEER
1937, 1948, ScHLEE & GLOCKNER 1978, SCHAWALLER
1978):

Chernetidae (indet.) on Tipulidae: Limoniinae
Oligochernes bachofeni on Braconidae (Plate 11 a)
Pycnochelifer kleemanni on Braconidae
Oligochelifer berendtii on Ichneumonidae and Tri-
choptera.

b NS

The pedipalp pincers are effective grasping organs used
by pseudoscorpions to grip the carrier-animals, prefer-
ably on the legs. If two pseudoscorpions take advantage
of the same midge as a carrier-animal — something
which occurs only rarely, but also in amber — they
inevitably grasp opposing legs of the carrier-animal and
thus unintentionally ensure the balance of the flying
insect.

Long-legged harvestmen (Opiliones) are preferred
carrier animals for pseudoscorpions (Fig. 31, Plate
11b, ¢). The predaceous harvestmen search for food in
the surface litter and encounter epedaphic pseudoscor-
pions in the process. Their passengers, who hold onto
the thin legs with their pedipalps, are transported from
one place to another in long, fast strides. The fact that

both partners inhabit the surface litter or the bark of tree
trunks ensures that pseudoscorpions will always have
access to these habitats.

This phoretic relationship still helps pseudoscorpi-
ons spread today, just as it did back in the Eocene Epoch
— even though the transfer sometimes came to an unex-
pected end as a fossil in amber (Plate 11).

Fig. 31: Pseudoscorpion on the leg of a harvestman (Opilio-
nes) (after CLouDSLEY-THOMPSON 1988).

Plate 11: Phoresy among pseudoscorpions (Arachnida: Pseudoscorpiones) in Baltic amber.

a Pseudoscorpion Oligochernes bachofeni BEEr, 1937, holotype, on a braconid wasp (Braconidae), ><78.
b Pseudoscorpion clinging to the leg of a harvestman (Opiliones) (+ ground beetle), "x 7. '
¢ Pseudoscorpion with the left pedipalp on the tibia of a harvestman (magnification), x 25.
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2.12 Harvestmen — Arachnida: Opiliones

Harvestmen or daddy-longlegs generally prefer the soil
as a habitat (MARTENS 1978, ErsENBEIs & WICHARD 1985).
They move about in the upper soil layer of shady, damp
forests, primarily in the leaf litter and under wood and
stones. These predators capture prey using their cheli-
cerae (mouthparts), pedipalps and front pair of walking
legs. Their prey includes small soil animals, particular-
ly snails and arthropods. Some species switch during
the day to herbs, shrubs, bushes and trees. Only rarely
do they venture out into open terrain. PrEFER (1956)
described the habits of harvestmen based on their dis-
tribution on the ground and in the herbaceous, shrub
and tree layers. The Opiliones recorded in Baltic amber
have yet to be subjected to corresponding paleobiologi-
cal classification.

Despite their adapted and somewhat reclusive life-
style, harvestmen are unusual animals that can easily be
distinguished from all other arachnids not only as living
specimens, but also as fossils in Baltic amber. Typical
features of many Opiliones include the long legs they
use to nimbly carry their short bodies over the ground.
The prosoma and opistosoma are fused into a rounded
body. The laterally oriented eyes are positioned central-
ly on a dorsal tubercle.

KocH & BERENDT (1854) and MEeNGE (1854) in BEr-
enpT, G. C. (1845-1856) described the harvestmen in
Baltic amber. Only Roewer (1939) has studied the
Opiliones since then, even though new finds and inter-
esting forms have come to light (Plate 12), which sup-
port far-reaching conclusions about the Eocene past of
the Opiliones when compared to recent animals.

Larsson (1978) points out that numerous loose legs
from harvestmen are encased in amber. Many of them
apparently managed to escape, leaving just a leg or two
stuck to the resin.

Caddidae (Caddonidae)

Caddo dentipalpus (KocH & BEerenpT, 1854)
Gaggrellidae

Liobunum inclusum ROEWER, 1939

Liobunum longipes MENGE, 1854
Gonyleptidae

Gonyleptes nemastomoides Kocn & BerenpT, 1854
Nemastomatidae

Mitostoma denticulatum (Kocu & BEerenDT, 1854)

Nemastoma clavigerum MENGE, 1854

Nemastoma incertum Kocu & BERENDT, 1854

Nemastoma succineum RoEwWER, 1939

Nemastoma tuberculatum Koca & BErReNDT, 1854
Phalangiidae (Phalangodidae, Gyantidae)

Cheiromachus coriaceus MENGE, 1854

Dicranopalpus palmnickensis ROEwWER, 1939

Dicranopalpus ramiger (KocH & BERENDT, 1854)

Opilio corniger MENGE, 1854

Opilio ovalis KocH & BERENDT, 1854

Opilio ramiger KocH & BERENDT, 1854

? Scotolemon nemastomoides (KocH & BERENDT, 1854)
Sabaconidae

Sabacon bachofeni ROEWER, 1939

Plate 12: Harvestmen (Arachnida: Opiliones) in Baltic amber.

a Phalangiidae: Dicranopalpus sp., x4.
¢ Phalangiidae: Megabunus (?) sp., x 8.
e Nemastomatidae, x5.

g Caddidae: Caddo sp., x 8.

Phalangiidae: Dicranopalpus sp., x 12.
Phalangiidae: Sclerosomatinae, x 10.
Nemastomatidae, x 10.

Sabaconidae: Sabacon sp., x 10.
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2.13 Mites — Arachnida: Acari

Mites (Acari = Acarina) are the most successful arach-
nids in terms of the number of species and their world-
wide distribution. They populate marine and freshwater
environments, parasitize plants and animals and inhabit
the soil on all continents in a.density that is only
exceeded among the soil fauna by protozoa and round-
worms. The diversity of mites in the Eocene Epoch was
probably no different than today, as evidenced by the
numerous mite inclusions found in many pieces of
amber. Mite inclusions are often very small and easily
overlooked, as the larger inclusions usually attract the
most attention.

The order Acari comprises three suborders, Acari-
formes, Opilioacariformes and Parasitiformes (L.inpQuisT
1984, Evans 1992), and includes mites as well as ticks.
The usually oval body is often thin, but always sclero-
tized if above-ground evaporation makes it necessary to
minimize water loss. The sclerotized mites in the subor-
der Acariformes are the Oribatida (wood or moss mites),
while those in the suborder Parasitiformes include the
Ixodida (ticks) and Holothyrida, which live on moss and
fern plants in the tropics. Although mites have four pairs

Fig. 32: Mites (Arachnida: Acari).

of legs, they frequently walk on three pairs, using the
first pair for tactile functions (Plate 13 e, g, h).

Ticks (Plate 13 a) were first reported in Baltic amber
by WEIDNER (1964) in a description of the species Ixo-
des succineus (Plate 13 a). According to WEDNER, this
fossil species is closely related to the recent Ixodes
ricinus, differing only slightly in terms of the shape of
its coxal spines. WEIDNER (1964) suspects that, like
recent species, the Eocene form fed on the blood of
lizards and small mammals.

Kocu & Berenpt (1854) described 16 mite species.
Another three were added by Karscu (1884). The wood
or moss mites from Baltic amber (Plate 13¢) were
analyzed by Serinick (1919, 1927, 1931) and compiled
into a list with 71 Oribatidae species. “Of the Oriba-
tidae in amber that resemble present-day forms, many
are so similar that you could easily mistake them for
current forms, if you were unaware you were dealing
with amber inclusions™. SELLNICK (1931) thus described
several amber moss mites as fossil forms of extant
species. In his opinion, the evolution of the Oribatidae
has been stagnant for the last 40 to 50 million years.

Plate 13: Ticks and mites (Arachnida: Acari) in Baltic amber.

a Ixodidae(tick): Ixodes sp., x25.

¢ Oribatidae (moss mites): Liodes sp., x 50.
e Parasitengona (mites), x 15.

g . Parasitengona (mites), x 18.

b Bdellidae (snout mites), x 30.

d Caeculidae (mites), x 30.

f Erythracidae (mites): Eatoniana sp., % 16.
h Parasitengona (mites), x 18.
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2.14 Parasitism and phoresy in mites — Arachnida: Acari

The characteristic habits of mites include parasitism
and phoresy (Krantz 1978). The hosts or carrier ani-
mals for the parasitic or phoretic lifestyle with soil
mites originate from the epedaphic soil fauna and are
usually arthropods, such as midges, flies, spiders, har-
vestmen or woodlice. In the case of water mites (Hy-
drachnellae), the carriers are merolimnetic (amphibian)
insects that live in water in the developmental stages
and occasionally on land as imagines. Unequivocal
indications of whether a case involves phoresy or para-
sitism are often lacking in amber. This question can
only be answered very cautiously by way of compari-
son with recent examples. Phoresy (cf. Chap. 2.11)
helps mites spread, in that migratory nymphs attach
themselves to carrier animals and are carried away. All
migratory nymphs have reduced mouthparts and none
of them feed. Consequently, such forms cannot be taken
into consideration as parasites (EISENBEIS & WICHARD
1987).

The mite eggs hatch into larvae, which are generally
followed by three additional larval stages: protonymphs,
deutonymphs and tritonymphs. These stages are not,
however, fully developed in all taxonomic groups. The
deutonymphs are the most important transport stage for
mites and are referred to as migratory nymphs. They are
phoretic and use special adhesive organs to cling to
carrier animals. Deutonymphs in the family of tortoise
mites, Uropodidae (Parasitiformes, Mesostigmata, Uro-

podina), secrete a substance from the anus that hardens
to form a rigid stalk they use to attach to the carrier
animal. Deutonymphs in the Anoetidae family (Acari-
formes, Sacroptiformes, Astigmata) use a sucker to
attach to smooth surfaces. Both structures, whether
stalked or suctioned, allow enough room for numerous
migratory nymphs, more than 50 of which have been
found on a checkered beetle (Cleridae) in Baltic amber
(Plate 14 a,b).

Examples of parasitism in mites are provided by the
family Erythracidae (Acariformes, Trombidiformes,
Prostigmata), which is represented in Baltic amber by
the genus Leprus. The extant species of this genus
prefer sclerotized areas on the hosts and apparently
avoid the intersegmental membranes. The fossil nymphs
sit in the pronotum region and penetrate the cuticula
with their chelicerae. The hosts are midges (e.g. Myce-
tophilidae, Plate 14¢, and Limoniinae, Plate 14 d) and
flies (e.g. Dolichopodidae, Plate 14e). Present-day Lep-
tus species have a broad host spectrum that encompass-
es the range of insects and arachnids living on the
ground surface. The nymphs attach themselves by means
of a sticky secretion from the gnathosoma and use their
bodkin-like chelicerae to penetrate the cuticula. They
remain in this position for five to eight days, sucking on
the hemolymph of the host until their weight increases
by a factor of 15 to 25, after which they let themselves
drop and continue their development.

Plate 14: Parasitism and phoresy among mites (Arachnida: Acari) in Baltic amber.

a-b  Uropodidae: Tortoise mites on a checkered beetle (Coleoptera, Cleridae), a x 8, b x20.

c Erythraeidae: parasitic mite larva Leprus sp. on a fungus gnat (Diptera, Mycetophilidae), x 15.
Erythraeidae: parasitic mite larva Leptus sp. on a crane fly (Diptera, Limoniinae), x 22.

e Erythracidae: parasitic mite larva Lepius sp. on a long-legged fly (Diptera, Dolichopodidae), x 90.
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2.15 Spiders in Baltic amber — Arachnida: Araneae

Spiders (Araneae) are just as common in Baltic amber
as ants, beetles, midges and flies. Their frequency,
which is estimated to be at least 8 % of all inclusions
(Krzemmska & Krzeminskl 1992), is coupled with a
broad species diversity. The fossil species are divided
among extinct, as well as surviving, present-day genera
and families. Reliable identification is usually only
possible with male specimens. Their external sex char-
acteristics are good criteria for describing the species.
However, disregard for this limitation has led to some
incorrect descriptions and numerous synonyms.

The first fundamental studies of amber spiders were
published by Kocu & BErenDT (1854), in BERENDT
(1845-1856), and by PETRUNKEVITCH (1942, 1950, 1958)
in a second phase of examination nearly 100 years later.
Research on amber spiders has not stood still since then
and was revived in a third phase by studies of Mexican
(PETRUNKEVITCH 1963, 1971), Dominican (SCHAWALLER
1981 a,b, 1982, 1984, WunperLICH 1988) and Baltic
amber (WUNDERLICH 1986, 1993 a,b).

The following list of recorded families is based on
WunDERLICH (1996), apart from a few changes: the
families Agelenidae (funnel weavers) and Hahniidae
(hahniids) were retained and not classified as subfamilies
of other families. The 43 families are supplemented by
the two questionable families Theraphosidae and Cten-
idae. The list clearly shows that spider fauna is well-
represented in Baltic amber. Taking into account the
growing number of new descriptions of fossil species,
a revision of the amber spiders may lead to the identi-
fication of even more families (WunDERLICH 2001, in

prep.).

Suborder MycaLomorPHAE (Orthognatha)
Ctenizidae (trapdoor spiders)
Dipluridae (bird spiders)

Suborder AraNneomorrHAE (Labidognatha)
Agelenidae (funnel weavers)
Amaurobiidae (hackledmesh weavers)

Anapidae (anapid spiders)
Anyphaenidae (ghost spiders)
Araneidae (orbweavers)
Archaeidae (dawn spiders)
Clubionidae (sac spiders)

Corinnidae (= Myrmeciidae) (antmimic spiders)

Cyatholipidae (cyatholipid spiders)
Deinopidae (net-casting spiders)
Dictynidae (meshweb weavers)
Dysderidae (dysderids)
Ephalmatoridae (fossil only)
Gnaphosidae (ground spiders)
Hahniidae (hahniids)

Hersiliidae (hersiliid spiders)
Leptonetidae (leptonetid spiders)

Linyphiidae (dwarf weavers, sheetweb weavers)

Liocranidae (liocranid spiders)
Mimetidae (pirate spiders)

Nesticidae (cave cobweb spiders) (incl. Acrometa)

Oecobiidae (flatmesh weavers)
Oonopidae (dwarf sixeyed spiders)
Oxyopidae (lynx spiders)
Philodromidae (philodromid spiders)
Pholcidae (daddylongleg spiders)
Pisauridae (nursery web spiders)
Plectreuridae (plectreurid spiders)
Salticidae (jumping spiders)
Scytodidae (spitting spiders)
Segestriidae (segestriids)

Sparassidae (= Heteropodidae) (hunting spiders)

Spatiatoridae (fossil only)
Synotaxidae (synotaxid spiders)
Telemidae (telemid spiders)

Tetragnathidae (longjawed orbweavers)

Theridiidae (cobweb weavers)
Theridiosomatidae (ray orbweavers)
Thomisidae (crab spiders)
Uloboridae (hackled orbweavers)
Zodariidae (zodariid spiders)

Plate 15: Spiders (Arachnida: Araneae) in Baltic amber 1.

a Dipluridae: bird spider, x 9.

¢ Scytodidae: Scytodes weitschati (holotype), x 10.
e Archacidae: Archaea paradoxa, x 12.

g Araneidae: orbweaver, x 8.

=T

Oonopidae: Orchestina tubulosa, x 12,
Spatiatoridae: Spatiator praeceps, x 12.
Hersiliidae: hersiliid, x 8.

Uloboridae: hackled orbweavers, x 9.




69



2.16 Erequency of amber spiders — Arachnida: Araneae

In view of the fact that the Baltic amber forest survived
for 10 million years, it is likely that the abundance of
the various species stabilized in ecological and etholog-
ical terms and thal selection pressures became relative-
ly moderate. Several of the euryecious species probably
colonized the widest variety of environments in the
Baltic amber forest (WuNDERLICH 1986). These biotopes
primarily included the crevices and surface of tree bark.
Small spiders with sufficient jumping capabilities had
the highest probability of being caplured in fossil resin.
The bark-dwellers include the common dwarf sixeyed
spiders of the genus Orchestina (Oonopidae). They are
joined by the cobweb weavers (Theridiidae). including
Dipoena and Clya, the web-spinming Acrometa cristata
and Arandrus inermis, as well as the dwaf weaver
{Linyphiidae) Custodela chetracantha, all of which
spun their nets near the trunk, between forked branches
or possibly in the system of crevices in the bark, The
lively behavior of some species may well have contrib-
utedl to their frequency in amber. The preference of the
Orchestina species and the Salticidae (jumping spiders)
for jumping increased the probability of their caplure,
regardless of the question as to whether the spiders
were also attracted by the odor and color of the resin,

The genera Dipoena and Clya of the family Theridi-
idae {cobweb weavers) and the genus Orchestina of the
family Oonopidae (dwarf sixeyed spiders} display the
greatest abundance of individuals in amber, followed in

order of descending frequency by cave cobweb spiders
(Nesticidae: Acrometa), synotaxids (Synotaxidae: Anan-
drus), dawn spiders ( Archaeidae: Archaea), dwart weav-
ers (Linyphiidae: Custodela) and jumping spiders (Sal-
ticidae).

Fig. 33: Dawn spider (Archaeidae).

Plate 16: Spiders (Arachnida: Araneae) in Baltic amber 11.

a  Archaeidae (dawn spiders): Archaea paradoxa, x 33,
I Salicidae (jumping spiders): juinping spider, x 72,
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2.17 Climatic environment of amber spiders — Arachnida: Araneae

The diversity and composition of the fossil spider fauna
in Baltic amber give insight into the climatic conditions
under which spiders lived in the Eocene amber forest.
Impressions of this climate are partly based on the
comparison of spider families recorded from Baltic
amber with those that still occur today. The climate in
their current areas of distribution provides information
on the paleoclimate to which their Eocene predecessors
were adapted.

According to WUNDERLICH (1986, 1996), the spiders
that have been identified in Baltic amber and are today
primarily distributed in the tropics include, among oth-
ers, Ctenizidae: Ctenizinae, Dipluridae, Oecobiidae:
Urocteinae, Hersiliidae, Archaeidae, Deinopidae, Ana-
pidae: Anapinae, Theridiosomatidae, Cyatholipidae and
Thomisidae: Stephanopinae. However, the spider fauna
found in distinctly tropical Dominican amber compris-
es twice as many tropical families. Baltic amber partic-
ularly lacks the exclusively tropical families (sub-
families): Tetrablemmidae (Tetrablemmonae), Aranei-
dae (Nephilinae), Selenopidae, Salticidae (Lyssoman-
inae). It must be considered that the range of the Her-
siliidae stretches from the tropics all the way to the
temperate zones. The distribution ranges of the Anapi-
dae and Archaeidae are similarly indifferent.

Apart from cosmopolitan forms, the recent relatives
of Baltic amber spiders are biogeographically concen-
trated in the Oriental and Ethiopian regions. Worthy of
note are also the Archaeidae (dawn spiders) and Cyatho-
lipidae (cyatholipids), whose closest relatives can be
found in South Africa, Madagascar and Australia (Ar-
chaeidae), and in Jamaica, South Africa, New Zealand
and Australia (Cyatholipidae), respectively. Only a few
genera of spiders in Baltic amber have a purely Palearc-
tic distribution today.

On the basis of numerous examples and compari-
sons, this Atlas of the Plants and Animals in Baltic
Amber clearly shows that the various higher taxa occur-
ring both in Baltic amber and today are indicative of a
subtropical climate in the Eocene amber forest. This
theory also concurs with the record of fossils whose
recent relatives prefer either temperate or tropical cli-
mates, presupposing the subtropical amber forest was a
tolerable climate for these plants and animals. The
majority of plants and animals in Baltic amber are
adapted to a subtropical climate and most closely rela-
ted to the flora and fauna of Southeast Asia. ANDER
(1942) already questioned and dismissed previous as-
sumptions that Baltic amber primarily contained tropi-
cal faunal elements.

Plate 17: Spiders (Arachnida: Araneae) in Baltic amber III.

a Anapidae: Balticorma sp., x 12.

¢ Linyphiidae: dwarf weaver, x 6.

e Cyatholipidae: Spinilipus teuberi, holotype, x 6.
g Nesticidae: Acrometa sp., x 6.

Mimetidae: pirate spider, x 5.
Linyphiidae: dwarf weaver, x 6.
Synotaxidae: Anandrus sp., x 8.
Nesticidae: Acrometa sp., x 6.
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2.18 Biogeography of the amber spiders — Arachnida: Araneae

We know from comparative studies of the Baltic amber
spiders and present-day spiders distributed worldwide
(WunperLICH 1986) that roughly 75% of all spider
genera from Eocene amber have since become extinct.
The remaining 25 % still occurring today supports fur-
ther comparison and the paleobiogeographical break-
down of the spider fauna.

The present-day spiders that also occurred in the
Palearctic region and Europe in the Eocene amber for-
est, include several cosmopolitan genera, e.g. Orches-
tina (Oonopidae), Segestria (Segestriidae), Hyptiotes
(Uloboridae), Argyrodes (Theridiidae) and Amauro-
bius (Amaurobiidae), as well as a few additional genera
that currently display a purely Palearctic (Agelenidae:
Mastigusa) or Holarctic (Araneidae: Zygiella) distribu-
tion,

In most cases, however, the recent relatives of Baltic
amber spiders are concentrated in the Oriental and
Ethiopian regions, e.g. several species of jumping spi-
ders (Salticidae). It is also remarkable to note the records
of the Archaeidae (dawn spiders) and Cyatholipidae

Fig. 35: Spatiator praeceps PErTRUNKEVITCH, 1942 (Spatia-
toridae).

(cyatholipids), whose closest relatives can be found in
the southern hemisphere: the Archaeidae in South Afri-
ca, Madagascar and Australia, and the Cyatholipidae in
South Africa, New Zealand and Australia. Only one
species of Cyatholipidae additionally occurs in Jamai-
ca. Both families were apparently also distributed over
the northern hemisphere in the Eocene Epoch and not
restricted to Gondwanaland.

The three cyatholipid species recorded to date from
Baltic amber and the Bitterfeld deposits (Spinilipus
kerneggeri, Succinilipus teuberi and Succinilipus saxo-
niensis) represent the tropical spider fauna that may
have retreated to the southern hemisphere in the wake
of climatic changes. WuNDERLICH (1993) suggests an-
other reason for their extinction in the northern hemi-
sphere may have been competition with dwarf weavers
(Linyphiidae: Erigoninae), which are unknown from
the Tertiary, but today dominate the temperate zones of
the northern hemisphere. While they hardly occur at all
in the tropics and subtropics, their competitors, the
cyatholipids, are very well-represented there.

Fig. 36: Dysderid (Dysderidae) with ant prey.

Plate 18: Spiders (Arachnida: Araneae) in Baltic amber IV.

a Theridiidae: Dipoena sp., x 9.

¢ Theridiidae: cobweb weaver, x 8.
e Agelenidae: funnel weaver, x 8.
g Zodariidae: zodariid, x6.

Theridiidae: Eomysmena sp., x 12.
Theridiidae: Laseola sp., x 10.
Dictynidae: Mastigusa sp., x 8.
Zodariidae: zodariid (subadult), x 9.

=T
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2.19 Spider webs in Baltic amber — Arachnida: Araneae

One of the most well-known characteristics of spiders
is their ability to produce silk threads and spin them into
webs. Not only the orbweavers (Araneidae), but also
many other spider families create a great variety of
webs, which they use for equally diverse capture meth-
ods. In contrast, cobweb weavers (Theridiidae) build
webs of primitive structure, which are irregularly and
loosely spun and usually fixed by a frame of tension
threads. The vertically strung threads for capturing prey
are provided with adhesive droplets and tear easily, as
soon as the prey is ensnared. This method of capture is
also used with the typical orb webs, whose spirals are
equipped with either cribellate silk (Cribellatae) or ad-
hesive droplets (Ecribellatae). The aggressively strug-
gling animals come into contact with more and more
sticky threads as they try to free themselves, until they
are completely wrapped up and the spider’s fatal bite
finally puts and end to their struggle (KuLLmann &
STERN 1975, ForLIX 1979). Ants (Fig. 37) and other prey
in amber wound up in spider threads provide informa-
tion on the method of capture used by Eocene web-
spinning spiders.

MEnNGE (1856) and BacHoreN-EcHT (1934) were the
first to thoroughly document the occurrence of spider
webs in amber. They referred to inclusions of webs and
threads stemming from cobweb weavers (Theridiidae)
and orbweavers (Araneidae). Additional webs and
threads have also been recorded since then. The spider
webs, with their delicate threads, silk (Plate 20) and
adhesive droplets (BACHOFEN-EcHT 1949), are hardly torn
or stuck together in the amber and rather well-preserved
in most cases. This indicates that the resin was of very
low viscosity and only slowly soaked the spider webs
at warm temperatures. The subtropical climate alone is
not likely to have caused the low viscosity. There must
have been a prevalence of low-viscosity resins that are
not comparable to present-day resins.

The silk glands are located in the opisthosoma of the
animals and terminate on the outside in fusulae on
paired spinners. Some spiders in amber have threads
hanging from the spinners, which can more likely be
interpreted as a direct defense reaction to the approach-
ing resin than the interruption of the web-spinning
process.

Fig. 37: Ant in a spider web.

Plate 19: Spiders (Arachnida: Araneae) in Baltic amber V.

a  Sparassidae: hunting spider (juv.), x 12.
¢ Gnaphosidae: ground spider, x 10.

e Thomisidae: crab spider, x 9.

g Salticidae: jumping spider, x 32.

Clubionidae: sac spider, x 8.
Philodromidae: philodromid (juv.), x 18.
Liocranidae: liocranid (juv.), x5.
Salticidae: jumping spider, x 25.
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2.20 Brood care in amber spiders — Arachnida: Araneae

Spiders have a distinct sex dimorphism, where the
females are always larger than the males. Apart from
their smaller size, mature males can be distinguished
from females by their enlarged palps. The female palps
can be viewed as shortened extremities. The male palps,
particularly the distal segments, are adapted to function
as transfer organs for semen. For this purpose, they
have a usually acuminate bulb on the distal segment.
The tip of the bulb has an opening (i.e. embolus) for the
spermophor, which spirals through the bulb and is closed
at the opposite end. The male releases a drop of sperm
from the genital pore on the abdomen and uses the palps
to transfer the drop into the spermophor of the bulb.
Once the spermophor is filled with sperm, the male
goes in search of the female. In the courtship ritual, the
male approaches the female extremely cautiously, so as
not to be treated as prey. In order to improve commu-
nication, many males use “vibration instruments”, which
have been found to be similar in both fossil spiders in
Baltic amber and present-day spiders, such as the strid-
ulating organs in dwarf weavers (Linyphiidae), cobweb
weavers (Theridiidae) and Spatiatoridae. Copulating
fossil spiders have only rarely been found in amber.
Mating behavior observed in fossil spiders in Baltic
amber was first described for a dwarf sixeyed spider
Orchestina sp. (WUNDERLICH 1986).

Many males copulate with other females as soon as
the pedipalps are filled with sperm. They die very soon
after copulation. The stronger females have a longer
life-span, lay the eggs and build a sac. The females of
some species care for their brood. WUNDERLICH (1986)
describes an egg sac of a spider from Baltic amber with
an outside diameter of 5 mm and a batch of 20 eggs with
a diameter of 2.1 mm. The egg sac of a pirate spider
(Mimetidae) is of similar size and shape (Plate 20e).
Plate 20f shows an egg sac being carried by a daddy-

longleg spider (Pholcidae), where spiderlings close to
hatching are visible inside the eggs. The other two
photographs (Plate 20g,h) show further steps of the
spiderlings as they leave the egg sac. Brood care among
many spiders consists not only of constructing and
guarding the egg sac, but also feeding the hatched
spiderlings. Although no evidence is yet available, brood
care of this kind can certainly also be expected to have
been captured in Eocene amber.

Fig. 38: Jumping spider (Salticidac).

Plate 20: Spiders (Arachnida: Araneae) in Baltic amber VI.

a Hersiliidae: hersiliid with threads, x 9.

¢ Gnaphosidae: ground spider with threads, x 6.
¢ Mimetidae: pirate spider, egg sac, x 8.

g Web with spiderlings, x 12.

e T

Magnification, x 25.

Agelenidae: funnel spider?, spider web, x6

Pholcidae: daddylongleg spider, egg sac with spiderlings, x 9.
Free-roaming spiderlings, x 10.
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2.21 Crustaceans — Crustacea: Ostracoda, Isopoda, and Amphipoda

Crustaceans are represented in Baltic amber by wood-
lice (Isopoda), beach fleas (Amphipoda), and seed
shrimps (Ostracoda). These groups represent originally
marine crustaceans that gradually adapted to fresh wa-
ter and terrestrial habitats.

The few ostracods found to date from the family
Candodidae are indicative of aquatic habitats in the
amber forest. They prefer to inhabit muddy sediments:

Candodidae: Cyclocypris sp. (PLATE 21 g)

Beach fleas still inhabit the ocean in various zones and
depths, although several species today live in fresh
water. Gammarus pulex and G. roeseli of the family
Gammaridae are commonly encountered in European
inland waters. Beach fleas do not go beyond a depth of
two meters, preferring shallow, running and standing
water. They are also found in swamps, bog pools and
wet moss. The detailed study published by ZappacH
(1864) classifies amber beach fleas in a new genus:
Palaeogammarus (Crangonycidae). Recently, two ad-
ditional families were recorded:

Isaeidae (Plate 21h)

Niphargidae

Crangonycidae
Palaeogammarus balticus 1.ucks, 1927
Palaecogammarus danicus Just, 1974
Palaeogammarus sambiensis Zappach, 1864

Woodlice also inhabit marine, freshwater and terrestrial
habitats. A comparison of the biology of the oniscoids
(Oniscoidea) with regard to their adaptation to moist
and dry habitats results in a successive order of families
(EsenBEIS & WicHARD 1987). The Ligiidae are amphib-
ious woodlice occurring in the moist littoral zones of
running waters and forest ponds. The Trichoniscidae
prefer moist habitats in intact forest floors. The Onisci-
dae and Porcellionidae prefer moderately moist and dry

Fig. 39: Palaeogammarus danicus (Amphipoda, Crangonycidae).

biotopes under bark, rocks and leaf litter. The Armadil-
lidiidae have become even further removed from aquat-
ic biotopes. They look for dry and sunny sites. This
range of very moist to sunny and dry biotopes is well
represented by the fossil oniscoid fauna in Eocene
Baltic amber (Spanr 1993):

Armadillidiidae

Armadillidium pulchellum (ZENKER, 1798)
Ligiidae

Ligia sp. MENGE, 1856
Oniscidae

Oniscus cinvexus KocH & BERenDT, 1854
Porcellionidae

Porcellio cyclocephalus MEeNGE, 1854

Porcellio granulatus MENGE, 1854

Porcellio notatus Koca & BErenDT, 1854
Trachelipidae

Protracheoniscus politus (Kocn, 1841)
Trichoniscidae

Hyloniscus riparius (Koch, 1838)

Trichoniscus asper MENGE, 1854

Three woodlouse specimens have been found in Bitter-
feld amber and identified as extant species (SCHUMACH-
ErR & WENDT 1989). Armadillidium pulchellum (ZENK-
ER, 1798), Protracheoniscus politus (Kocn, 1841) and
Hyloniscus riparius (Kocs, 1838). Their identity with
present-day species requires review, particularly as no
reliable evidence is yet available to support the assign-
ment of fossil specimens from Eocene Baltic amber and
extant animals to the same species.

Plate 21: Crustaceans (Crustacea: Ostracoda, Isopoda, and Amphipoda) in Baltic amber.

a-f Isopoda (woodlice): Oniscoidea, a,bx 10, ¢,d x 8, ex9, fx20.
g Ostracoda (mussle shrimps): Candodidae, Cyclocypris sp., with preserved soft parts, x76.

h Amphipoda (beach fleas): ? Isaeidae, beach flea, x 35.
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2.22 Myriapods — Myriapoda: Chilopoda, Symphyla, and Pauropoda

Myriapods are arthropods and, together with the Insec-
ta, form the systematic group Tracheata. The class Myria-
poda includes the Chilopoda (centipedes), Symphyla
(symphylids), Pauropoda (pauropods) and Diplopoda
(millipedes). The monophyly of the Myriapoda is of
some question (Ax 1984, Kraus 1995).

While the Chilopoda, Symphyla and Diplopoda have
been recorded from Baltic amber, there were no records
of the Pauropoda for quite some time. Only recently
was a fossil pauropod found in Baltic amber, described
as Eopauropus balticus and assigned to the family
Pauropodidae (ScHELLER & WUNDERLICH 2001). Pauro-
pods are eyeless, unpigmented soil animals with a
maximum length of 2 mm. They live deep underground,
avoid the surface and, for this reason alone, are hardly
to be expected to occur in amber. Symphylids (Sym-
phyla) are rare in amber (Plate 22 g, h) because, like
pauropods, they are euedaphic animals (EISEnBEIS &
WicHARD 1987), lacking eyes and having an unpig-
mented body in adaptation to life underground. With a
maximum length of 8 mm and a diameter of approxi-
mately 0.5mm, symphylids are adapted to the pore
system of the soil. The agility they need to move about
underground is provided by increased segmentation of
the tergum, which has up to 24 tergites and thus exceeds
the number of body segments.

Only a few, individual specimens from two genera
have been reported from Baltic amber: Scolopendrella
sp. (Bachoren-Ecutr 1942, 1949) and Scutigerella sp.
(Kosmowska-CERANOWICZ & MIERZETEWSKI 1978).

Centipedes (Chilopoda) are encountered more fre-
quently in Baltic amber (Plate 22 a-f). They are typical
epedaphic soil-dwellers and search for prey on the
surface. Their agility is due to 15 pairs of lateral walk-
ing legs and flat posture, which enables them to pursue
prey more easily through the leaf litter, in crevices and
under stones. Centipedes have well-developed eyes and
also long antennae for tactile location of their prey.

Centipedes are represented in Baltic amber by the
families Cryptopsidae (Crytops), Geophilidae (Geo-
philus), Lithobiidae (Lithobius), Scolopendridae (Scol-
opendra) and Scutigeridae (Scutigera). BACHOFEN-ECHT
(1942) identified the family Cryptopsidae with a de-
scription of the genus Crytops sp. Apart from several
nomina nuda (KemBacH 1982), the following families
have been reliably identified on the basis of their spe-
cies:

Geophilidae

Geophilus brevicaudatus MENGE, 1854
Lithobiidae

Lithobius longicornis Kocs & BEerenpT, 1854

Lithobius maxillosus KocH & BERENDT, 1854

Lithobius planatus Kocu & BerenpT, 1854
Scolopendridae

Scolopendra proavita MENGE, 1854
Scutigeridae

Scutigera illigeri (KocH & BERENDT, 1854)

Scutigera leachi (KocH & BERENDT, 1854)

Plate 22: Centipedes and symphylids (Myriapoda: Chilopoda and Symphyla) in Baltic amber.

a Chilopoda, Lithobiidae: lithobiid, x 7.

¢ Chilopoda, Geophilidae: geophilid, x 5.
e Chilopoda, Scutigeridae: scutigerid, x 8.
g Symphyla: symphylid, x11.

Chilopoda, Lithobiidae: lithobiid, x 8.
Chilopoda, Geophilidae: geophilid, x 5.
Chilopoda, Scutigeridae: scutigerid, x 18.
Symphyla: symphylid, x 11.
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2.23 Myriapods — Myriapoda: Diplopoda

Millipedes or diplopods lead an epedaphic or hemi-
edaphic lifestyle. DunGer (1974) and Manton (1977)
defined the following types:

1. Bulldozer type (e.g. Julidae)

2. Pill type (e.g. Glomeridae)

3. Wedge-pushing type (e.g. Polydesmidae)

All diplopods contribute to the process of decomposi-
tion by consuming fresh and decaying plant material,
primarily from the leaf litter on the forest floor.

The hemiedaphic family Julidae inhabits the top
soil, occasionally penetrating deeper into the ground in
search of food. For this purpose, the species use their
numerous serial legs to develop a propulsive power that
forces the head and body-column into the soil in the
manner of a bulldozer. If the ground is too firm, the
Julidae become substrate-feeders like earthworms,
gnawing their way through the soil. Unlike the bulldoz-
er type, representatives of the pill type (Glomeridae)
live epedaphically on the soil surface, where they con-
sume plant material. They defend themselves against
the increased danger of falling victim to predators by
rolling up the body and releasing a secretion from their
defensive glands. The wedge-pushing type is represent-
ed by the family Polydesmidae. The body of these
species tapers towards the head and first body seg-
ments, while the subsequent segments are flat on top
(tergites) and have lateral, wing-like extensions (pa-
ratergites). The wedge-shaped body enables the ani-
mals to push their way through the leaf litter or under
stones. The dorsal surface, which is expanded by the
paratergites, simultaneously prevents them from pene-
trating deeper layers, meaning that Polydesmidae spe-
cies of the wedge-pushing type belong to the group of
epedaphic diplopods. The pselaphognaths (Polyxen-
idae) are not typical soil-dwellers, although they also

occur in the loose humus and under leaf litter. Some
Polyxenidae can be found in weathered tree stumps and
dead trees. As bark-dwellers, they inhabit the entire
height of a tree and feed on algal growth.

The range of soil-dwelling forms observed among
extant diplopods also appears to have occurred in the
Eocene forest floor. All characteristic families have
been recorded from Baltic amber. Diplopods are a good
example of how individual organisms can provide pie-
ces of information on the biology and ecology of the
“amber forest”. The diplopods are represented in Baltic
amber by eight families, including the four mentioned
as examples. Apart from several nomina nuda (Kem-
BACH 1982), they have been described down to genera
and species (SpaHr 1993a):

Craspedosomatidae
Atractosoma sp.
Craspedosoma affine Koca & BEReNDT, 1854
Craspedosoma angulatum KocH & BEerenpT, 1854
Glomeridae
Glomeris denticulata MENGE, 1854
Julidae
Julus laevigatus Kocn & BERENDT, 1854
Nemasomatidae
Blaniulus sp.
Polydesmidae
Polydesmus sp.
Polyxenidae
Polyxenus conformis KocH & BERENDT, 1854
Polyxenus ovalis KocH & BERENDT, 1854
Polyzonidae
Polyzonium sp.
Synxenidae
Phryssonotus hystrix (MENGE 1854)

Plate 23: Millipedes (Myriapoda: Diplopoda) in Baltic amber.

a Julidae: Juliform millipede, x 10.
¢ Polydesmidae: Flat millipede, x 10.
e Polyzonidae: Polyzonium sp., x 12.
g Polyxenidae: Polyxenus sp., x 12.

Julidae: Juliform millipede, x9.
Polydesmidae: Flat millipede (ventral), x 15.
Craspedosomatidae: Craspedosoma (?), x 10.
Synxenidae: Phryssonotus sp., X 17.
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2.24 Diplurans and springtails — Insecta: Diplura and Collembola

The traditional division of the insects into the primary
groups of wingless Apterygota and winged Pterygota is
considered to be outdated. According to phylogenetic
systematics, the insects are broken down into two mono-
phyletic groups: the Entognatha (Diplura and Elliplura,
the latter including the Protura and Collembola) and the
Ectognatha (Archaeognatha and Dicondylia, the latter
including the Zygentoma and Pterygota). Of the Ento-
gnatha, Diplura (diplurans), Collembola (springtails)
and recently also Protura (proturans) have all been
recorded from Baltic amber. Entognath insects are rare
in amber, as they are usually euedaphic or epedaphic.

Proturans are strictly euedaphic, eyeless and unpig-
mented insects with a maximum length of 3 mm. They
seldom come to the surface and can therefore be ex-
pected to occur only rarely in amber.

The Collembola are divided according to shape into
the rounded symphypleonean and elongated arthro-
pleonean springtails. Their species diversity and abun-
dance in the soil is primarily attributable to the symphy-
pleonean Onichiuridae, which are typical representa-
tives of the euedaphon, being small, unpigmented, eye-
less insects that have reduced legs and are adapted to
humid conditions. No fossil species of this family have
been recorded from Baltic amber. Epedaphic Collem-
bola, including those in the herbaceous and shrub lay-
ers, as well as the bark-dwellers, are frequent in amber.
In view of the fact that the taxonomic characteristics of
the Collembola in amber are difficult to verify, and that
the amber Collembola studied by Ovrrers (1907) have
undergone major revision (HanpscHN 1926 a,b), only
comparatively few species (19) remain of those previ-
ously described by Kocn & BerenpT (1854), HaND-
sCHIN (1926) and StacH (1922) (cf. Stack 1972, Law-
RENCE 1985, Spanr 1990):

Entomobryidae

Entomobrya pilosa (Koca & BEReNDT, 1854)

Lepidocyrtus ambricus HanpscaN, 1926

(Paidium) crassicorne Kocu & BERENDT, 1854

(Paidium) pyriforme Kocu & BerenpT, 1854

Orchesella eocaena HaNDscHIN, 1926
Hypogastruridae

Hypogastrura intermedia HANDscHIN, 1926

Hypogastrura protoviatica HANDSCHIN, 1926
Isotomidae

Isotoma crassicornis HanpscHIN, 1926

Isotoma protocinerea HanpscHIN, 1926
Poduridae

Podura fuscata Koca & BerenpT, 1854

Podura pulchra KocH & BErenDT, 1854
Sminthuridae

Allacma pulmosa HanpscHN, 1926

Allacma pulmosetosa HanpscHN, 1926

Allacma setosa HanpscHiN, 1926

Sminthurus brevicornis KocH & BEReNDT, 1854

Sminthurus longicornis Koca & BerRenDT, 1854

Sminthurus ovatulus Koca & BERENDT, 1854

Sminthurus succineus STACH, 1922
Tomoceridae

Tomocerus taeniatus (KocH & BERENDT, 1854)

The diplurans (Diplura) are epedaphic, predaceous an-
imals that live in moss, under bark and stones, in the
leaf litter and occasionally also deeper in the pore
system of the soil. SvesTRI (1912) described the fossil
species Campodea darwinii. According to SILVESTRI
(1912), another species (Ocellia articulicornis) de-
scribed by Ovrrers (1907) is not a dipluran, but possibly
a Dermaptera nymph. These discussions illustrate the
difficulty associated with the taxonomic study of the
entognath Collembola and Diplura in Baltic amber.

Plate 24: Diplurans and springtails (Insecta: Diplura and Collembola) in Baltic amber.

a-b  Diplura: Dipluran, a x13, b x 17.

c-¢  Collembola, Arthropleones: arthropleonean springtails, ¢ x20, d x 16, e x 15.
f-h  Collembola, Symphypleones: symphypleonean springtails, x 25.
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2.25 Bristletails and silverfish — Insecta: Archaeognatha and Zygentoma

Bristletails (Archaeognatha) and silverfish (Zygento-
ma) are the basal, primitively wingless orders of the
Ectognatha and together sister to the Pterygota. Bris-
tletails can be distinguished from silverfish by their
large, compound eyes, which adjoin on the dorsal side
of the head in many species (Plate 25¢). The tactile,
labial palpi extend forward in the manner of legs (Fig.
41). The mesothorax, metathorax and all abdominal
segments have distinct ventral styli (Plate 25 f). One or
two coxal, eversible vesicles, which regulate water
balance, are positioned medially in the direct vicinity of
the styli. Silverfish have small, lateral eyes and incon-
spicuous styli on the last abdominal segments. They are
relatively rare in amber, if for no other reason than that
they are agile movers and can quickly avoid dangers.

KocH & BERENDT (1854) and MENGE (1854) in BER-
ENDT (1845-1856) provided excellent illustrations of
bristletails and silverfish (Fig. 40, 41). The majority of
the described species stem from their work. OLFERS
(1907) and SiLvestrr (1912) also contributed to our
current knowledge of these groups. No more recent
studies are available. Kemsaca (1982) and Spaur (1990)
took possible synonyms and nomina nuda into account:

ARCHAEOGNATHA

Machilidae
Machilis acuminata (Koca & BERENDT, 1854)
Machilis albomaculata (MENGE, 1854)
Machilis anguea (Koca & BERENDT, 1854)
Machilis boops Ourers, 1907 (part.), SILVESTRI, 1912
Machilis (7) caestifera SILVESTR1, 1912
Machilis capito OLrErs, 1907 (part.), SILVESTRI, 1912
Machilis confinis (Koca & BERENDT, 1854)
Machilis corusca (Koca & BERENDT, 1854)
Machilis diastatica (OLrERs, 1907)
Machilis electra (Koca & BERENDT, 1854)
Machilis imbricata (KocH & BERENDT, 1854)
Machilis longipalpa (KocH & BERENDT, 1854)
Machilis macrura (MENGE, 1854)
Machilis palaemon OLFERs, 1907 (part.), SILVESTRI,

1912
Machilis saliens (MENGE, 1854)
Machilis seticornis (KocH & BERENDT, 1854)
Praemachilis cineracea Ourers, 1907 (part.), Stu-
VESTRI, 1912

ZYGENTOMA

Lepidotrichidae
Lepidothrix pilifera MENGE, 1854

Lepismatidae
Lampropholis dubia (KocH & BERENDT, 1854)

Fig. 40: Machilis imbricata (Kocu & Berenpt, 1854).

Fig. 41: Machilis electra (Kocu & Berenpt, 1854) (histo-
rical illustration from KocH & BERENDT 1854).

Plate 25: Bristletails and silverfish (Insecta: Archaeognatha and Zygentoma) in Baltic amber.

a Zygentoma: Silverfish, x 11.

¢ Archaeognatha: Machilis sp., x 5.

e Archaeognatha: Machilis sp., head, x12.
g Archaeognatha: Machilis sp., head, x 12,

b Zygentoma: Silverfish, x 8.
d Zygentoma: Silverfish, x 8.
f  Archaeognatha: Machilis sp., abdomen, with styli, x 20.
h  Archaeognatha: Machilis sp., abdomen, with styli, x 23.
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2.26 Mayflies — Insecta: Ephemeroptera

Mayflies are merolimnetic insects that first develop in
water and then in a short phase on land. After mating,
which occurs in flight in many species, most females
drop their egg masses over water or shed them by
briefly dipping the abdomen into the water. The eggs
hatch into exclusively aquatic nymphs that gradually
mature over many months by means of multiple molts.
The last exuvia is shed by the subimagoes. At this
winged developmental stage, the mayfly nymphs leaves
its aquatic habitat and takes to the air. Final molting is
followed by the emergence of the sexually mature
mayfly, which does not feed with its reduced mouth-
parts and instead concentrates on mating and egg-lay-
ing during its brief lifetime of merely a few hours.
The mayflies preserved in amber are usually sexual-
ly mature imagoes and rarely winged subimagoes. Plate
27b shows an imago shedding the exuvia of the winged
subimago. The legs are spread and the wings still folded.
Mayflies normally do not leave the water as nymph,
but rather as winged subimagoes, making records of
nymphs in Baltic amber all the more surprising. Succi-
nogenia larssoni is a fossil species described by De-
MOULIN (1965) on the basis of a nymph from the collec-
tion of the Zoological Museum in Copenhagen. The
dorsoventrally flattened body, scutiform head with dor-
sally oriented eyes and lateral, lamellar gills, are the
most noticeable features of larvae belonging to the
family Heptageniidae (Fig. 42). Since then, three addi-

tional heptageniid nymphs have been discovered (Plate
27 ¢). With their flattened, broad bodies, these nymphs
represent a life form adapted to running water. They lie
flat on firm substrates in a boundary layer that largely
protects them from the rushing current, which would
otherwise carry them off into open water (WICHARD et.
al. 1995).

It is difficult to explain how these aquatic nymphs
became trapped in amber. There is no evidence to date
of aquatic animals being enclosed by resin in water and
preserved as amber inclusions. If aquatic insects are
embedded in amber, they must have previously left the
water as nymphs or imagoes in accordance with their
amphibious life cycle and dispersal behavior.

Fig. 42: Fossil nymph of Succinogenia larssoni DEMOULIN,
1965 (Heptageniidae).

Plate 26: Mayflies (Insecta: Ephemeroptera) in Baltic amber 1.

a Heptageniidae: compound eyes of a stream mayfly, x 50.
b Heptageniidae: full view of a stream mayfly, x 8.
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2.27 Mayfly species in Baltic amber — Insecta: Ephemeroptera

DemouLiN monographed the mayflies of Baltic amberin ~ Arthropleidae

a series of studies (1954, 1955, 1956, 1965, 1968 a, b, Electrogenia dewalschei DEMOULIN, 1956
1970 a,b) that built upon the pioneering work of Hagen  Heptageniidae

(1856) and PicTeT (1856). He described a total of 25 Cinygma? baltica DEMOULIN, 1968

fossil species. According to DEMouLIN, the extant spe- Heptagenia atypica DemouLIN, 1968
cies Heptagenia (Kageronia) fuscogrisea has also been Heptagenia bachofeni DemoULIN, 1968
recorded from Baltic amber. In addition STANICZEK & Heptagenia (Kageronia) fuscogrisea
BechLY (2001) described a new species of the family Heptagenia gleissi DEMOULIN, 1968
Baetiscidae. Heptagenia ligata DEMoULIN, 1968

The list of mayflies is based on the classification of Heptagenia senex DEMOULIN, 1968
the Ephemeroptera by HusBarD (1990): Rhithrogena sepulta DEMOULIN, 1968

. Succinogenia larssoni DEMOULIN, 1965

Ameletopsidac Leptophlebiidae

Balticophlebia henningi DEMOULIN, 1968

Blasturophlebia hirsuta DEMOULIN, 1968

Ametro.p.()(.lld.ae . Xenophlebia aenigmatica DEMOULIN, 1968
Brevitibia intricans DEMOULIN, 1968 .o,
. Paraleptophlebia pisca (PICTET, 1856)
Baetidae .
.. Ephemerellidae
Baetis gigantea HAGEN, 1856 . .
. Timpanoga viscata (DEMouLIN, 1968)
Baetis grossa HaceN, 1856 . .
Baetiscidae

Siphlonuridae
Metretopus henningseni DEMOULIN, 1965
Metretopus trinervis DEMOULIN, 1968
Siphloplecton jaegeri DEMOULIN, 1968
Siphloplecton macrops (PicTET, 1856)
Baltameletus oligocaenicus DEMOULIN, 1968
Siphlonurus dubiosus DEMOULIN, 1968
Oligoneuriidae
Cronicus anomalus (PicTET, 1856)
Cronicus major DEMOULIN, 1968

Baetisca velteni Staniczex & Becuil, 2001

Fig.43: Electrogenia dewalschei DEMOULIN, 1956, with male  Fig. 44: Rhithrogena sepulta DEmouLN, 1968, with male
genitalia depicted. genitalia depicted.

Plate 27: Mayflies (Insecta: Ephemeroptera) in Baltic amber II.

a Siphlonuridae: primitive minnow mayfly, x 8.
b Imago shedding the subimago exuvia, x 6.
¢ Heptageniidae: flatheaded mayfly or stream mayfly nymph, x 10.
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2.28 Dragonflies and damselflies — Insecta: Odonata

Dragonflies and damselflies are undoubtedly among
the rarest insects in amber and have only been reported
to date from Baltic and Dominican amber (LARSSON
1978, ScHLEE & GLOCKNER 1978, ScHLEE 1990, SrAHR
1992). Their size and outstanding flying capabilities
minimize their risk of getting caught in the viscous
resin of trees, which they do occasionally land on.
Nonetheless, several wing fragments found in amber
(Plate 28) bear witness to the presence of dragonflies
and damselflies. They clearly show that, like other large
insects, the Odonata were also strong enough to free
themselves from the resin, albeit in an injured state.
Consequently, fully preserved dragonflies and dam-
selflies are rarities in Baltic amber. The existing spe-
cimens include a Zygoptera of the family Agrionidae
illustrated by BacroreN-EcHT (1949). Two other amber
damselflies, which are relatively well-preserved, are
the only ones to have been examined up to now. Prau
(1975) suggests that the two Zygoptera are closely
related to the Platycnemididae Platycnemis? antiqua
(Picrer & HaGeN, 1856) had been described 120 years
earlier.

As merolimnetic insects, dragonfly and damselfly
nymphs require an aquatic environment, which they
leave for the first time as fully developed nymphs to
molt on land into adults. Prior to molting, they climb up
littoral plants or tree trunks, where they rest in a fixed
position. The exuviae remain behind in this position
and decay only very gradually. As a result, exuviae
were captured much more frequently than nymphs by
the flowing resin in the amber forest. It is also possible
that the exuviae were torn away by the wind and blown
onto the resin. The first exuviae recorded from Baltic
amber were described by HAGEN (1848, 1856). WEIDNER
(1958) studied a nymph exuvia in which the two front
legs, the dorsal side of the head, the thorax of the right
half of the body and the wing pads were preserved, thus

permitting assignment of the exuvia to the family Platy-
cnemididae.

As first representative of Epallagidae Litheuphaea
ludwigi BecrLy, 1998 is described from Baltic amber.
Taking into account the growing number of new de-
scriptions of fossil Odonata, a revision of the dragon-
flies and damselflies (BECHLY, in prep. 2001 a,b) and the
odonate larvae in Baltic amber (BECHLY & WICHARD, in
prep. 2001) may lead to the identification of even more
families.

Fig. 45: Head of a Dicteriadidae (= Heliocharitidae) larvae
in Baltic amber, from ventral view with mask (labium),
antennae, and leg (after BECHLY & WICHARD, in prep. 2001).

Plate 28: Damselflies (Insecta: Odonata) in Baltic amber.

a Zygoptera, Coenagrionoidea: anterior region of a damselfly, x 8.

b Zygoptera, Coenagrionoidea: wings of a damselfly, x4.5.

¢ Zygoptera, Coenagrionoidea: right forewing and hind wing of a damselfly, x7.
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2.29 Stoneflies — Insecta: Plecoptera

Although stoneflies (Plecoptera) are not frequent in
Baltic amber, they have been found quite regularly.
Apart from one exception, the 14 species described to
date belong to genera and families that are still widely
distributed in Europe today. Only Megaleuctra neavei
Ricker, 1936 represents a currently North American
genus that was verified to have a Holarctic distribution
in the Tertiary (ILLies 1967). In addition to Baltic amber,
stoneflies have also been found in Oligocene Domini-
can and Upper Cretaceous Siberian amber (WIcHARD &
WEITSCHAT 1996).

While fully developed larvae are occasionally found
in amber, the exuviae and particularly the winged ima-
goes are most common. The mature larvae leave the
water and often climb up nearby tree trunks to shed
their last exuvia and become winged imagoes. As stone-
flies develop only a low affinity for flying and usually
walk rather than fly in the event of danger, in search of
food or to mate, their dispersal is minimal and often
limited to the immediately vicinity of their original
aquatic habitat. The stoneflies embedded in tree resins
and preserved as amber inclusions provide not only
information on the stonefly fauna of their Eocene past,
but also evidence of the immediate biotope.

According to these indications, the “amber forest”
was networked with running waters, from shallow
streams to rapidly flowing rivers. In view of their limi-
ted flying activity, the stonefly exuviae imply that the
resin-producing trees grew right up to the banks of the
rivers and streams. The water, which the sensitive lar-
vae prefer today and presumably preferred back then,

was clear and certainly oxygen-rich. Stonefly larvae
prefer running waters with a moderate to strong current,
which are concentrated in mountainous regions. The
hills and mountains dominating the landscape provided
for the necessary current.

Fig.46: Rolled-wing stonefly (Plecoptera, Leuctridae) (from
the illustration collection of J. [LLIES).

Plate 29: Stoneflies (Insecta: Plecoptera) in Baltic amber 1.

a Perlidae: common stonefly, x 8. b
¢ Perlidae: common stonefly, nymph, x25. d
e Perlidae: common stonefly, x 12. f
g Perlodidae: perlodid stonefly, x9. h

Perlidae: common stonefly, nymph, x 5.

Perlidae: common stonefly, nymph with filamentous gills, x 25.
Perlidae: common stonefly, head and eyes, ommatids and antennae, x 25.
Perlodidae: perlodid stonefly, exuvia, x 15.
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2.30 Stonefly species in Baltic amber - Insecta: Plecoptera

Our current knowledge of stonefly species in Baltic Nemouridae

amber is based on studies from the year 1856. The only Nemoura affinis BERENDT, 1856
other more recent publication is from Ricker (1935): Nemoura lata HaGen, 1856
Megaleuctra, which is today distributed in North Amer- Nemoura ocularis PicteT, 1856
ica, has also been recorded there from the Miocene and Nemoura puncticollis HAGEN, 1856
occurs in Europe in Eocene Baltic amber. Perlidae
This list of amber stoneflies, with 14 described spe- Perla prisca PicteT, 1856

cies, stems from the systematics of the Plecoptera ac- Perlodidae
cording to IrLiEs (1965): Isoperla succinica (HAGEN, 1856)

. Perlodes resinata (HAGEN, 1856)
Leuctridae . .

Taeniopterygidae

Leuctra fusca PicteT, 1856
Leuctra gracilis PicTeT, 1856
Leuctra linearis Hacen, 1856
Leuctra minuscula Hacen, 1856
Megaleuctra neavei Ricker, 1936

Taeniopteryx ciliata PicTeT, 1856
Taeniopteryx elongata Hacen, 1856

Fig. 47: Common stonefly (Plecoptera, Perlidae), exuvia and imago (from the illustration collection of J. Tiims).

Plate 30: Stoneflies (Insecta: Plecoptera) in Baltic amber IT.

a Leuctridae: rolled-winged stonefly, female with eggs, x 8. b Leuctridae: rolled-winged stonefly larva, x10.
¢ Leuctridae: rolled-winged stonefly, x9. d Leuctridae: rolled-winged stonefly, x9.
¢ Taeniopterygidae: winter stonefly, x 6. f Leuctridae: rolled-winged stonefly, x 8.
g Nemouridae: spring stonefly, x9. h Nemouridae: spring stonefly, x 10.
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2.31 Web spinners — Insecta: Embiidina

Embiids (web spinners) are distributed not in the Baltic
region, but rather in southern Europe, the subtropics
and the tropics. They reach a maximum length of 20 mm
and display distinct sexual dimorphism. While the males
of most species are winged, the females are always
wingless. The males are nocturnal, becoming active at
twilight. During the day, they keep their wings folded
flat on top of the abdomen.

The common name, “web spinners”, refers to the
ability of the embiids to produce silk from silk glands
located on the first and second tarsal segments of the
forelegs. They usually spin flat or tunnel-like galleries
under stones. To do so, they rapidly move the forelegs
back and forth along with the silk, attaching it as they
progress. The insects are protected by these galleries

and usually only leave them at night.

Two-hundred extant species divided into eight fami-
lies have been described, compared to only one fossil
species from Baltic amber: Electroembia antiqua (PICTET,
1854) of the family Embiidae. The description of this
species is based on a wingless male, which was later
redescribed by Ross (1956) and given the genus name
Electroembia. BacnoreN-EcHT (1949) also illustrated a
wingless male that is possibly conspecific with E. an-
tiqua.

Plate 31 e, f shows two winged males. They are one
of the rarities in Baltic amber and apparently represent
further fossil Embiidina species. These winged males
differ in form from the previously described species
E. antiqua (PicTET, 1854), whose males are apterous.

Fig. 48: Web spinner FElectroembia antiqua (Picter, 1854) (Embiidina: Embiidae).

Plate 31: Web spinners (Insecta: Embiidina) in Baltic amber.

a-c
d Electroembia antiqua (Picter, 1854) (Embiidae), x 8.
e-f  Winged males of Embiidina species, e x5, f x 6.

g-h

Wingless females of Embiidina species, g x6, h x 6.

Electroembia sp. (Embiidae), with head and swollen forelegs, a x6, b x 15, ¢ x6.
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2.32 Earwigs — Insecta: Dermaptera

Earwigs (Dermaptera) are nocturnal, epedaphic insects
primarily inhabiting the leaf litter. The nymphs and
imagoes are considered to be omnivores that feed on
fresh plant material, debris, mosses, lichens and fungal
hyphae, but also hunt small insects, caterpillars, mag-
gots, woodlice, millipedes and spiders. The feeding
preferences of earwigs appear to be family-specific.
While the Forficulidae mainly consume plant material,
the primitive forms, particularly the Labiduridae, are
predaceous. They raise the abdomen and use the cerci
to grab their prey (Plate 32b), which they immediately
transfer to the biting mouthparts.

In the adults, the folded hind wings are located
underneath the short, but very sclerotized tegmina (or
hemelytra). For flight, the tegmina are pulled up on the
sides, allowing the stable hind wings to unfold (Plate
32 a). The unfolding mechanism and the stability of the
wings require static elements consisting of elastic joints,
various bracing veins and radial folding lines (KLEmow
1966). These structures form an impressive wing pat-
tern that can be observed in extant species, as well as in
fossil earwigs in Baltic (Plate 32a) and Dominican
amber (ScHLEE 1980).

As earwigs seldom fly and instead move about on
the ground, the hind wings are usually folded and hid-

den under the tegmina. The short tegmina are not much
longer than the subsequent segments of the abdomen.
The adaptation of the tegmina to the body segmentation
makes these slender insects very agile and enables them
to maneuver through the pore system of the soil. Ear-
wigs would not be adapted to a terrestrial lifestyle, if the
rigid tegmina covered the entire length of the abdomen,
as they do in many beetles.

Fossil earwigs have been found in Burmese, Domin-
ican, Mexican and Baltic amber, including its Bitterfeld
deposits. The taxonomy of fossil earwigs from Baltic
amber was last covered by Burr (1911). Imagoes are
described from four species of the genus Forficula. The
larvae are classified in the genera Forficula, Labidura
and Pygidicrana.

Forficulidae
Forficula baltica Burr, 1911
Forficula klebsi Burr, 1911
Forficula praecursor BUurr, 1911
Forficula ? pristina BURR, 1911
Labiduridae
Labidura ? sp.
Pygidicranidae
Pygidicrana 7 sp.

Plate 32: Earwigs (Insecta: Dermaptera) in Baltic amber.

a Earwig imago with the left tegmen raised and the hind wing extended, x 11.
b Earwig nymph ~ as if in predatory position — with raised abdomen and cerci, x 20.
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2.33 Mantids - Insecta: Mantodea

Praying mantids are not as harmless as their name
suggests. They are diurnal, predaceous animals that
hold their forelegs in an upraised position, as if in
prayer, while lying in wait for prey. The coxae of the
forelegs are elongated and the femorae equipped with
two, parallel, longitudinal rows of pronounced spines.
The tibiae, which also bear spines, snap against the
femorae like a switchblade to capture prey. The very
mobile head is equipped with a dominant pair of eyes
for locating prey by sensing its motion. Once the pray-
ing mantid is within sufficiently close range, it triggers
its rapid capture mechanism (Bemr 1968, HEvers &
Liske 1991).

The discovery of praying mantids in Baltic amber is
a reliable indication of a dry, warm and at least sub-
tropical climate in areas of the Eocene “amber forest”.
More than 20 specimens (primarily nymphs) from four
families are known from Baltic amber: Liturgusidae,
Chaeteessidae, Mantoididae and Mantidae (EHRMANN
1999). Most of the mantids belong to the family Manti-
dae. This is still the largest family today and includes
Mantis religiosa, which occurs in central and particu-

larly southern Europe (BRECHTEL et al. 1996).

Two praying mantids from the families Mantidae
and Chaeteessidae have been recorded to date from the
Bitterfeld deposits. If these deposits were to be mined
more extensively, a greater number of mantids could be
expected to be found, including the two, rare families
reported from Baltic amber. However, the identification
of the two praying mantids provides further evidence
that Bitterfeld and Baltic amber are of identical origin
(Werrscuar 1997). The original dating of Bitterfeld
amber in the Lower Miocene (BARTHEL & HETZER 1982,
Furrmany & BORSDORF 1986, KRUMBIEGEL & KosMows-
ka-CeraNowicz 1989) contradicts global climate devel-
opment, which indicates significantly lower tempera-
tures starting in the Oligocene (Fig. 18). These condi-
tions would have made it impossible for the Mantodea
and other subtropical faunal elements to survive. Am-
ber from Lower Miocene sediments was certainly rede-
posited several times and is at least in its third deposit
(cf. Chap. 1.4.4). Contrary to initial assumptions, the
Bitterfeld deposits are not located where Bitterfeld amber
originally formed.

Fig. 49: Praying mantid of the family Chaeteessidae (Mantodea) with head and raptorial legs.

Plate 33: Mantids (Mantodea) in Baltic amber.

a Praying mantid (Chaeteessidae), x 8.
b Praying mantid (Mantoididae), x 10.
¢ Praying mantid (Mantidae), x 12.
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2.34 Cockroaches — Insecta: Blattaria

Cockroaches are among the larger animals found regu-
larly, but not frequently in Baltic amber. Males are more
common than females. Wingless nymphs are just as
numerous as imagoes. GERMAR (1813), BERenDT (1836),
GerMAR & BERENDT (1856), GIEBEL (1856), SHELFORD
(1910, 1911) and Prron (1940) covered the Blattaria.
SHELFORD primarily examined the KtEess collection and
that of the British Museum in London, describing nu-
merous fossil species he exclusively classified in present-
day genera. This group of fossil cockroaches includes
the extant species FEuthyrrhapha pacifica, which is to-
day distributed in the southern hemisphere in South
America, Africa, Madagascar and Polynesia. The cock-
roach family Blattellidae (Phyllodromiidae) has the most
fossil representatives in Baltic amber. This family mainly
occurs in tropical and subtropical regions (Australia,
South America).

Blattellidae

Blatella baltica (SHELFORD, 1910)

Blatella furcifera (SHELFORD, 1910)

Blatella klebsi (SHELFORD, 1910)

Blatella latissima (SHELFORD, 1910)

Blatella praecursor (SHELFORD, 1910)

Blatella pristina (SHELFORD, 1910)

Blatella tenacula (SHELFORD, 1910)

Blatella woodwardi (SHELFORD, 1910)

Blatella yolanda (SueLrorp, 1910)

Ceratinoptera cruenta SHELFORD, 1910

Ceratinoptera (Blatta) didyma (GERMAR & BERENDT,
1856)

Ceratinoptera klebsi SHELFORD, 1910

Ceratinoptera miocenica SHELFORD, 1911

Ceratinoptera soror SHELFORD, 1910

Ischnoptera (Blatta) gedanensis (GERMAR & BER-
ENDT, 1856)

Ischnoptera klebsi SurLFORD, 1910

Ischnoptera perplexa SHELFORD, 1910

Margattea (Blatella) germari (SHELFORD, 1910)

Margattea (Blatella) lorenmeyeri (SHELFORD, 1910)

Pseudophyllodromia succinica SHELFORD, 1911

Symploce (Blatella) antiqua (SHELFORD, 1910)

Temnopteryx klebsi SHELFORD, 1910

Blattidae
Blatta baltica GERMAR & BERENDT, 1856
Blatta berendti GIEBEL, 1856
Blattina succinea GERMAR, 1813
Periplaneta succinica SHELFORD, 1910
Polyzosteria parvula GErmar & BERENDT, 1856
Polyzosteria tricuspidata (BERENDT, 1836)
Ectobiidae
Ectobius balticus (GERMAR & BERENDT, 1856)
Ectobius inclusus SHELFORD, 1910
Hololampra succini Prron, 1940
Euthyrrhaphidae
Euthyrrhapha pacifica (COQUEBERT)
Holocompsa fossilis SHELFORD, 1910
Nyctiboridae
? Nyctibora succinica SHELFORD, 1910
Perisphaeriidae
Larve
Polyphagidae
Polyphaga fossilis SHELFORD, 1910

Fig. 50: Cockroach imago.

Plate 34: Cockroaches and cockroach nymphs (Insecta: Blattaria) in Baltic amber.

a x8 b x6, ¢cx6,d x5 ex4, fx5 gx3, hx7.
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2.35 Termites — Insecta: Isoptera

As subtropical insects, termites are typical members of
the Baltic amber fauna. They are more frequent than
Dermaptera (earwigs), Mantodea (mantids), Blattaria
(cockroaches), Phasmatodea (walking sticks) and Or-
thoptera (grasshoppers, crickets, katydids, etc.). The
last comprehensive revision prepared by WEIDNER (1955)
recognizes eight, easily distinguishable species in three
families. WEIDNER (1955) also included an identifica-
tion key for these fossil species:

Termopsidae
Archotermopsis toraquisti ROSEN, 1913
Termopsis bremii (Heer, 1849)
Kalotermitidae
Electrotermes affinis (HAGEN, 1856)
Electrotermes girardi (GIEBEL, 1856)
Proelectrotermes berendti (PICTET, 1856)
Rhinotermitidae
Parastylotermes robustus (ROsEN, 1913)
Reticulitermes antiquus (GERMAR, 1813)
Reticulitermes minimus (SNYDER, 1928)

NatHAN SENDEL (1686-1757) provided the first illustra-
tion of a termite from Baltic amber. According to Ger-
MAR (1813), the illustration in SENDEL’S “Historia Suc-
cinorum” from 1742 represents Reticulitermes antiqu-
us. Various authors have covered fossil termites since
then (GeErMmAR 1813, Heer 1849, GieBeL 1856, PicTET-
BaraBaN & HAGEN 1856, HaGeN 1858, RosEn 1913,
SNYDER 1928 and Krisuna 1961).

The most common termite species in Baltic amber is

Reticulitermes antiquus (Rhinotermitidae). According
to WEDNER (1955), extant species of this genus mainly
inhabit dead pinewood. As termites form large swarms,
it is easily conceivable that they were driven against the
resin-producing trees during swarming flight, or caught
in the resin thereafter while searching for suitable nest-
ing sites, and then covered by a fresh flow of resin.
Consequently, only winged termites are usually pre-
served, including specimens that shed their wings shortly
after swarming and left them lying off to the side in the
amber. Workers, soldiers and nymphs are very rare,
because they primarily inhabit the trunks of trees. HAGEN
(1858) was the first to report a nymph from Baltic
amber. Two more nymphs and a soldier are shown in
Plate 35g,h.

The composition of the termite fauna in Baltic am-
ber is apparently determined by ecological factors
(WEDNER 1955). Termites from the families Termitidae
and Mastotermitidae, which today have a largely trop-
ical and subtropical distribution, have not been found in
amber. In contrast, the families Termopsidae and Rhi-
notermitidae, which currently inhabit warm climates
and temperate elevations, have been recorded from
amber. For example, Archotermopsis wroughtoni oc-
curs at up to 2,700 meters in the northwestern Himala-
yas. The Termopsidae are also strictly pinewood ter-
mites. The only family with no basis for comparison is
Kalotermitidae. The extinction of the three amber ter-
mite species may be related to climate change and the
extinction of their preferred tree species.

Plate 35: Termites (Insecta: Isoptera) in Baltic amber.

a Termopsis bremii (Termopsidae), x 4.

¢ Reticulitermes antiquus (Rhinotermitidae), x 6.
e  Reticulitermes minimus (Rhinotermitidae), x 8.
g Termite larvae, x 8.

Termopsis bremii (Termopsidae), x 5.
Reticulitermes antiguus (Rhinotermitidae), x 6.
Electrotermes affinis (Kalotermitidae), x 7.
Termite soldier, x9.

= aacil =Ti =
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2.36 Walking sticks — Insecta: Phasmatodea

The herbivorous Phasmatodea (stick-insects and walk-
ing-leaves) are distributed in tropical and subtropical
areas. Most of the species resemble parts of plants like
branches and leaves. The order is subdivided into three
suborders. The Timematodea, which have only three
tarsomeres, include only a few species distributed in the
Southwestern USA. The Areolatae and Anareolatae
include the majority of the genera and species. They
have five tarsomeres. The Areolatae are characterized

Fig. 51: Nymph of a walking stick (Phasmatodea: Archi-
pseudophasmatidae).

by a small, sunken, triangular area on the tibiae, which
is absent in the Anareolatae.

In Recent phasmids the wings are developed or
completely absent; except for the walking-leaves (Phyl-
liidae) the forewings (tegmina) are always reduced and
shorter than the hindwings (alae).

The phasmids found in Baltic Amber belong mainly
to the extinct Archipseudophasmatidae, a family of the
Areolatae, which are characterized by a strongly elon-
gated third antennomere and fully developed tegmina.
Members of Pseudophasmatidae or the suborder Anar-
eolatae are very rare in Baltic Amber, both are only
known from nymphs.

The nymphs are encountered most frequently in
Baltic amber. Four species have been described to date
(cf. Zompro, 2001):

Archipseudophasmatidae
Pseudoperla gracilipes Picter & BerenpT, 1854
Balticophasma lineata PicTer & BERENDT, 1854
Archipseudophasma phoenix Zompro, 2001
Pseudophasmatidae
Electrobaculum gracile SHAROV, 1968

Several of the amber inclusions normally treated as
phasmids do not belong to this order. In all probability
they belong to a new orthopterean order. One genus and
species is described to date:

Raptophasma kerneggeri Zompro, 2001 (Plate 63 1)

Plate 36: Walking sticks (Insecta: Phasmatodea) in Baltic amber.

a  Balticophasma lineata (PicTET & BERENDT, 1854), x 9.
¢ Balticophasma sp., nymph, x9.

e Balticophasma sp., nymph, x 10.

g Balticophasma sp., nymph, x7.

b  Archipseudophasma sp., nymph, x 8.
Balticophasma sp., nymph, x 8.
Raptophasma kerneggeri, nymph, x 10.
Pseudoperla sp., nymph, x8.

e
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2.37 Orthopterans — Insecta: Orthoptera

The orthopterans (Orthoptera = Saltatoria) include crick-
ets, katydids, grasshoppers and locusts. The common
feature of all Orthoptera is the development of the hind
legs into elongate jumping legs. The jumping muscle is
located in the swollen femur. The wings lie flat or
rooflike over the abdomen when the insect is at rest. In
nymphs, the wing pads of the front wings are often
covered by the fanned pads of the back wings. Most of
the Saltatoria can produce sounds by rubbing together
the stridulating organs located at the base of the two
front wings (Ensifera) or on the hind femorae and front
wings (Caelifera).

The orthopterans are divided into two taxonomic
groups: long-horned orthopterans (Ensifera), including
katydids (Tettigonioidea), camel crickets (Gryllacrido-
idea) and crickets (Grylloidea), and short-horned or-
thopterans (Caelifera), including field grasshoppers
(Acridoidea). The majority of orthopterans found in
Baltic amber are long-horned orthopterans (Ensifera).
Only two field grasshopper species (Caelifera: Acridoi-
dea) of the family Tetrigidae have been recorded from
Baltic amber.

WEDNER (1956) covered the Orthoptera of Baltic
amber. The comparison he made to contemporary rela-
tives of the amber Orthoptera revealed the existence of
relict groups in the humid, Indo-Malayan jungle. They
are forest~-dwellers that scale trees in search of insect
prey, or wingless grasshoppers (Rhaphidophora) that
occur in tropical Asia and in caves in the Mediterrane-
an. WEDNER concluded that ANDER (1942) came closest
to the truth when he suggested that the amber forest had
a warm, temperate climate characterized by high hu-
midity and minimal temperature fluctuations.

ENSIFERA
Tettigonioidea: Tettigonidae
Eomortoniellus handlirschi ZEUNER, 1936
Lipotactes (7) bispinatus WEIDNER, 1956
Lipotactes martynovi ZEUNER, 1936
Gryllacridoidea: Rhaphidophoridae
Rhaphidophora antiqua CHoparD, 1936
Rhaphidophora tachycinoides CHopParD, 1936
Rhaphidophora zeuneri CHOPARD, 1936
Protroglophillus sukatshevae Gorocrov, 1989
Grylloidea: Gryllidae
Acheta (?) sp. (CHOPARD, 1936)
Heterotypus septentrionalis CHOPARD, 1936
Madasumma europensis CHOPARD, 1936
Stenogryllodes brevipalpis CHOPARD, 1936
Trichogryllus macrocercus (GERMAR & BERENDT, 1856)
CAFELIFERA
Tetrigoidea: Tetrigidae
Acrydium (8.1.) bachofeni ZEUNER, 1937
Succinotettix chopardi PrtoN, 1918

Fig. 52: Cricket nymph.

Plate 37: Orthopterans (Insecta: Orthoptera) in Baltic amber.

a-h  Nymphs of long-horned orthopterans (Ensifera), a x5, b x4, ¢ x4, d x5, e x4, f x7, g x5, h x5.
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2.38 Psocids — Insecta: Psocoptera

The information on psocids (barklice or booklice) from
Baltic amber is based on the comprehensive mono-
graph of the fossil Copeognatha and their phylogeny by
EnpERLEIN (1911 a). This pioneering work was later
supplemented by RoesLer (1943). Another new de-
scription originates from the Bitterfeld deposits: Embi-
dopsocus saxonicus GUNTHER, 1989. The phylogenetic
relationships within the Copeognatha or Psocoptera
have since been revised in parts; several new families
were established (cf. WEmDNER 1972). A total of 30
species are described from Baltic amber, these being
divided into roughly 20 genera and the following 11
families:

ATROPIDA
Amphientomidae
Elipsocidae
Liposcelidae
Philotarsidae
Sphaeropsocidae
Trogiidae

Psocma
Archipsocidae
Caeciliidae
Epipsocidae
Psocidae
Trichopsocidae

ENDERLEIN (1911 a) concluded that several species are
very frequent in amber, while others are found only
occasionally. The frequencies of amber Psocoptera do
not correspond to those of extant species, but rather
reinforce the impression that species expected to be rare
are frequent, and vice versa. Species that developed on
the resin-producing trees and were more easily cap-

tured by the flowing resin are overrepresented. It is
noticeable that frequent species are also represented in
amber by nymphs in every instance: e.g. Psocidus
multiplex ROESLER, 1943 (= Copostigma affinis (PICTET
& HAGEN, 1856)). According to this interpretation, spe-
cies that were not directly dependent on the resin-
producing trees visited them only randomly and are
therefore rare in amber.

The phylogenetically younger Psocida (Isotectomera)
are generally more species-diverse and abundant than
the older Atropida (Heterotectomera). This distribution
pattern agrees with that of extant tropical fauna. ENDER-
LEIN (1911 a) therefore suggested that the ground plan
of the modern Psocoptera was already evolved in the
Mesozoic and remained constant beyond the Tertiary
(Eocene).

Fig. 53: Sphaeropsocus cf. kuenowi HaGen, 1882, psocid
(Psocoptera: Sphaeropsocidae).

Plate 38: Psocids (Insecta: Psocoptera) in Baltic amber.

a Archipsocus puber Hacen, 1882, x25.

¢ Sphaeropsocus kuenowi HAGEN, 1882, x25.

e Psocidus affinis (PicTeT & HaGen, 1856), x 10.
g Epipsocus ciliatus (PicTeT & Hagen, 1856), x 9.

Archipsocus puber HaGEN, 1882, x 20.
Sphaeropsocus kuenowi HaGen, 1882, x 35.
Psocidus sp., x12.

Epipsocus ciliatus (Picter & HaGeNn, 1856), x 11.
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2.39 Thrips - Insecta: Thysanoptera

The Thysanoptera are commonly known as thrips. They
are small (1 to 2 mm), slender and somewhat flattened
insects with piercing-sucking mouthparts used to suck
nectar or the juices from pollen, leaves, stems, bark and
fungal hyphae. The nymphs and imagoes live in the leaf
litter, in the herbaceous and shrub layers, and on trees.
Some thrips are predaceous on aphids, scales and mites.

The last segment of the foot bears the arolium,
which can be expanded as necessary to form a large
adhesive organ. The wings are typically slender with
only a few veins or none at all. The wings have a fringe
of long hairs that significantly increase the surface area
of the wing. The immatures are wingless, although the
wing pads are already present in the nymphs. Except for
the species with reduced wings, the Thysanoptera occur
as aerial plankton and occasionally form large swarms.

The wingless immatures may have ended up in the
resin by actively coming into contact with it, or simply
being covered by a resin flow. The winged adults be-
long to the aerial plankton, i.e. they drift passively on
the wind. It is probable that they were blown onto the
trees and into the resin. Flightless species have appar-
ently not been preserved in Baltic amber (cf. Larsson
1978).

The Thysanoptera of Baltic amber were covered by
BacNALL (1914, 1924, 1929), Primsner (1924, 1929)
and STANNARD (1956). The fossil species are listed in
JacoTr-GuiLLarMoD (1970) and Spabr (1992). ScHLikp-
HAKE (1990, 1993, 1997, 1999 a,b, 2000) expanded the
list of Tertiary Thysanoptera. Apart from undetermined
immatures, the roughly 70 species from Baltic amber
are divided among the following six families:

TEREBRANTIA
Aeolothripidae
Heterothripidae
Merothripidae
Opadothripidae
Thripidae

TUBULIFERA
Phlaeothripidae

gl " .\\\{\:\\:\:\
..

Fig. 54: An extant species: Anaphothrips obscurus (after
JacoBs & RENNER 1988).

Plate 39: Thrips (Insecta: Thysanoptera) in Baltic amber.

a x32, b x30, ¢ x35, d x35, ¢ x35, f x32, g x33, h x34.
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2.40 Water bugs and water striders — Insecta: Heteroptera

The Heteroptera, or true bugs, are classified together
with psyllids, whiteflies, aphids, coccids (Sternorrhyn-
cha) and cicadas, leathoppers, treehoppers, fulgoroids
(Auchenorrhyncha) in the taxonomic group of the Hemi-
ptera. Their monophyletic origin is based in part on the
common structure of the piercing-sucking mouthparts.
Most true bugs are plant-sucking or predaceous terres-
trial insects, while others live in or on the water. The
water striders (Gerromorpha) live on the surface film of
freshwater, searching the surface for food, while the
water bugs (Nepomorpha) live under water, leaving it
only to disperse and mate.

Expectedly, only a few specimens of water bugs
(Nepomorpha) have been found. In addition to a Nep-
idae mentioned in the early literature (ANDER 1942,
Bacuoren-Ecar 1949) and a Notonectidae mentioned
by Jorpan (1953), Bacuoren-EcHr (1949) also reported
three nymphs of a Corixidae. Further Corixidae nymphs
have recently been identified. It is rather astounding
that nymphs of the aquatic Nepomorpha occur in am-
ber, considering that these insects first leave the water
as adults. Extant Corixidae inhabit shallow, standing or
slowly running waters. The water may have dried up at
that time, forcing the nymphs to search for nearby
alternatives. The corixid nymphs trapped in amber (Plate
40f) appear as if they were using their extended swim-
ming legs to actually swim in the liquid resin (WicHARD
& WEITsCHAT 1996).

Water striders (Gerromorpha) have also been re-
corded (GERMAR & BERENDT 1856, BacroreN-EcHT 1949,
LLArRssoN 1978, WEITSCHAT & WICHARD 1996, Porov
1996, ANDERSEN 1982, 1998, 2000). Although the wing-
less adults and the nymphs of the water striders normal-
ly live on the water surface on ponds or streams, some
specimen leave the semiaquatic habitats or must leave
a pond or stream that dry up during a period of drought.
Close to the shore they aggregate in protected terrestrial
areas (ANDERSEN 2000). The resin-producing trees must
have grown close to the ponds and streams so that the
water striders may become trapped by flows of resin.
ANDERSEN (2000) reported of the fossil semiaquatic

bugs of the eocene Baltic amber and presented the
fossil species of three gerromorphean families:

Gerridae
Electrogerris kotashevichi ANDERSEN, 2000
Succineogerris larssoni ANDERSEN, 2000
Gerris Fasricius, 1794 (nymphs)
Veliidae
Electrovelia baltica ANDERSEN, 1998
Balticovelia weitschati ANDERSEN, 2000
Hydrometridae
Metrocephala anderseni Porov, 1996
Limnacis succini GERMAR & BERENDT, 1856
Limnacis hoffeinsi Porov, 1996

Fig. 55: Water strider Metrocephala anderseni Porov, 1996
(Gerromorpha: Hydrometridae).

Plate 40: True bugs (Insecta: Heteroptera) in Baltic amber I (Nepomorpha, Gerromorpha).

a Limnacis hoffeinsi, holotype, x 10.

¢ Metrocephala anderseni, holotype, x12.
e Electrogerris kotashevichi, holotype, x 9.
g Water boatman (Corixidae), dorsal, x 11.

Limnacis sp. (Hydrometridae), x 11.
Metrocephala anderseni, head, x 25.
Water boatman (Corixidae), larva, x 10.
Water boatman (Corixidae), lateral, x 10.
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2.41 Plant bugs — Insecta: Heteroptera (Miridae)

The Miridae, or plant bugs, make up a very species-
diverse family of Heteroptera. They are polyphagous
plant-suckers that feed on a wide range of plants. Some
species are restricted to pine trees and several are even
more specialized on their host plants. As plant bugs are
relatively common in amber compared to other true
bugs, many polyphagous species may also be expected
to occur in amber in addition to the pine and conifer
specialists. GERMAR & BERENDT described the first 13
Miridae species in 1856, placing them in the genus
Phytocoris.

According to Porov & Herczek (1993 a), these plant
bugs belong to the subfamily Cylapinae, which is pri-
marily distributed in the subtropics. The subfamilies
Deraeocorinae (Deraeocoris balticus HERcZEK & GOR-
cyca 1991), Mirinae and probably Orthotylinae, Phy-
linae or Bryocorinae, are also represented. Eocene iso-
metopine species of the genera Archemyiomma, Clavi-
myiomma, Electromyiomma, Electroisops and Meto-
isops from Baltic amber have contributed to clarifying
the phylogenetic relationship between the Psallopinae
(Isometopsallops schuhi Porov & Herczek, 1993 b) and
the tropical Isometopinae. As is the case with many

other families, the revision of the Miridae from Baltic
amber is still only in the initial stages (JORDAN 1944,
CarvaLno 1966, Carvarno & Porov 1984, HErRczek
1991 a, b, 2000, HErcZEK & Porov 1992, 1997 a, b, 1999,
2000, Porov & Herczex 1992, 1993 a,b).

A list of terrestrial bugs requiring further classifica-
tion was presented by Spanr (1988) and supplemented
by Porov & HEerczek (1993 a, Porov 2001). They are
divided among the following families:

Anthocoridae

Aradidae (Plate 42)

Ceratocombidae

Enicocephalidae (Plate 43¢, )

Lygaeidae

Miridae (Plate 41)

Nabidae

Pentatomidae

Piesmatidae

Reduviidae (Plate 43a-d, g, h)

Saldidae

Schizopteridae

Thaumastocoridae

Tingidae (Plate 44)

Fig. 56: Plant bug (Heteroptera: Miridae) in Baltic amber, dorsal and ventral.

Plate 41: True bugs (Insecta: Heteroptera) in Baltic amber II (Miridae).

a-h  Plant bugs (Miridae) with (b) Electromyiomma weitschati Porov & HERCZEK, 1992, holotype,
a x10, b x20, ¢ x14, d x13, e x12, f x16, g x13, h x 16,
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2.42 Flat bugs — Insecta: Heteroptera (Aradidae)

Publications on the Aradidae, or flat bugs, report nine
described species and one nymph. Herss (1997, 1998,
2000)) suggests that the number of species identified to
date is surprisingly small in view of the fact that the
Aradidae occur on fungus-infested deciduous and co-
niferous trees, and that the “Baltic amber forest” must
have been a suitable biotope. They are divided among
the following four subfamilies:

Aneurinae
Aneurus ancestralis Hriss, 1997
Aradinae
Aradus assimilis GERMAR & BERENDT, 1856
Aradus consimilis GERMAR & BERENDT, 1856
Aradus frater Porov, 1978
Aradus frateroides Helss,1998
Aradus popovi Hriss, 1998
Aradus superstes GERMAR & BERENDT, 1856
Calisiinae
Calisius balticus USINGER, 1941
Calisius rietscheli Heiss, 2000
Calisius vonholti Heiss, 2000
Calisius weitschati Hriss, 2000
Mezirinae
Mezira succinica USINGER, 1941

Most extant Aradidae live gregariously under the bark
of deciduous and coniferous trees. They can be found in

bark crevices and on the surface of tree fungi (Poly-
porus, Trametes), where they use their long, piercing-
sucking mouthparts to feed on mycelium. These pierc-
ing stylets grow to many times the body length and are
rolled up in the head capsule when not in use. Only a
few species are known to suck directly on plant juices,
e.g. the Central European, pine-dwelling Aradus cinn-
amomeus.

With their flattened bodies, usually brownish color-
ing and rough surface structure, the Aradidae are well-
adapted to their habitat and difficult to distinguish. This
camouflage certainly protects them from falling prey to
birds, for example.

Ninety percent of the roughly 2,000 species de-
scribed to date inhabit tropical and subtropical rainfor-
ests. Many of them are completely wingless, while
others display bizarre shapes and have developed a
highly sculptured surface.

The similarity of several species described from
Baltic amber to extant taxa on conifers suggests that the
fossil forms lived on the resin-producing pine trees and
other conifers of the “amber forest”. As is the case with
many other insects, it is remarkable that the body type
of the Aradidae has remained unchanged, despite their
great age of 40 to 50 million years, thus permitting
classification of the amber specimens in contemporary
genera.

Fig. 57: Flat bugs: Aradus superstes, Aradus consimilis, Aradus frateroides (after Heiss 1998).

Plate 42: True bugs (Insecta: Heteroptera) in Baltic amber III (Aradidae).

a Aradus sp., male, x 10.

¢ Aradus sp., female, x 11.

e Aradus sp., x11.

g Aneurus ancestralis Heiss, 1997, holotype, x 12.

b Aradus sp. head and thorax, ventral, x 22.

d Aradus sp., x12.

f Aradus sp., x11.

h  Calisius weitschati Heiss, 2000, holotype, x 22.
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2.43 Assassin bugs — Insecta: Heteroptera (Reduviidae)

While most assassin bugs have sturdy bodies and dark
coloring, some are very delicate and slender with a
midge-like shape and long antennae. The antennae are
always longer than the head and pronotum, and thread-
like towards the tip. The first antenna segment is dis-
tinctly angled. The three-segment proboscis is sickle-
shaped and folded under the protruding head when not
in use. The forelegs have developed into highly differ-
entiated raptorial legs. Assassin bugs prefer to prey on
other insects, which they pierce, paralyze and subse-
quently feed on by sucking. Assassin bugs are rare in
Baltic amber. Only a few species have been described:

Collarhamphus mixtus Putsakov & Porov, 1995
Platymeris insignis GERMAR & BERENDT, 1856
Proptilocerus dolosus WAsMaNN, 1933

Redubitus centrocnemarius Putsakov & Porov, 1993.
Redubinotus liedtkei Porov & Putsukov, 1998.

Wasmann (1933) described one particularly interesting
assassin bug known as Proptilocerus dolosus. 1t is an
“ant-killing, myrmecophilous bug”, whose closest rel-
ative, Ptilocerus ochraceus, is currently native to Java.
This assassin bug feeds on an ant species (Dolichode-
rus bituberculatus) that is very common in Southeast
Asia. The assassin bug produces a secretion from the
ventral side of the abdomen that is attractive, but toxic
to ants. As soon as a worker approaches the bug, it
presents the gland-covered surface of the abdomen by
rising up on its middle and hind legs. As soon as the ant
starts feeding on the secretions, the bug carefully wraps
its forelegs around the prey and positions its proboscis

on the ant’s neck. Once the poison takes effect after a
few minutes and the ant shows signs of paralysis, the
assassin bug stabs its victim with the proboscis and
sucks out the hemolymph. It quietly and inconspicu-
ously feeds on one passing ant after the other in this
way (HorrpoBLER & WiLsoN 1995). The empty ant
integuments found lying next to a fossil assassin bug in
amber were described by Wasmann as Hypoclinea
(Dolichoderus) tertiaria Mayr, 1868.

Fig. 58: Assassin bug: Collarhamphus mixtus PutsHkov &
Porov, 1995 (Reduviidae, Emesinae).

Plate 43: True bugs (Insecta: Heteroptera) in Baltic amber IV (Reduviidae, Enicocephalidae).

a  Proptilocerus dolosus (holotype) with ant integuments, x9 b

¢ Collarhamphus mixtus (holotype) (Emesinae), x 10.
e Gnat bug (Enicocephalidae), x22.
g Assassin bug, exuvia (dorsal), x 10.

Proptilocerus dolosus, head, antennae, x 17.
d Assassin bug (Saicinae), x7.

f Gnat bug (Enicocephalidae), x 20.

h Assissan bug, exuvia (ventral), x 10.
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2.44 Lace bugs — Insecta: Heteroptera (Tingidae)

Lace bugs are one of the aesthetic peculiarities among
Baltic amber inclusions. They are flattened bugs char-
acterized by areolate reticulations of the pronotum and
hemelytra. The variety of attractive species is reflected
by this dense network of longitudinal veins and cross
veins. The intermediate spaces are of varying size,
more or less round or square, and generally arranged in
rows. A medial keel runs down the center of the prono-
tum and is usually accompanied on both sides by short-
er, lateral keels. The pronotum and hemelytra terminate
in a lateral margin with sharp, long spines bearing setae.
The head has four spines, including two jugals and two
frontals (7ingcader, Fig. 59) bearing several curved
spines. In contrast to the imagoes, the larvae are cov-
ered with spines.

Tingidae are strictly herbivorous and often restrict-
ed to specific host plants. This relationship explains the
relative rareness of lace bugs in amber. As is the case

with flat bugs, the lace bug species preserved in Baltic
amber are those normally associated with the resin-
producing trees. Other species can also occur at random
and are thus very rare in amber. According to a revision
by GorLus & Porov (1998) and Golub (2001), the fol-
lowing seven Tingidae species have been reported to
date:
Cantacaderinae
Paleocader avitus (DRakg, 1950)
Paleocader quinquecarinatus (GERMAR & BERENDT,
1856)
Paleocader strictus GoLus & Porov, 1998
Intercader weitschati GoLuB & Poprov, 1998
Sinalda baltica (Drakg, 1950)
Sinalda froeschneri GoLuB & Popov, 1998
Tingicader cervus GoLus & Porov, 1998
Tinginae
Archepopovia yurii GoLus, 2001

1

Fig. 59: Lace bug Tingicader cervus GoLus & Porov, 1998: exuvia (dorsal), exuvia (ventral), imago (holotype).

Plate 44: True bugs (Insecta: Heteroptera) in Baltic amber V (Tingidae).

a Sinalda baltica (DrAKE, 1950), x12.

¢ Paleocader strictus GoLus & Porov, 1998, x 13.
e Tingicader cervus GoLuB & Porov, 1998, x22.
g Tingicader cervus, exuvia, dorsal view, x 30.

Sinalda baltica (Drakg, 1950), x 18.

Paleocader strictus GoLus & Porov, 1998, x 12.
Intercader weitschati GoLus & Porov, 1998, x 30.
Tingicader cervus, exuvia, ventral view, x25.
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2.45 Winged cicadas — Insecta: Auchenorrhyncha

The Auchenorrhyncha (cicadas, leafhoppers, treehop-
pers, fulgoroids), Heteroptera (true bugs) and Sternor-
rhyncha (psyllids, whiteflies, aphids, coccids) belong
to the Hemiptera, all of which are characterized by
piercing-sucking mouthparts. Like virtually all Hemi-
ptera, auchenorrhynchans feed on plants by piercing
them and sucking the plant juices. Most species live in
the tropics and subtropics and their feeding habits make
them directly dependent on plants. The females often
insert their eggs into the plant tissue with the ovipositor,
or deposit them in the soil in the direct vicinity of the
plant. The song of the cicadas plays an important role
in mating. The typical timbal organ consists of a convex
cuticular plate reinforced with ribs, which is often pro-

Fig. 60: Amber auchenorthynchans (Fulgoromorpha: Cixi-
idae).

tected by an operculum. The paired, dorsolateral timbal
organs are located on the first abdominal segment.
Sound is produced by the in-and-out movement of the
cuticular plate caused by muscle action and inherent
elasticity.

No comparative studies of the timbal organs of the
cicadas in Baltic amber have been conducted to date,
and no information is available on the paleobiology of
the cicadas. The amber publications in this area concen-
trate on inventorying, identifying and describing cicada
species on the basis of the imagoes and nymphs.

Nymphs are much more numerous in Baltic amber
than adults. Larsson (1978) linked this ratio to the
assumption that the resin production of the amber trees
was more active at the time of year when cicada nymphs
are phenologically more numerous than imagoes. In
temperate climate zones, this period occurs in spring
and early summer. However, the annual developmental
cycle of the cicadas becomes less distinct as the climate
shifts to subtropical and tropical conditions. In addi-
tion, not all cicadas are monocyclic. They can go through
two or more generations each year, or sometimes take
several years to complete their developmental cycle.

These highly interesting considerations require very
precise knowledge of the respective developmental
cycles of the insects and, for verification purposes,
should also include comparative studies of the develop-
ment stages of other insects.

Plate 45: Auchenorrhynchans (Insecta: Auchenorrhyncha) in Baltic amber 1.

a-d Winged fulgoromorphs (Fulgoromorpha), a x8, b x7, ¢ x8, d x9.
e-h  Winged spittlebugs (Cicadomorpha), e x 10, f x10, g x9, h x 10.
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2.46 Cicada nymphs — Insecta: Auchenorrhyncha

Auchenorrhynchans are divided into two groups: the
Fulgoromorpha and the Cicadomorpha. Both are repre-
sented in Baltic amber. The description of the fossil
amber auchenorrhynchans is far from complete and
primarily based on the early works of GERMAR & BER-
ENDT (1856) and the later, less comprehensive works of
Bervoers (1910), CockereLL (1910), Jacosi (1938) and
UsINGER (1939). New studies are from Szwepo & Ku-
LICKA (1999 a,b), Szwepo & Gesickt (1998, 1999), and
from Gesick1 & Szwepo (2000). The classification and
family grouping of the Auchenorrhyncha are based on
METcALF & WADE (1966), Spadr (1988) and CARVER et
al. (1991):

FULGOROMORPHA
Cixiidae
Cixius fraternus GERMAR & BERENDT, 1856
Cixius gracilis GERMAR & BERENDT, 1856
Cixius insignis GERMAR & BERENDT, 1856
Cixius loculatus GERMAR & BERENDT, 1856
Cixius longirostris GERMAR & BERENDT, 1856
Cixius sieboldti GERMAR & BERENDT, 1856
Cixius succineus GERMAR & BERENDT, 1856
Cixius vitreus GERMAR & BERENDT, 1856
Cixius cf. cunicularius L.
Cixius cf. nervosus L.
Kulickamia jantaris GeBicki & Szwepo, 2000
Oliarus oligocenus COCKERELL, 1910
Dictyopharidae
Dictyophara reticulata (GERMAR & BERENDT, 1856)
Flatidae
Flata cf. cunicularia BURMEISTER
Flata cf. nervosa GRAVENHORST
Fulgoridae
Poiocera nassata GERMAR & BERENDT, 1856
Poiocera pristina GERMAR & BERENDT, 1856

Issidae

Issus reticulatus (BErRvOETS, 1910)
Ricaniidae

Tritophania patruelis Jacosi, 1938

CICADOMORPHA
Aphrophoridae
Aphrophora electrina GERMAR & BERENDT, 1856
Aphrophora vetusta GERMAR & BERENDT, 1856
Ptyelus carbonarius (GERMAR & BERENDT, 1856)
Cercopidae
Cercopis melaena GERMAR & BERENDT, 1856
Cicadellidae
Ambericarda skalskii Szwepo & GEBICKI, 1998
Cicadella minuta (BERVOETS, 1910)
Typhlocyba encaustica GERMAR & BERENDT, 1856
Typhlocyba resinosa GERMAR & BERENDT, 1856
Cicadidae
Coelidiidae
Coelidia immersa (GERMAR & BERENDT, 1856)
Coelidia spinicornis (GERMAR & BERENDT, 1856)
Iassidae
lassus homousius (GERMAR & BERENDT, 1856)
lassus punctatus (BERVOETS, 1910)
Macropsidae
Macropsis homousia (GERMAR & BERENDT, 1856)
Macropsis minuta (BERvOETS, 1910)
Tettigellidae
Tettigella proavia (GERMAR & BERENDT, 1856)
Tettigella terebrans (GERMAR & BERENDT, 1856)

The family Tettigometridae, from Larsson (1978), and
the genera Cicadula, Deltocephalus and Thamnotettix
of the family Euscelidae, from Bacuoren-EcHr (1949),
are also included.

Plate 46: Auchenorrhynchans (Insecta: Auchenorrhyncha) in Baltic amber II.

a-d

Fulgoromorph nymph (Fulgoromorpha), a x9, b x10, ¢ x9, d x12.

e-h  Cicadomorph nymph (Cicadomorpha), e x12, f x11, g x13, h x12.
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2.47 Aphids — Insecta: Sternorrhyncha (Aphidoidea)

Aphids suck the juices of leaves and tender shoots and
can therefore frequently transmit viral plant diseases.
This risk is increased by the enormous reproduction
rate of many species. Aphids reproduce parthenogenet-
ically and sexually. Host plant alternation is species-
specific. The females are winged or wingless, vivipa-
rous or oviparous. The males are usually winged (Aphid-
idae) and, if wingless, are comparatively small.

The aphid reproduction rate is controlled by the food
supply. They take advantage of favorable feeding con-
ditions to rapidly expand populations by means of par-
thenogenetic reproduction. Viviparity helps shorten the
time span of embryonic development, which begins
when the mother is herself in the embryonic stage in the
body of the grandmother. Female aphids in this devel-
opmental stage are wingless (Plate 47b). This rapid,
parthenogenetic development continues for several,
endogenically defined generations, and is followed by
sexual reproduction between a winged female and males.
The fertilized eggs develop into parthenogenetic, wing-
less females. The goal of the aphid reproduction cycle
is to achieve a high reproduction rate with the shortest
possible development stage. The details of this process
among the various species are much more complicated
than described here.

Not surprisingly, aphids are common in Baltic am-
ber as winged and wingless adults and as wingless
nymphs. Of the aphids embedded in amber, the species
represented by nymphs and females must have inhabit-
ed and utilized the resin-producing tree as a host plant,
while the winged aphids may have been visitors from
other plants. Hele (1967, 1968, 1969, 1970, 1971, 1972,
1976, 1981 and 1985) compiled a list of the aphids in
Baltic amber containing over 60 species, to which six
more species were added by WEGIEREK (1990, 1996 a, b).
The genus Germaraphis, comprising at least 15 species
(Pemphigidae), is dominant in amber and represented
by nymphs and wingless adults. Several of these fossil

species are characterized by a rostrum that is longer
than the entire body (Plate 47 e, f), this being interpreted
as an adaptation to the bark of the resin-producing
amber tree (Heme 1967, LarssoN 1978). The amber
species are distributed among the following families
(HeE 1985, WEGIEREK 19964, b):

Anoeciidae Aphididae
Drepanosiphidae Electraphididae
Hormaphididae Mindaridae
Pemphigidae Thelaxidae

Fig. 62: Winged aphid Schizoneurites sp. (Electraphididae).

Plate 47: Sternorrhynchans (Insecta: Sternorrhyncha) in Baitic amber I (Aphidoidea).

a  Schizoneurites sp. (Electraphididae), x 20.

¢ Mindarus magnus (Mindaridae), x 11.

e  Germaraphis cf. oblonga (Pemphigidae), larva, x20.
g Megapodaphis monstrabilis (Drepanosiphidae), x 20.

b Palaeosiphon hirsutus (Drepanosiphidae), female, x 22.
d  Electromyzus acutirostris (Drepanosiphidae), x 15.
f  Germaraphis cf. dryoides (Pemphigidae), larva, x21.
h  Megapodaphis sp. (Drepanosiphidae), larva, x22.
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2.48 Coccids — Insecta: Sternorrhyncha (Coccoidea)

Six-thousand extant species of scale insects occur all
over the world, although most are subtropical or trop-
ical. The Coccoidea display distinct sexual dimorphism,
meaning that the males and females have very different
appearances.

In accordance with the general body characteristics
of adult insects, the body of the males comprises the
head, thorax and abdomen. They have forewings and
hind wings, the latter possibly being reduced to short
rudiments or completely absent. The mouthparts are
also reduced, meaning that the males do not feed. Males
usually have compound eyes, although even these are
reduced in some species.

All females have a larval structure, with the body
segmentation being hardly distinguishable at all. They
are wingless and the antennae and legs are reduced or
absent. As a result, the females of many species are
entirely sessile.

Fossil scale insects are rare. The oldest specimens

a b

originate from the Lower Cretaceous. Although amber
inclusions are known from Lebanese, Taimyr, New
Jersey and Dominican amber, nearly 90 % stem from
Baltic amber, including the Bitterfeld deposits. The first
scale insect (Acreagris crenata) reported from amber is
a wingless female or larva described by Kocu & BEr-
ENDT (1854), but mistakenly classified with the Aptery-
gota. Ferris (1941) published a comprehensive study of
the scale insects in Baltic amber. Fossil scale insects,
particularly those from Baltic amber, have been the
subject of intense study by Kotesa since 1981 (Kotera
2000). Although the males survive for only one to three
days, they are more frequent in Baltic amber than fe-
males or nymphs. Roughly 50% of all scale insects
occurring in Baltic amber belong to the genus Matsu-
coccus and one of its five species (Kotera 1984). Extant
matsucoccids are confined to the Holarctic and to the
conifers genus Pinus. The fossil Pinus succinifera is
discussed as the resin-producing conifer.

0.2mm

:

Fig. 63: a A hatching archeococcid larva from venter, b A pityococcid larva with exposed piercing stylets, ¢ Three males

and a female of pityococcids in copula (after Koteia 1998).

Plate 48: Sternorrhynchans (Insecta: Sternorrhyncha) in Baltic amber II (Coccoidea).

a Scale insect, (Margarodidae), male, x 12.

¢ Scale insect (Putoidae), male, x 14.

e Scale insect (Margarodidae), male, x 12.

g Arctorthezia antigua (Ortheziidae), female, x 12.

b Matsucoccus pinnatus (Matsucoccidae), x 20.
d Matsucoccus pinnatus (Matsucoccidae), x 20.
f  Scale insect, wingless male, x 15.

h Scale insect, (?Margarodidae) female, x 12.
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2.49 Whiteflies, psyllids — Insecta: Sternorrhyncha (Aleyrodoidea, Psylloidea)

Whiteflies are known as such because their body and
wings are often covered with a waxy coating secreted
from ventral wax glands on the abdomen. They use
their legs to spread the wax over their bodies, making
them appear white. The remains of this wax coating are
occasionally also visible on whiteflies preserved in
amber, giving the wings a patchy appearance. The males
and females are winged and hold the wings in a rooflike
position over the abdomen when not in use. While
masses of whiteflies often occur on plants today and
occasionally also spread viral diseases, the few amber
inclusions do not support any statements concerning
the biology and ecology of their Eocene ancestors. As
whiteflies have also been found in Burmese and Leba-
nese amber, they are preferred objects for the phyloge-
netic study of fossil and extant species (ScHLEE 1970).
The first and currently only whitefly from Baltic amber
was described nearly 150 years ago:

Aleyrodidae
Aleyrodes aculeatus MENGE, 1856

Similarly, only one psyllid species was known from
Baltic amber for many years: Strophingia oligocaenica
EnDERLEIN, 1915. This species has since been assigned
to a new genus and further species belonging to the
families Aphalaridac and Paleoaphalaridae have been
described (Kimaszewskr 1993, 1997):

Aphalaridae
Paleopsylloides oligocaenica (ENDERLEIN, 1915)
Eogyropsylla eocenica Kumaszewskr, 1993
Eogyropsylla jantaria Kimaszewski, 1993
Eogyropsylla magna Kumaszewski, 1997

Eogyropsylla parva Kumaszewskr, 1997

Parascenia weitschati Kuivaszewski, 1997
Paleoaphalaridae

Protoscena baltica Kuimaszewski, 1997

Over 1,200 extant psyllid species are distributed all
over the world. They occur in the temperate climate
zone, but are more diverse in subtropical and tropical
regions. Parascenia weitschati is a typical example of
the amber psyllids. This species is most closely related
to the genus Colopscenia, whose extant species are
primarily distributed from central to western Asia, but
also occur in the Mediterranean region.

Fig. 64: Whitefly (Aleyrodoidea: Aleyrodidae).

Plate 49: Sternorrhynchans (Insecta: Sternorrhyncha) in Baltic amber III (Aleyrodoidea, Psylloidea).

a Whitefly (Aleyrodidae), x 40.

c-h  Psyllids:

c Eogyropsylla sp. (Aphalaridae), x 18.

e Eogyropsylla jantaria (Aphalaridae), holotype, x 23.
g Parascenia weitschati (Aphalaridae), holotype, x 18.

b  Whitefly (Aleyrodidae), x 35.

d Eogyropsylla sp. (Aphalaridae), x 20.
f  Eogyropsylla sp. (Aphalaridae), x 18.
h  Eogyropsylla sp. (Aphalaridae), larva, x37.
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2.50 Fishflies — Insecta: Megaloptera (Corydalidae)

The order Megaloptera belongs to the group of holome-
tabolous insects (Holometabola, Endopterygota) that
undergo complete metamorphosis. Between the last
larval stage and the imago, there is a pupal stage, a
brief, quiescent phase during which the larvae trans-
form into winged and sexually mature imagoes. The
Holometabola include the following insect orders:
Megaloptera, Raphidioptera, Planipennia (= Neuropte-
ra), Coleoptera, Strepsiptera, Hymenoptera, Mecoptera,
Trichoptera, Lepidoptera, Diptera and Siphonoptera.

Pupae of these orders are found only rarely in amber,
because they have no locomotive organs and generally
lead a reclusive lifestyle during their brief developmen-
tal phase. The pupae found in amber are among the
rarest inclusions. Planipennia pupae (Plate 56g), ant
pupac (Hymenoptera: Formicidae; Plate 71d,f) and
Diptera pupae of the Tipulidae (Plate 80 g,h) and Ani-
sopodidae (Plate 82c,d) were probably entombed in
amber because, although hidden, they were not suffi-
ciently protected from the flowing resin.

Only about 300 extant Megaloptera species are
known today worldwide, these primarily occurring in
the subtropics and tropics (Aspock et al. 1980, New &
THEISCHINGER 1993). They are divided into two fami-
lies: Corydalidae and Sialidae. Their larvae are aquatic
and only leave the water in the last stage to pupate in the
soil near the water’s edge. The winged imagoes keep
close to water and usually lay their eggs on overhang-
ing plants, so that the primary larvae can fall safely into
the water.

Megaloptera are primitive Holometabola with a fos-
sil record dating back to the early Paleozoic Era. The
oldest representatives originate from the Upper Permi-
an (Riek 1976, PoNoMARENKO 1977): Permosialis (Per-
mosialidae), Parasialis, Sojanasialis (Parasialidae) and
Tychtodelopterum (Tychtodelopteridae). Both imagoes
and larvae have been described. The nine pairs of ap-
pendages on both sides of the larval abdomen are indic-
ative of an aquatic lifestyle. Larvae of extant species
have seven (Sialidae) or eight (Corydalidae) pairs of
abdominal gills.

Other larvae and imagoes are known from the Mes-
ozoic. Cretochaulus lacustris PONOMARENKO, 1976 was
described from a larva and an imago from the Lower
Cretaceous and is the first fossil record of the family
Corydalidae. The description of Chauliosialis sukat-
shevae PONOMARENKO, 1976 is based on a larva from
Upper Cretaceous Taimyr amber. The familial assign-
ment is uncertain.

While the family Corydalidae (Chauliodes prisca
PictET, 1854) was also found to occur later on in Eocene
Baltic amber of the Cenozoic, the family Sialidae was
reported for the very first time from this epoch and era
on the basis of larvae (WEDNER 1958) and imagoes
(WicHARD 1997). These discoveries support the phylo-
genetic theory (Ponomarenko 1977) that the family
Sialidae did not appear as a young branch in the phyl-
ogenetic tree of the Megaloptera until the beginning of
the Cenozoic, while the Corydalidac were already
present in the Mesozoic.

Plate 50: Fishflies (Insecta: Megaloptera) in Baltic amber I (Corydalidae).

Eye region with pectinate antennae of Chauliodes sp. (Corydalidae), male, x 38.
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2.51 Alderflies — Insecta: Megaloptera (Sialidae)

Alderflies live as larvae in the sandy bottom of slowly
running waters or hidden in the muddy banks of stand-
ing waters. They feed on worms and small aquatic
insects. The mature, roughly two centimeter-long lar-
vae leave the water to pupate in the moist soil of the
littoral zone. The hatched imagoes keep close to water,
inhabiting the nearby vegetation. They rarely fly and
usually sit on reeds and other aquatic plants, keeping
their large, darkly veined wings in a rooflike position
over the abdomen when not in flight. After mating and
fertilization, the females immediately lay individual
egg masses, each containing several hundred eggs. The
primary larvae, which hatch after just a few days, must
reach water in order to survive and continue the devel-
opmental process.

This highly water-dependent life cycle makes alder-
flies rare insects in amber. As the imagoes do not feed
extensively and seldom fly, only the mature males take
to the air if they are lured by the attractants secreted by
the females or possibly misled by the scent of the resin.
Only individual males have been reported to date from

Baltic amber. PicTeT (1845) was the first to describe an
exotic megalopteran of the family Corydalidae, with its
impressive, unilateral, pectinate antennae (Plate 50).
Two additional males of the genus Sialis were found
much later (Plate 51a,b, Fig. 65):

Corydalidae
Chauliodes prisca PicTeT, 1854
Sialidae
Sialis groehni WICHARD, 1997
Sialis (Protosialis) baltica WicHARD, 1997

Alderfly larvae are also uncommon in amber. When
present-day larvae leave the water to pupate, they do
not go further than five meters from the water’s edge to
dig a hole for pupation in the loose earth. Two larvae are
known from Baltic amber, which are indicative of high,
local biotope diversity. These discoveries provide clear
evidence that resin-dripping trees must have stood on
the banks of these waters, and that the amber forests
were replete with standing and running waters.

Fig. 65: Sialis baltica WicHarDp, 1997 (Megaloptera: Sialidae), holotype, dorsolateral view.

Plate 51: Alderflies (Insecta: Megaloptera) in Baltic amber II (Sialidae).

a  Sialis groehni WicHARrD, 1997, holotype, male, dorsal, with left hind wing, x 7.
b Sialis baltica WicHARD, 1997, holotype, male, dorsolateral view, x 8.
¢ Sialis sp., larva with lateral tracheal gills and abdominal appendage, x 8.
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2.52 Snakeflies — Insecta: Raphidioptera

Snakeflies are one of the rare, but highly interesting
inclusions in Baltic amber. Only a few larvae have been
reported to date. HAGEN (1856) described two larvae,
only one of which was intact, and placed them in the
genus Raphidia. WEDNER (1958) had access to a further
specimen from the ScHEELE collection. This larva in
extended position is roughly ten millimeters long. The
basic features agree with HaGen’s description of the
Raphidia larva. One relevant feature that distinguishes
larvae of the Raphidiidae from the Inocelliidae is the
number of ocelli (Aspock et al. 1980): the Inocelliidae
have four ocelli, while the Raphidiidae have six or
seven. Accordingly, the larva examined by WEIDNER
belongs to the family Inocelliidae. The description by
HaGen does not take this feature into account.

Present-day snakefly larvae are terrestrial predators
under the bark of trees or in the upper, epedaphic soil
layers under tree and shrub vegetation. The larvae and
imagoes of most species prefer warm habitats. The
nearly 200 snakefly species existing worldwide today
are primarily distributed in Central Asia, the Mediterra-
nean and western North America.

Snakefly imagoes have distinct head, thorax and
wing features. The depressed head bears short, usually
threadlike antennae, strong, chewing mouthparts, large
compound eyes, and ocelli (Raphidiidae), which may
be absent (Inocelliidae). The elongate, cylindrical pro-
notum is what gave this insect its common name: snake-
fly. Atrest, the wings are folded in rooflike fashion over
the abdomen. The wing venation is characterized by a
regular pattern of cells formed by cross-veins and the
branching of the longitudinal veins. Branching increas-
es towards the wing margin.

The following species have been described from
imagoes:

Inocelliidae
Electrinocella peculiaris (CARPENTER, 1956)
Fibla carpenteri ENGEL, 1995
Fibla erigena (HAGEN, 1856)
Raphidiidae
Raphidia baltica CARPENTER, 1956

Fig. 66: Snakefly (Raphidioptera: Inocelliidae) female.

Plate 52: Snakeflies (Insecta: Raphidioptera) in Baltic amber.

a Inocelliidae (Snakeflies), female, with ovipositor, x 5.
b Inocelliidae (Snakeflies), male, x4.
¢ Snakefly larva, x 13.
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2.53 Dustywings — Insecta: Planipennia (Coniopterygidae)

MEemaNDER (1990) lists 423 species in his checklist of
the Coniopterygidae of the world, although tens of
living species have been described during the last dec-
ade. According to Oum (pers. comm.), these extant
species can currently be compared to nine fossil and
two subfossil species. The oldest dustywings originate
from Upper Cretaceous deposits in Kazakhstan (Jura-
coniopteryx zherichini MEINANDER, 1975). The species
Archiconiopteryx liasina ENDERLEIN, 1909 from Upper
Lias deposits in Mecklenburg was recently discovered
to be a specimen of Hemiptera (ANsorGE 1996). Both
species possibly belong to the subfamily Aleuropteryg-
inae. Seven other species persevered in Cretaceous
amber belong to the Aleuropteryginae: Glaesoconis
fadiacra WHALLEY, 1980 (recently assigned to a new
genus: ENGEL in press) from Lebanese amber, Glaeso-
conis cretica MEINANDER, 1975 from Taimyr amber,
Glaesoconis nearctica GRMALDI, 2000 in. New Jersey
amber and four species of Apoglaesoconis from New
Jersey amber (GRIMALDI 2000, ENGEL in press). In addi-
tion, a single species of the subfamily Coniopteryginae
is known from Lebanese amber (Azar et al. 2000).

Several Eocene dustywings from the following six
taxa have been preserved in Baltic amber, including its
Bitterfeld deposits:

Archiconiocompsa prisca ENDERLEIN, 1910
Archiconis electrica ENDERLEIN, 1930

Coniopteryx (Coniortes) timidus (HAGEN, 1856)
Heminiphetia fritschi ENDERLEIN, 1930
Hemisemidalis sharovi MEINANDER, 1975
Hemisemidalis kulickae DoBosz & Krzeminskt, 2000

Archiconis electrica, which is closely related to Glaeso-
conis species from Cretaceous amber, is assigned to the
tribe Fontenelleini (Aleuropteryginae) (cf. Plate 53 a,
Fig. 67). Archiconiocompsa (Aleuropteryginae) and the
extant genus Coniocompsa are assigned to the tribe

Coniocompsini, whose species are distributed in the
tropics and subtropics. Although it is inadequate ac-
cording to modern taxonomic criteria, the description
of Coniortes timidus can be linked to the genus Conio-
pteryx and thus to the subfamily Coniopteryginae (En-
DERLEIN 1930, MEINANDER 1972). Other Coniopteryg-
inae from Baltic amber include Heminiphetia fritschi,
which is closely related to the extant genus Neosemida-
lis from the Australian region (MEINANDER 1972), and
Hemisemidalis sharovi, whose genus is today repre-
sented by four species in the Mediterranean, the Near
East, Mongolia and South Africa (Aspock et al. 1980).

In order to present a comprehensive view of the
dustywings, two additional species described from co-
pal are also included here: Corniopteryx enderleini
MEUNIER, 1910 in Togo copal and Semidalis copalina
MEUNEER, 1910 in Madagascar copal. Semidalis is a
species-diverse genus with worldwide distribution (ex-
cluding Australia).

Fig. 67: Dustywing Glaesoconis cretica MEINANDER, 1975
(Coniopterygidae) from Taimyr amber.

Plate 53: Lacewings (Insecta: Planipennia) in Baltic amber I (Coniopterygidae).

a Archiconis electrica ENDERLEIN, 1930, x 12.
¢ Archiconis electrica ENDERLEIN, 1930, x 12.
e Archiconis electrica ENDERLEIN, 1930, x 12.
g dustywing (Coniopterygidae), larva, x 20.

=T

Archiconiocompsa prisca ENDERLEIN, 1910, x 13.
Archiconiocompsa prisca ENDERLEN, 1910, x 13.
Archiconiocompsa sp., x 12.

Heminiphetia fritschi ENDERLEIN, 1930, x 13.
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2.54 Aquatic lacewings — Insecta: Planipennia (Sisyridae, Neurorthidae)

The Osmylidae (Chap. 2.55), Sisyridae and Neurorthi-
dae represent families of Planipennia species whose
larvae live temporarily or permanently in water. The
larvae of the Osmylidae inhabit the banks of calm
streams, entering the water only occasionally to hunt
soft-bodied insects and other small, aquatic animals.
The larvae of the Sisyridae and Neurorthidae develop
entirely in water. The pupae of several extant Neurorth-
idae also remain in their aquatic habitat, protected from
the water by a plastron enclosed in a loosely woven
cocoon. The imagoes lead a reclusive lifestyle on litto-
ral vegetation. HaGgen (1856) described two species of
Sisyridae from Baltic amber. But NEL & JARZEMBROWSKI
(1997) show that it is not a sisyrid but a neurorthid:

Rophalis amissa (HAGEN, 1856)
Rophalis relicta (HAGEN, 1856)

Some larvae displaying typical features of the Neur-
orthidae have also been found in Baltic amber. The
elongate larvae show distinct head-thorax-abdomen seg-
mentation. The white coloring of the slender and pos-
teriorly tapered abdomen contrasts strongly with the
brown head capsule. The thorax bears brown to light-

brown sclerites on a light background. The highly scle-
rotized prothorax is divided into two sections, the front
being narrower than the back. This “neck segment” is
connected to the head by a “rolling joint” (Zwick 1967,
WicHARD et al. 1995). While the “neck” appears to be
nearly enclosed by two sclerites, the notum to the rear
of the prothorax is entirely sclerotized. The mesothorax
and metathorax also display distinct sclerite pairs that
are oval in shape and light-brown in color, as is charac-
teristic for the genus Neurorthus. The larvae have thread-
like antennae, moderately long labial palpi and pierc-
ing-sucking mouthparts. The mandibles and maxillae
form a functional unit of elongate suctorial tubes. The
pointed ends angle inwards in the manner of pincers.
The occurrence of Neurorthus larvae in amber is a
curiosity, considering that the pupae develop in water
and the larvae are not forced to leave it unless it dries up.
Maricky (1984) and WicnARD et al. (1995) pointed out
that Neurorthus fallax can remain in its aquatic habitat
for pupation. However, Aspock et al. (1980) suspected
that the aquatic larvae of Neurorthus species leave the
water to pupate on land. This scenario would easily
explain the occurrence of Neurorthus larvae in amber.

Fig. 68: Extant larva of Newrorthus fallax (Planipennia: Neurorthidae) (after Zwick 1967).

Plate 54: Lacewings (Insecta: Planipennia) in Baltic amber II (Sisyridae, Neurorthidae).

a Sisyridae: spongilla fly, female with left forewing in front of the genitalia, x 28.

b  Sisyridae: spongilla fly, x9. c
d Neurorthidae, larva, x 10. e

Sisyridae: spongilla fly, x 20.
Neurorthidae, larva, anterior, x 22.
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2.55 Lacewings — Insecta: Planipennia (Berothidae, Osmylidae, Psychopsidae)

Although lacewings (Planipennia) are not frequent in-
sects in Baltic amber, they are represented by a wide
range of species. The reported families and described
species include:

Ascalaphidae
Neadelphus protae MacLEoD, 1970
(Plate 56h, Fig. 69)

Berothidae
Proberotha prisca KRUGER, 1923
(Plate 55a,b)

Chrysopidae
(Plate 56d)

Coniopterygidae
Archiconiocompsa prisca ENDERLEIN, 1910
Archiconis electrica ENDERLEIN, 1930
Coniopteryx timidus (HaGeN, 1856)
Heminiphetia fritschi ENDERLEIN, 1930
Hemisemidalis sharovi MEINANDER, 1975
(Plate 53 a-h)

Dilaridae
Cascadilar eocenicus ENGEL, 1999

(Plate 56a,b)

Hemerobiidae

Prophlebonema resinata (KRUGER, 1922)
Prospadobins moestzs (HAGEN, 1856)

(Plate 56¢,e,f)
Mantispidae
Fera venatrix WHALLEY, 1980
(British amber)
Neurorthidae
(Plate 54d,¢e)
Nymphidae
Pronymphes mengeanus (HAGEN, 1856)
Osmylidae
Protosmylus pictus (HAGEN, 1856)
(Plate 55d,f,h)

Psychopsidae
Propsychopsis hageni MacLeop, 1970
Propsychopsis helmi KrUGER, 1923
Propsychopsis lapicidae MacLeop, 1970
(Plate 55c,e,g)

Sisyridae
(Plate 54 a-c)

Roughly 60 extant species of the Berothidae (Neuro-
ptera) are distributed in the warm temperate zones of all
continents, but primarily in the subtropics and tropics
(Aspock et al. 1980). Both extant and amber species
have a delicate wing structure consisting of parallel,
longitudinal veins that branch evenly towards the mar-
gin. The offset cross-veins and branches have a light-
brown coloring at the base. The typical pubescence on
the wings is located along the longitudinal veins (Plate
55a,b).

Osmylidae larvae are predaceous, occasionally en-
tering small bodies of water to hunt larvae and worms.
They head the systematic list of Planipennia families
arranged according to the increasingly aquatic lifestyle
of their larvae: Osmylidae, Sisyridae, Neurorthidae (cf.
Chap. 2.54). The Osmylidae are divided into vatious
subfamilies, including roughly six species of Protosmyli-
nae distributed in Japan and the Oriental region. Prot-
osmylus pictus (HaGen, 1856), the only Osmylidae spe-
cies reported to date from Baltic amber, purportedly
belongs to this subfamily. Together with many other
amber inclusions, this species illustrates the fact that
the extant fauna of Southeast Asia is comparable to that
of Eocene amber.,

Of the Psychopsidae found in Baltic amber (Plate
55c,e,g), 21 extant species also occur in the Oriental
and Fthiopian regions, as well as in Australia (NEw
1989). Psychopsidae can be distinguished from all oth-
er Planipennia by their large wings. The rounded front
and hind wings are extremely broad and densely cov-
ered with parallel veins.

Plate 55: Lacewings (Insecta: Planipennia) in Baltic amber III (Berothidae, Osmylidae, Psychopsidae).

a Berothidae, beaded lacewing, x 5.

¢ Psychopsidae (Propsychopsis sp.), x9.
e Psychopsidae, larva, x 18.

g Psychopsidae, larva head, x25.

=T

Berothidae, branched veins at the wing margin, x 10.
Osmylidae (Protosmylus sp.), head region, x 20.
Osmylidae (Protosmylus sp.), wing region, x 15.
Osmylidae (Protosmylus sp.), genital region, x25.
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2.56 Lacewings — Insecta: Planipennia (Dilaridae, Chrysopidae, Ascalaphidae,

Hemerobiidae)

Two new Planipennia families can be added to those
reported by Larsson (1978) and SpaHr (1992) from
Baltic amber: Dilaridae and Chrysopidae.

Over 65 extant species of the family Dilaridae are
included in the subfamilies Dilarinae, which has a Pal-
earctic distribution, and Nallachiinae, which occurs in
the Nearctic and Neotropical regions (Aspock et al.
1980, New 1989, OswaLp 1998). A female from the
subfamily Dilarinae was the first to be found in Eocene
Baltic amber (Plate 56a,b) and a male was described
shortly thereafter as Cascadilar eocenicus ENGEL, 1999.
In contrast to the pectinate antennae of the males, the
females have simple, filiform antennae. Another dis-
tinct feature of the females is the long ovipositor, which
is roughly as long as the body in this amber specimen.
The long ovipositor was probably used to lay eggs in
the deep cracks and crevices of tree bark, possibly on
the amber tree in this case.

The Chrysopidae are distributed worldwide and,
with nearly 2,000 species, make up the largest extant
family of Planipennia. Despite this fact, they have only
recently been found in Baltic amber (Plate 56 d). Their
dependence on specific prey (aphids, scale insects, in-
sect larvae) can lead to a preference for specific plants,
thus providing an explanation for the rareness of these
unskilled flyers in Baltic amber.

Owlflies (Ascalaphidae), have only been found to
date as larvae. BErenDT (1830), BURMEISTER (1832) and
Hope (1834) believed one specimen, which has long
since disappeared, to be an antlion larva. HANDLIRSCH
(1907, 1925) and Bacuoren-Ecur (1949) supported this
opinion. KiLEBs (1910) mentions another lost larva de-
scribed by ANDER (1942) and ANDREE (1951) to be a
member of the Myrmeleontidae or Ascalaphidae. WemD-
NER (1958) definitively confirmed the occurrence of
Ascalaphidae in Baltic amber on the basis of a larva
from the Scueerk collection (Hamburg). MacLEoD
(1970) described the Ascalaphidae species Neadelphus

protae MacLeop, 1970 from yet another larva. New
larvae have been found since then.

According to Aspock et al. (1980), Ascalaphidae
larvae live in the leaf litter, under stones and on tree
stumps. Unlike antlions (Myrmeleontidae), they do not
build funnels in loose, sandy soil to capture prey, but
rather roam freely. For this reason alone, the probability
of getting captured in resin is much greater for owlfly
larvae than for antlion larvae, which lie concealed un-
der their funnels in the sandy soil.

Fig. 69: Ascalaphidae larva (owlfly).

Plate 56: Lacewings (Insecta: Planipennia) in Baltic amber IV (Dilaridae, Hemerobiidae, Chrysopidae).

a Dilaridae, pleasing lacewing, female (Cascadilar), x 12. b

¢ Hemerobiidae, brown lacewing, x 8.
e Hemerobiidae, brown lacewing, x 12.
g Planipennia, pupa, x 10.

Dilaridae, long ovipositor (Cascadilar), x 24.

d Chrysopidae, green lacewing, x 11.

f Hemerobiidae, brown lacewing, x 11.

h Ascalaphidae, Neadelphus protae, larval head, x17.
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2.57 Beetles — Insecta: Coleoptera (Cupedidae)

Beetles inhabit all continents of the world except Ant-
arctica, displaying the greatest diversity in the tropics.
The size of the adults varies from 0.3 mm (Ptiliidae) all
the way to 15cm (Scarabaeidae). The earliest fossil
beetles originate from the Lower Permian (approx. 265
million years ago) (Ponomarenko 1995). The order
Coleoptera began to diverge into numerous families in
the Late Paleozoic and was already very diverse by the
Early Cenozoic, as illustrated by more than 72 families
and subfamilies recorded to date from Baltic amber.

The order Coleoptera comprises four suborders,
whose phylogenetic relationships have yet to be clari-
fied definitively: Adephaga, Myxophaga, Polyphaga
and Archostemata. One question that remains unre-
solved is the identity of the most primitive phylogenetic
group of the Coleoptera. Either the Archostemata or
the Polyphaga are the sister group of all other Coleo-
ptera (KrLausntTzer 1975, KukarLovA-Peck & LLAWRENCE
1993).

The Archostemata, which usually live on wood as
larvae and adults, include primitive forms that display
a close relationship to Late Paleozoic beetles. Several
fossil beetles are classified with the Cupedidae (Ar-
chostemata) on the basis of their primitive elytron struc-
ture. Fossil wood fragments believed to show feeding
marks of the Cupedidae have been found from the
Triassic. The earliest confirmed records of this family
originate from the Jurassic. Cupedidae of the genera
Cupes and Priacma also occur in Eocene Baltic amber
(Plate 57). They belong to taxa that currently have a
very limited and discontinuous distribution. According
to ANDER (1942), roughly 20 species of Cupedidae
occur in East Asia, Australia, South Africa, the Tangan-
yikan region, Madagascar, North America, Brazil and
Chile. While they today represent relict groups, they
previously inhabited vast, continuous areas in the Ter-
tiary, when the tropical and subtropical climate zone
extended far to the north and south.
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Fig. 70: Distribution of the Cupedidae (genera Priacma and Cupes) today and in Baltic amber (after: ANDER 1942).

Plate 57: Beetles (Insecta: Coleoptera) in Baltic amber I (Cupedidae), x 13.
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2.58 Beetles — Insecta: Coleoptera (Carabidae)

In addition to water beetles, the Adephaga also include
ground beetles of the family Carabidae, which is further
divided into the subfamilies Carabinae (ground bee-
tles), Cicindelinae (tiger beetles) and Paussinae (paus-
sids). All three taxa are frequently treated as separate
families. The Carabidae have a worldwide distribution.
They lead a predaceous lifestyle, primarily inhabiting
the ground surface of a wide variety of biotopes.

The Carabinae in amber are dominated by forest-
dwelling species. According to a survey of the amber
beetles in the collection of the Berlin Museum of Nat-
ural History (HiExe & PIETRZENTUK 1984), the Carabinae
are represented in descending order by the Lebiini (18),
Agonini (15), Harpalini (3), Pterostichini (2), Clivinini
(2), Stenolophinini (1), Trechini (1) and Zuphiini (1).
Of the Lebiini, the relatives of Dromius prefer to hunt
under bark and on dead wood. Extant Agonini colonize
the soil layers of mixed and deciduous forests. Charac-
teristic ground beetles from arid biotopes do not appear
to occur at all in Baltic amber.

One, well-known and frequently cited (LARssoON
1978) species of the tiger beetles (Cicindelinae) is
Tetracha carolina L, which has been reported to occur
in amber and, according to Horx (1906), is identical to
an extant species. This 17 mm-long tiger beetle is cur-
rently indigenous to the southern USA, the West Indies
and Central America. It prefers open terrain and, like its
larvae concealed in the sandy soil, is predaceous on
other soil insects. Consequently, it is surprising that this
tiger beetle occurs in Baltic amber. KLAUSNITZER (1982)
correctly remarked that individual inclusions cannot
necessarily be classified as extant species merely on the
basis of external similarities. This statement addresses
a general problem in the study of amber inclusions.
Furthermore, in the case of 1. carolina, recent studies
have demonstrated specific differences between this
species and the fossil, indicating that they are indeed
likely not conspecific (RoscaMaNN, 1999).

The paussids (Paussinae) are nocturnal predators of
the tropics and subtopics. Most Paussinae are charac-
terized by complex, noticeably enlarged antennae. These
beetles inhabit ant nests. Glands on the antennae and
the body produce a secretion the ants feed on. Paussids
suck on the larvae and pupae of their hosts (NAGEL
1980, 1987). WasMANN (1926 a,b, 1927, 1929) was the
first to study the paussids in Baltic amber. According to
a revision of the taxa (NaceL 1987), 20 confirmed
species are divided among the following genera:

Succinarthropterus
Succinarthropterus helmi (SCHAUFUSS, 1896)
Succinarthropterus kiihnlii (STem, 1877)
Succinarthropterus kolbei (WAsMANN, 1926)
Pleurarthropterus (Pleurarthropterus)
Pleurarthropterus hermenaui (WasMANN, 1926)
Pleurarthropterus (Balticarthropterus)
Pleurarthropterus andreei (WASMANN, 1928)
Pleurarthropterus skwarrae (WASMANN, 1929)
Pleurarthropterus balticus (WasMaNN, 1926)
Pleurarthropterus subtilis (WASMANN, 1926)
Pleurarthropterus hagedorni (WasMANN, 1926)
Pleurarthropterus antiquus (WASMANN, 1925)
Pleurarthropterus aterrimus (WASMANN, 1929)
Pleurarthropterus simoni (WASMANN, 1926)
Pleurarthropterus schaufussi (WASMANN, 1926)
Pleurarthropterus fritschi (WasManN, 1929)
Pleurarthropterus (Acmarthropterus)
Pleurarthropterus kuntzeni (WasMann, 1927)
Cerapterites
Cerapterites primaevus WASMANN, 1925
Protocerapterus
Protocerapterus primigenius WASMANN, 1926
Protocerapterus incola WasMann, 1927
Arthropterites
Arthropterites klebsi WasSMANN, 1925
Eopaussus
Eopaussus balticus WASMANN, 1926

Plate 58: Beetles (Insecta: Coleoptera) in Baltic amber IT (Carabidae).

a-f Carabinae (ground beetles), a,b,c,d x 10, e,f x 11.
g-h Paussinae (paussid beetles), g x 10, h x 18.
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2.59 Beetles — Insecta: Coleoptera (Dytiscidae, Gyrinidae)

Of the adephagous water beetles, the predaceous diving
beetles (Dytiscidae), whirligig beetles (Gyrinidae) and
their larvae have been recorded from Baltic amber.
While the Scirtidae are very frequent (Chap. 2.62), true
water beetles of the families Gyrinidae and Dytiscidae
are extremely rare.

One whirligig beetle from the Kunow collection at
the Berlin Museum of Natural History has been reliably
identified to date. The specimen is in very good condi-
tion, although it is covered by a reddish patina caused
by the aging of the amber (Plate 59g). This beetle
probably belongs to the genus Gyrinus. Only one Gyrini-
dae species has been described: Gyrinoides limbatus
MoTscHULSKY, 1856. In the list of beetles in his amber
collection, KieBs (1910) mentions another gyrinid ge-
nus, Orectochilus, without any further commentary. If
this genus is correct, it is indicative of the existence of
running waters in the Baltic amber forest. A recently
reported larva of a whirligig beetle (WICHARD & WEITS-
cHAT 1996) may have been captured by dripping resin as
it left the water to pupate on land (Plate 59h).

HrEke & PrErrzENTUK (1984) pointed out that the
predaceous diving beetle at the Berlin Museum of Nat-
ural History (Plate 59 a) is the only record of an imago
from the family Dytiscidae. Another predaceous diving
beetle has been found (WICHARD & WEITSCHAT 1996)
since then (Plate 59b). The Dytiscidae larvae preserved
in amber are of particular interest in this context. They
currently represent three subfamilies: Hydroporinae
(Plate 591), Colymbetinae (Plate 59 ¢, d) and Laccophil-
inae (Plate 59 e). It is highly probable that one specimen
belongs to the Laccophilinae, as evidenced by the tem-
poral spines and the structure of the antennae and max-
illary palpi. WEDNER (1958) provided the first record of
Colymbetinae larvae by describing a Rhantus (?) sp.

larva belonging to the tribe Colymbetini. The subfamily
Hydroporinae is represented by a larva already men-
tioned by BERENDT (1845), which was initially mistaken
to be a Thysanura until HanpLIRSCH (1907) placed it
among the Dytiscidae larvae related to Hyphydrus.
Hyphydrus is a primarily tropical genus with only two
species occurring in Europe. The head of the larvae
extends in spoon-like fashion towards the front and, in
the larvae preserved in Baltic amber, displays unusual,
antler-like structures (Fig. 71).

Fig. 71: Larva of Hyphydrus sp. (Dytiscidae).

Plate 59: Beetles (Insecta: Coleoptera) in Baltic amber III (Dytiscidae, Gyrinidae).

a Dytiscidae (predaceous diving beetles), x 11.

¢ Dytiscidae, Colymbetinae larva (?Rhantus sp.), x7.
e Dytiscidae, Laccophilinae larva, x 11.

g Gyrinidae (whirligig beetles), x 10.

b Dytiscidae (predaceous diving beetles), x 10.
d Dytiscidae, Colymbetinae larva, x 9.

f Dytiscidae, Hydroporinae larva, x 28.

h Gyrinidae, larva, x 8.
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2.60 Beetles — Insecta: Coleoptera (Staphylinidae, Pselaphidae, Scydmaenidae)

The family Staphylinidae (rove beetles) is distributed
worldwide. It comprises nearly 50,000 extant species,
making it just as successful as the Curculionidae (Chap.
2.65) in terms of species diversity. Their habitats are
accordingly varied, although most species are epedaph-
ic predators. The Staphylinidae can be found in and
near the soil surface, in decaying plant material, under
bark and on fungi. The majority prefer moist biotopes.

Hiexe & PieTrRZENIUK (1984) provided a helpful over-
view of the complex rove beetle family in Baltic amber.
According to this overview, the collection of amber
beetles at the Berlin Museum of Natural History is
dominated by the subfamilies Tachyporinae (30), Pae-
derinae (>20), Aleocharinae (30) and Staphylininae
(>20), while the diverse subfamily Oxytelinae (1-2) is
underrepresented. The Omalinae (5-6) and Proteininae
(1-2) are also represented, albeit by only a few speci-
mens. The purely euedaphic Leptotyphlinae do not
occur at all.

The K1EBs collection includes a number of Staphylin-
idae, which are primarily from the genera Tuchyporus,

Anthobium, Lathrobium, Atheta, Bryocharis, Medon,
Philonthus and Scopaeus (KLEBs 1910), and basically
correspond to the range of the Berlin collection.

Species of Scydmaenidae and Pselaphidae are most-
ly surface-dwelling beetles. The Scydmaenidae are pre-
daceous on mites, living under leaves and bark, in
decaying tree material and moss.

The family of minute Pselaphidae (1 to 2.5 mm)
comprises numerous, mostly tropical species. The short-
winged mold beetles of the subfamily Pselaphinae are
also predaceous on mites in moss, leaves and decaying
plant material in the leaf litter. The ant-loving beetles
of the subfamily Clavigerinae live exclusively in ant
nests. The imagoes stroke the ants with their antennae
in order to be fed. In return, the imagoes release secre-
tions from under a tuft of hair, which the ants ravenous-
ly consume.

Numerous species of both families are represented
in Baltic amber. The first descriptions of fossil species
were provided by Scuauruss (1890 a,b), followed later
on by Franz (1976).

Fig. 72: Rove beetle (Coleoptera: Staphylinidae).

Plate 60: Beetles (Insecta: Coleoptera) in Baltic amber IV.

a-d Staphylinidae (rove beetles), a x18, b x11, ¢ x12, d x 10.
e-f Pselaphidae (short-winged mold beetles), e x 12, f x 15.

g-h Scydmaenidae (antlike stone beetles), g x 10, h x21.
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2.61 Overview of amber beetles — Insecta: Coleoptera

The systematic and taxonomic classification of the bee-
tles in Baltic amber is still only in the initial stages for
most groups, even though (or precisely because) bee-
tles are among the most frequent amber inclusions.
Hieke & PiETRZENIUK (1984) compiled a very informa-
tive overview of the amber beetle families, taking into
consideration their biology and paleoecology. The pre-
liminary list of families presented here incorporates the
work of Krmeach (1982), Spanr (1981a,b), Hieke &
PrETRZENIUK (1984) and WUNDERLICH (1996). The beetle
families belonging to three suborders are listed accord-
ing to the classification by LAWRENCE & Britton (1991).
Some of the taxa previously classified as separate fam-
ilies are treated as subfamilies:
ARCHOSTEMATA
Cupedidae — Reticulated beetles
ADEPHAGA
Carabidae — Ground beetles
Dytiscidae — Predaceous diving beetles
Gyrinidae — Whirligig beetles
PoLyPHAYA
Staphyliniformia
Hydrophilidae — Water scavenger beetles
Histeridae — Hister beetles
Ptiliidae — Feather-winged beetles
Leiodidae — Round fungus beetles
Scydmaenidae — Antlike stone beetles
Silphidae — Carrion beetles
Staphylinidae — Rove beetles
Pselaphidae — Short-winged mold beetles
Eucinetiformia
Scirtidae — Marsh beetles
Eucinetidae — Plate-thigh beetles
Clambidae — Fringe-winged beetles
Scarabaeiformia
Lucanidae — Stag beetles
Scarabaecidae — Scarab beetles
Elateriformia
Dascillidae — Soft-bodied plant beetles
Buprestidae — Metallic wood-boring beetles
Byrrhidae ~ Pill beetles
Dryopidae — Long-toed water beetles
Elmidae — Riffle beetles
Limnichidae — Minute marsh-loving beetles
Heteroceridae — Variegated mud-loving beetles
Ptilodactylidae
Artematopidae

Cerophytidae

Eucnemidae — False click beetles
Throscidae

Elateridae — Click beetles

Lycidae — Net-winged beetles
Lampyridae — Fireflies or lightning bugs
Cantharidae — Soldier beetles

Bostrichiformia

Dermestidae — Dermestid beetles
Bostrichidae — Branch and twig borers
Anobiidae — Deathwatch beetles

Cucujiformia

Lymexylidae — Ship-timber beetles
Trogossitidae — Bark-gnawing beetles
Cleridae — Checkered beetles
Melyridae — Soft-winged flower beetles
Sphindidae — Dry-fungus beetles
Nitidulidae — Sap beetles
Rhizophagidae — Root-eating beetles
Cucujidae — Flat bark beetles
Phalacridae — Shining flower beetles
Cryptophagidae — Silken fungus beetles
Erotylidae — Pleasing fungus beetles
Byturidae — Fruitworm beetles
Endomychidae — Handsome fungus beetles
Coccinellidae — Ladybird beetles
Corylophidae — Minute fungus beetles
Lathridiidae — Brown scavenger beetles
Mycetophagidae —~ Hairy fungus beetles
Ciidae — Minute tree fungus beetles
Melandryidae — False darkling beetles
Mordellidae — Tumbling flower beetles
Rhipiphoridae — Wedge-shaped beetles
Colydiidae — Cylindrical bark beetles
Tenebrionidae — Darkling beetles
Oedemeridae — False blister beetles
Meloidae — Blister beetles

Pythidae

Pyrochroidae — Fire-colored beetles
Anthicidae — Antlike flower beetles
Aderidae — Antlike leaf beetles
Scraptiidae

Cerambycidae — Long-horned beetles
Chrysomelidae — Leaf beetles
Anthribidae — Fungus weevils
Urodontidae

Curculionidae — Snout beetles and weevils

Plate 61: Beetles (Insecta: Coleoptera) in Baltic amber V (Staphylinidae, Scarabaeidae), x 22.
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2.62 Beetles — Insecta: Coleoptera (Scirtidae)

The Scirtidae (Helodidae, Elodidae), or marsh beetles,
are the most frequent beetle family in Baltic amber.
Hieke & PieTRZENIUK (1984) compared beetles in three
large amber collections and found that the Scirtidae
make up ten to twenty percent of all beetle inclusions.
Their frequency provides information on the character-
istics of the biotopes in the “Baitic amber forest”. For
example, the Scirtidae indicate a wealth of standing
waters, because their larvae are exclusively aquatic,
mostly inhabiting still waters. They prefer bogs, pud-
dles littered phytotelma. Small water holes between
tree roots are often sufficient for their survival. Small
bodies of water of this kind exist in swampy or boggy
terrain and, in the presence of (resin-producing) trees,
are reminiscent of the biotopes in a swamp forest.
Marsh beetle imagoes live on herbaceous plants in the
immediate vicinity of these waters. As many as fifteen
fossil species of the genera Cyphon, Elodes, Microcara
and Plagiocyphon have been described (KrausNTzer
1976, Y aBLOROV-KHNZORIAN 1961). The genus Cyphon
encompasses marsh beetles in half-bog, standing wa-
ters. Based on the habitats of extant species, fossil
species of the genus Elodes may have been rheophilous
stream-dwellers (KrausNiTZER 1976).

Only one species each of the Ptilodactylidae and
Dryopidae, the closest relatives of these marsh beetles,
has been recorded to date.

Scirtidae
Brachelodes motschulskyi Y ALoKovV-KHNzZ., 1961
Cyphon pallasi Y ABLOKOV-KHNZORIAN, 1961
Cyphon krynyckyi Y aBLOKOV-KHNZ., 1961
Cyphon shevyrevi Y ABLOKOV-KHNZ., 1961
Cyphonogenius zakhvatkini Y ABLOKoOV-KHNzZ., 1961
Helodes modesta KLAUSNITZER, 1976
Helodes transversa KLaUusNITZER, 1976
Helodes egregia KLAUSNITZER, 1976
Helodes setosa KLAUSNITZER, 1976

Helodes minax KiLausNITzER, 1976
Helodopsis solskyi Y aBLoKOV-KHNZOR., 1961
Microcara dokhturovi Y ABLOKOV-KHNZ., 1960
Microcara kuznezovi Y aBLOKOV-KHNZ., 1960
Microcara znoijkoi YABLOKOV-KHNZ., 1960
Microcara zubkovi Y ABLOKOV-KHNzZ., 1960
Plagiocyphon plavilschikovi Y ABLOKOV-KHNZORIAN,
1960
Ptilodactylidae
Ptilodactyloides stipulicornis MoTscHULSKY, 1856
Dryopidae
Palaeoriohelmis samlandica BoLLow, 1940

Fig. 73: Cyphon sp. (Coleoptera: Scirtidae).

Plate 62: Beetles (Insecta: Coleoptera) in Baltic amber VI.

a Scirtidae (marsh beetles), larva, x 18.
¢ Scirtidae (marsh beetles), x 12.

e Elateridae (click beetles), x 9.

g Cleridae (checkered beetle), x9.

Scirtidae (marsh beetles), x 10.
Scirtidae (marsh beetles), x 11.
Cantharidae (soldier beetles), x 9.
Cleridae (checkered beetle), larva, x12.
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2.63 Preference of the beetles in the “amber forest”” — Insecta: Coleoptera

The beetle fauna in Baltic amber is extremely diverse,
as illustrated by the great number of families. The
frequency of occurrence of these families varies in
terms of both the number of species and the abundance
of individuals. A breakdown of the families according
to their frequency in amber also indicates the prefer-
ence of the beetles for the biotope of the “Baltic amber
forest”.

The Scirtidae (marsh beetles) head the list. Their
high frequency in amber provides key information on
the nature of the amber forest (Chap. 2.62). They are
followed in order of decreasing preference by the Ela-
teridae which, like the similarly numerous Mordellidae
and Scraptiidae, are typical inhabitants of moist, shady
fields in the immediate vicinity of a forest. Their larvae
develop in decaying trees, live under loose bark and
feed on moldy wood. Our interpretation is based on the
work of HiekE & PETRZENIUK (1984), who compared
three, large amber collections (Berlin Museum of Nat-
ural History, Copenhagen Museum of Natural History,
Klebs collection) and listed the beetle fauna according
to the frequency of the families.

The Scirtidae and Elateridae are followed by the
Anobiidae on the frequency scale. They point to a third
component of the “Baltic amber forest”. Together with
the frequent Aderidae, Eucnemidae, Scolytidae, Me-
landryidae, Anthribidae, Anthicidae, Cerambycidae and
Mycetophagidae, the Anobiidae are indicative of mi-
crohabitats characterized by decaying trees, rotting
trunks, moldy wood and numerous sporophores of the
Polyporaceae. The beetles bring to mind scenarios of a
jungle.

Fourth place is occupied by the Staphylinidae, which
inhabit moist leaf litter and decaying plant matter. They

are joined there by other frequent families in amber,
such as the Scydmaenidae, Pselaphidae, Lathridiidae
and Cryptophagidae.

According to HiEkE & PieTRZENIUK (1984), the 20
most frequent families listed below indicate that the
amber forest was a jungle with sparse tree stands, heavy
undergrowth, rotting and moldy wood, patches of her-
baceous vegetation and numerous standing waters in
swampy terrain (particularly as implied by the number
of Scirtidae (Chap. 2.62)):

1. Scirtidae 999
2. Elateridae 893
3. Anobiidae 532
4. Staphylinidae 350
5. Mordellidae 253
6. Aderidae 202
7.  Scydmaenidae 200
8. Scraptiidae 196
9. Curculionidae 155
10. Pselaphidae 150
11. Curculionidae (only Scolytinae) 148
12. Eucnemidae 140
13. Mycetophagidae 136
14. Melandryidae (= Serropalpidae) 129
15. Carabidae 126
16. Anthicidae 114
17. Lathridiidae 112
18. Cantharidae 110
19. Cerambycidae 100
20. Cryptophagidae 89

Preference of the beetle families with the number of
inclusions recorded from three collections (after Hiexke
& PIETRZENIUK 1984).

Plate 63: Beetles (Insecta: Coleoptera) in Baltic amber VIIL.

a Mpycetophagidae (hairy fungus beetles), x 11.
¢ Colydiidae (cylindrical bark beetles), x 15.

e Scraptiidae, larva, x 10. '

g Rhipiphoridae (wedge-shaped beetles), x 10.

Mycetophagidae (hairy fungus beetles), x 10.
Lathridiidae (brown scavenger beetles), x 18.
Scraptiidae, x 14.

Aderidae, antlike leaf beetle, x 12.
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2.64 Beetles as forest-dwellers — Insecta: Coleoptera

The beetles can help narrow down the kind of (resin-
producing) trees that existed in the “Baltic amber forest™.
Forest-dwelling beetles have adapted to the forest envi-
ronment in a variety of ways. They colonize all biotopes
and inhabit all strata, from the soil, to the herbaceous,
shrub and tree layers. Their life cycles are closely
dependent on their host plants, in order to allow undis-
turbed development in the microhabitats of the forest
and its flora — from oviposition, to the feeding and growth
of the larvae, the metamorphosis of the pupae and the
emergence of the adult beetles. The interaction between
beetles and their host plants is often so close, that
knowledge of the beetles can, in turn, allow conclusions
to be made about the forest environment and tree flora.
This retrospective view is extensive enough to support
a cautious assessment of the Eocene amber forest.
For example, it is interesting to note that, of the 100
Cerambycidae (long-horned beetles) surveyed (HiEgE
& PrEmRZENIUK 1984), 38 inclusions can reliably be
classified in the Mediterranean genus Notorrhina. The
Asemini, with the genus Notorrhina, and the numerous
Lepturini are a good indication of conifers, their exclu-

sive habitat. If conifers dominated the “amber forest”,
then the relatively high number of these long-horned
beetles is not surprising. The Anobiidae (deathwatch
beetles) are frequent (260 inclusions), with the sub-
family Anobiinae primarily inhabiting dead wood from
conifers. A fairly small percentage of the Anobiidae
inclusions belongs to the subfamily Dorcatominae,
which inhabited fungus on trees. The numerous bark
beetles (Curculionidae: Scolytinae) colonize conifer-
ous more often than deciduous trees, living with their
larvae in the bark.

The majority of beetle families in Baltic amber were
forest-dwellers that lived on dead wood, fungi, the soil,
or as generalists on deciduous and coniferous trees.
According to HiExkr & PETRZENIUK (1984), some fami-
lies are only represented by a few individuals, because
they were apparently restricted to deciduous trees. These
include the Cerophytidae (2 specimens), Lucanidae (1)
and the mostly tropical Bostrichidae (2). The Scara-
baeidae, which are represented by six specimens in the
list compiled by Hieke & PETRZENTUK (1984), also pre-
fer deciduous trees.

Fig. 74: Weevil (Coleoptera: Curculionidae).

Plate 64: Beetles (Insecta: Coleoptera) in Baltic amber VIIL

a  Anobiidae (deathwatch beetles), x 12.

¢ Anthribidae, Glaesotropis weitschati, holotype, x 10.
e Curculionidae, Scolytinae, x 16.

g Cleridae (checkered beetles), x 10.

b  Anobiidae (deathwatch beetles), x 10.

d Anthribidae, Glaesotropis minor, holotype, x 12.
f Curculionidae, Scolytinae, x 16.

h Chrysomelidae (leaf beetles), x 10.
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2.65 Beetles — Insecta: Coleoptera (Curculionidae)

According to the classification by LAWRENCE & BRriTTON
(1991), the weevil family (Curculionidae) includes the
subfamilies of pin-hole borers (Platypodinae) and bark
beetles (Scolytinae). Even without these two subfamilies,
the Curculionidae still make up the largest beetle family
with more than 50,000 extant species (and thereby the
most diverse group of all animal life!). They are exclu-
sively phytophagous insects and utilize the entire range
of food offered by higher plants, including seeds, fruits,
flowers, buds, leaves, branches, bark, bast and roots.
Consequently, it is no surprise that weevils are relative-
ly frequent in Baltic amber.

Current knowledge of the weevils in amber has been
compiled from the older work of BurmEISTER (1832),
KErERSTEIN (1834), BERENDT (1845) and HELM (1896 a, b,
1899), and from the 20™-century work of Kress (1910),
WAGNER (1924) and Voss (1953, 1972). The dominant
subfamilies of the Curculionidae in Baltic amber are the
Brachyderinae, Otiorrhynchinae, Trachodinae, Cosson-
inae and Cryptorhynchinae. Most species of these sub-
families inhabit deciduous trees. The subfamilies Api-
oninae, Anthonominae and Nanophyinae recorded from
amber comprise bud and flower-piercing weevils.

Roughly 800 species of pin-hole borers (Platypod-
inae) are known worldwide today, the majority of which
live in relatively warm regions. Although they are oc-
casionally listed among the beetles of Baltic amber,
reliable evidence of their occurrence has yet to be
provided. The Platypodinae occur in copals from vari-
ous warm regions and frequently in Dominican amber.

Bark beetles (Scolytinae) are typical inclusions in
Baltic amber. According to HIEKE & PIETRZENIUK (1984),
they are one of the 20 most frequent taxa (cf. 2.63).
Virtually without exception, the amber beetles are clas-
sified among the Hylesinini, and not the Scolytini or
Ipini, which today inhabit coniferous forests in the
temperate zone. The authors suspect that the Eocene
amber forest was dominated by other conifers preferred
by the Hylesinini. Bark beetles are often strictly
monophagous insects, rarely colonizing closely related
tree species. Only a few extant bark beetles are poly-
phagous on both coniferous and deciduous trees (BRauns
1964). In view of the fact that bark beetles are frequent
in Baltic amber, a detailed comparison of the taxa with
extant relatives may provide valuable information on
the composition of tree species in the amber forest.

Fig. 75 a-h: Weevil (Curculionidac).

Plate 65: Beetles (Insecta: Coleoptera) in Baltic amber IX (Curculionidae).
ax9 bx10, cx1l,d x10, e x10, f x12, g x13, h x12.
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2.66 Twisted-winged parasites ~ Insecta: Strepsiptera

The twisted-winged parasites (Strepsiptera) make up an
order of holometabolous insects comprising roughly
550 extant species in nine families. Their systematic
classification has not been clarified conclusively. They
have a sister group relationship with either the Coleop-
tera or probably the Diptera (KinzersacH 1990, Kuka-
Lova-PECK & LAWRENCE 1993, AFzELIUS & DaLiar 1994,
WHITING & WHEELER 1994, WHITING et al. 1997). The
biology of the Strepsiptera is characterized by the en-
doparasitic lifestyle of most developmental stages, which
also explains their extreme sexual dimorphism and the
polymetabolism of the larvae. The hosts are always
insects, including the Zygentoma (Lepismatidae), Blat-
todea, Mantodea, Orthoptera, Heteroptera, Auchenor-
rhyncha, Hymenoptera (Apoidea, Vespoidea) and Dip-
tera (KarmritHamBY 1989, KinzersacH 1990, KiNzeL-
BACH & PonL 1994).

The oldest specimen of a fossil strepsipteran was
found in Eocene brown coal in Halle, Germany (KmNzgr -
BacH & Lutz 1985). This fossil is a primary larva of
the Myrmecolacidae, Strichotrema eocaenicum (HAupT,
1950). As the Myrmecolacidae make up the phyloge-

netically youngest family of the Strepsiptera (KmNzgL-
BACH 1971), PonL & KinzeLBAcH (1995) concluded that
all nine families of the Strepsiptera or their stem-groups
already existed by the Eocene. At present, the three
strepsipteran species recorded from Baltic amber repre-
sent two families:

Mengeidae
Mengea tertiaria (MENGE, 1866)
Myrmecolacidae
Stichotrema triangulum PonL & KinzeLeach, 1995.
Stichotrema weitschati KINzELBACH & PoHL, 1994.

Only free-flying males have been found in amber to
date. There have been no reports of the free-living,
wingless, or permanently endoparasitic females. The
males probably flew into the sticky resin accidentally
upon locating a female. The family Myrmecolacidae,
which is most frequent in amber, is currently distributed
in the tropical, Australian and western Palearctic (one
species) regions. It displays the greatest density in the
Neotropics.

Fig. 76 a: Stichotrema triangulum (Myrmecolacidae),

b Stichotrema weitschati (Myrmecolacidae), holotype.

Plate 66: Twisted-winged parasites (Insecta: Strepsiptera) in Baltic amber.

a  Stichotrema weitschati (Myrmecolacidae), head, x 40.
¢ Stichotrema weitschati (Myrmecolacidae), dorsal, x 20.
e Stichotrema weitschati (Myrmecolacidae), lateral, x 20.
g Stichotrema sp., x20.

Mengea tertiaria (Mengeidae), head, x 60.
Mengea tertiaria (Mengeidae), dorsal, x 28.
Mengea tertiaria (Mengeidae), lateral, x 28.
Stichotrema sp., x20.
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2.67 Hymenopterans — Insecta: Hymenoptera

Hymenopterans belong to the group of holometabolous
insects (Endopterygota) that undergo complete meta-
morphosis (eggs, larvae, pupae, imagoes). The order
encompasses many forms with a body length of up to
five centimeters, as well as an enormous number of small
to very small insects reaching a maximum of two milli-
meters in length. The latter group includes the Baltic
amber fairyflies (Mymaridae, Plate 69 b). Many hymeno-
pteran species practice brood care and form social com-
munities with highly developed modes of behavior. The
order Hymenoptera comprises at least 160,000 species.
It is divided into two suborders: the Symphyta (sawflies
and horntails with caterpillar-like larvae), of which
only the Cephidae, Siricidae and Tenthredinidae have
been reliably recorded from Baltic amber, and the Ap-
ocrita, which constitute by far the more species-diverse
suborder both today and in Eocene amber.

Brues (1933b) made a major contribution to our
knowledge of Hymenoptera in Baltic amber with his
comprehensive work entitled “The Parasitic Hymeno-
ptera of the Baltic Amber”. Although further studies
have been published since then, the taxonomy and
systematics are based on the information originally
provided by Brugs (1933b).

The Megalyridae (Plate 67 a) are represented by two
species from the genus Prodinapsis and can easily be
mistaken for members of the Braconidae, as was the
case in BacHOFEN-EcHT (1949). Only a few dozen spe-
cies of Megalyridae exist today in Southeast Asia and
Australia. They parasitize beetle larvae living under
tree bark.

The Megaspilidae are characterized by an unusually
large pterostigma combined with reduced wing vena-

tion., They belong to the superfamily Ceraphronoidea
and are represented in Baltic amber by the two genera
Conostigmus and Lagynodes. The genus Lagynodes
displays definite sexual dimorphism, with wingless fe-
males and winged males.

The Evaniidae have a distinct appearance character-
ized by a slender abdominal stalk attached high above
the hind coxae (propodeum). With over 400 species
occurring in tropical regions, the Evaniidae are very
diverse today and thus frequently found in copal. BRUES
(1933 b) described three species, the largest being Eva-
nia producta (Plate 67c). The females of all extant
species oviposit in the egg cases of cockroaches. For
this reason, several species can also occasionally be
observed in supermarket cockroach populations.

The Braconidae and Ichneumonidae make up the
superfamily Ichneumonoidea, which is currently the
most diverse family of Hymenoptera with an estimated
diversity over 100,000 species. BRugs (1933 b) studied
the Braconidae in great detail, covering 126 species in
42 genera, including Microtypus and Electrohelcon
(Plate 67e,f). Although the Ichneumonidae are just as
frequent in Baltic amber, only a few species have been
described to date (e.g. Astiphromma brischkei BRUES,
1923) and the family has yet to be subjected to detailed
study.

The Diapriidae and Proctotrupidae belong to the
superfamily Proctotrupoidea. Only a few genera are
represented in Baltic amber. MANEVAL (1938) described
two Diapriidae of the genera Cinetus and Pantolyta,
while Brugs (1940) described six species of the genus
Cryptoserphus and one species of the genus Proctotrupes
Brugs, (1923).

Plate 67: Hymenopterans (Insecta: Hymenoptera) in Baltic amber L.

a Megalyridae (Prodinapsis succinalis), x 24,
¢ Evaniidae (Evania producta), x3.5.

e Braconidae (Microtypus triangulifer), x 12.
g Diapriidae, x 25.

Megaspilidae (Conostigmus sp.), x 25.
Ichneumonidae, x 8.5.

Braconidae (? Electrohelcon), x 10.
Proctotrupidae (Cryptoserphus sp.), x 16.
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2.68 Hymenopterans — Insecta: Hymenoptera (Chalcidoidea)

The Scelionidae (Plate 68a,b) are among the more
frequent Hymenoptera in Baltic amber. Several thou-
sand extant species have been described, most being
solitary endoparasites in insects and spider eggs. BRUES
(1940 ¢) mentions roughly 20 genera from Baltic am-
ber, including Sembilanocera and Ceratoteleia. Several
species are very small and frequently mistaken for
chalcid wasps (Chalcidoidea).

Gall wasps (Cynipoidea) are uncommon Hymeno-
ptera in amber. Present-day phytophagous gall insects
are particularly familiar representatives of this super-
family. Little known, however, is the fact that the ma-
jority of species are parasitic on other insects, such as
Diptera or Hymenoptera. PresL. described the first spe-
cies from Baltic amber as early as 1822. A second
species description was not provided until 170 years
later by KovaLev (1995), who also studied the phyloge-
netics of the Cynipoidea (KovaLev 1994).

Previously classified as chalcid wasps, the Mymar-
ommatoidea are now treated as a separate superfamily
due to their two-segmented petiole. The only genus is
Palaeomymar (Plate 68 d), which has also been record-
ed from Baltic amber (SteiN 1877, Rasnitzin & Ku-
LICKA 1990).

The Chalcidoidea of Baltic amber have been little
studied. In view of the fact that there are over 3,000
genera with 20,000 extant species, this reticence is
probably due to the extremely difficult taxonomy of the
group. On the other hand, the Chalcidoidea occur in
Baltic amber with a very tempting diversity of families
and species.

The Encyrtidae (Plate 69a) currently encompass
over 700 genera and over 3,800 known species, making
them one of the most structurally diverse families of
chalcid wasps. Because many genera of the Chalcidoi-
dea belong to phylogenetically younger, highly special-
ized families, the description of chalcid wasps from
Baltic amber is likely to require the establishment of
new genera and possibly also new families. A compar-

ison of extant and extinct Eocene forms indicates that
the Chalcidoidea apparently continued to evolve.

MBEUNIER (1905) described a few species of Mymari-
dae (Plate 69b). Descriptions then followed of a To-
rymidae (BrRuges 1923c¢), an Eupelmidae (TrRiaprrziN
1963) (Plate 68 f,h) and a Tetracampidae (TrRiaPITZIN &
Manukyan 1995). The chalcid wasps of the Chalcidi-
dae and Pteromalidae shown here (Plate 68 e, g) are the
first records of these families in Baltic amber.

O

Fig. 77: Chalcid wasp (Hymenoptera: Chalcididae) (origi-
nal J.-W. JANZEN).

Plate 68: Hymenopterans (Insecta: Hymenoptera) in Baltic amber IL

a Scelionidae (Sembilanocera clavata), x55.
¢ Figitidae (? Palaeofigites), x 18.

e Chalcididae (? Brachymeria), x 10.

g Pteromalidae, x28.

Scelionidae (Ceratoteleia proleptica), % 16.
Mymarommatidae (Palaeomymar), x 100.
Torymidae (Monodontomerus sp.), x22.
Eupelmidae, x 15.
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2.69 Hymenopterans — Insecta: Hymenoptera (Chrysidoidea)

Brues (1933 b) studied parasitic Hymenoptera of the
Baltic amber and selected genera of Chrysidoidea, such
as those in the families Dryinidae and Bethylidae. He
described six species of the genera Lestodryinus, Neo-
dryinus and Thaumatodryinus from the family Dryini-
dae. Hauvper (1944) revised Thaumatodryinus and estab-
lished the new genus Harpactospecion. The Dryinidae
are one of the most specialized families of Aculeata.
This differentiation is manifested by the development
of the forelegs into chelate pincers, which is unique
among the Hymenoptera (Plate 69c,d). Only the fe-
males have pincers, which they use to grasp their hosts
(cicadas) to lay eggs. The larvae develop on the cicadas,
with the anterior end of the body extending inside the
host. Egg membranes and shed exuviae form sacs that
remain attached to the host until it has been exhausted
as a source of food.

The family Bethylidae is represented in Baltic amber
by numerous genera and species. It comprises approx-
imately 2,000 extant species and is thus the most spe-
cies-diverse family among the Chrysidoidea. The Bethyl-
idae are primarily tropical. BRUEs (1933b) described 16
genera of the family Bethylidae from Baltic amber,
including Isobrachium, Palaecobethylus and Lythopse-
nella. OuL (1995) later added Lythopsenella kerneggeri
to the list of amber Bethylidae (Plate 691, g,h).

The family Scolebythidae was first described by
Evans (1963). BROTHERS & JaNzEN (1998) placed Prist-
apenesia primaeva BRUES, 1933 from Baltic amber in
the family Scolebythidae and revised the species de-
scription (Plate 69 e, Fig 78). Little is known about the

biology of the Scolebythidae. They are believed to be
external parasites on long-horned beetles (Cerambyc-
idae). The three extant species are divided into three
genera occurring in Brazil, South Africa, Madagascar
and Australia.

Fig. 78: Scolebythidae Pristapenesia primaeva BRUES, 1933,
female (ventral and dorsal) (after BROTHERS & JANZEN 1998).

Plate 69: Hymenopterans (Insecta: Hymenoptera) in Baltic amber III.

a Encyrtidae, x20.

¢ Dryinidae (Harpactospecion filicornis), x 12.
e Scolebythidae (Pristapenesia primaeva), x 13.
g Bethylidae (Palaeobethylus sp.), x 12.

Mymaridae, x 30.

Dryinidae (pincer), x 120,
Bethylidae (Isobrachium sp.), x20.
Bethylidae (Lythopsenella sp.), x 25.
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2.70 Ants - Insecta: Hymenoptera (Vespoidea)

Ants make up the large family of Formicidae, which
includes nearly 10,000 described species. While BRown
(1954) previously divided this family into nine sub-
families, BArONI UrBANI et al. (1992) believed it neces-
sary for taxonomic reasons to distinguish between sev-
enteen subfamilies. This discrepancy is problematic for
amber ants, because the fundamental systematics and
taxonomy were established by Mayr in 1868, supple-
mented in following decades, but never subjected to a
comprehensive, modern revision. SpaHrR (1987) pre-
sented an overview for Baltic amber, including the
following subfamilies: Dolichoderinae, Dorylinae, For-
micinae, Myrmicinae, Ponerinae. Arevision would likely
lead to the identification of additional subfamilies.

The Dorylinae are commonly known as wandering
ants. HANDLIRSCH (1925) made the first reference to
their occurrence in Baltic amber.

The European Myrmicinae are easily distinguished
by their two-segment pedicel consisting of a petiole and
postpetiole that form two nodes. Unfortunately, this
identifying characteristic fails when it comes to the
tropical forms, because the tropical Pseudomyrmecinae
and Dorylinae also display this nodelike structure.
Myrmicines of the following genera occur in Baltic
amber: Aphaenogaster, Cremastogaster, Monomorium,
Myrmica, Stenamma, Leptothorax.

In the Ponerinae the nodelike and erect pedicel com-
prises a single segment. The pedicel transitions into the
gaster, both of which make up the abdomen. The Pon-
erinae have a constriction between the first and second
gastral segments and a well-developed sting on the end
of the abdomen. The amber ants of this subfamily
include the genus Ponera.

The Formicinae (including the Camponotinae), or
mound ants, are distinguished by the nearly upright
projection on the single-segment pedicel. More signif-
icant, however, is the absence of a sting and its replace-
ment with an acidipore (an opening at the gastral apex
for the secretion of formic acid). This characteristic
applies at least to the European species of the subfamily.
The mound ants in Baltic amber include species of the
genera Plagiolepis, Camponotus, Lasius and Formica.

The Dolichoderinae are those with a single-segment
petiole, whose small, sometimes undifferentiated pro-
jection is inclined anteriorly. The sting is rudimentary.
This subfamily is widely distributed and particularly
diverse in the tropics. The dolichoderines are represent-
ed by amber species of the genera Dolichoderus, Both-
riomyrmex and Liometopum.

A further subfamily is represented from Baltic am-
ber by the fossil genus Prionomyrex which is most
closely related to the recent Australian genus Myrmecia
(Mavr 1868, WHEELER 1915) and the recent Australian
genus Nothomyrmecia (Baroni Urbani 2000). As a con-
sequence of the analysis of the relationships between
the three related genera the subfamily Prionomyrmeci-
nae is suggested by Baroni Urbani 2000. Prionomyrex
Jjanzeni BArRoNI Ursani, 2000 is a fossil species of the
subfamily Prionomyrmecinae.

i

Fig.79: Prionomyrmex janzeni Baroni Urbani, 2000 (Formi-
cidae: Prionomyrmecinae).

Plate 70: Hymenopterans (Insecta: Hymenoptera) in Baltic amber IV (Vespoidea I).

a Ponerine ant (Ponerinae), x 10.

¢ Myrmicine ant (Myrmicinae), x21.

e Dolichoderine ant (Dolichoderinae), x 16.
g Mound ant (Formicinae), x 14.

Ponerine ant (Ponerinae), x 13.
Myrmicine ant (Myrmicinae), x 12.
Mound ant (Formicinae), x 14.
Mound ant (Formicinae), x 15.
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2.71 Ants — Insecta: Hymenoptera (Vespoidea)

Much has been written about the biology of ants. One
of the first, classical monographs was prepared by Es-
cuericH (1917). As a result of new research on the
fascinating world of ants, the literature has been greatly
expanded with studies of their social organization (Goss-
waLD 1985), ecology and behavior in ecosystems such
as forests (GosswaLDp 1989-1990). HOLLDOBLER & WiL-
soN (1990, 1995) published their many years of experi-
ence and exciting discoveries in an outstanding account
of the biology of ants.

Nearly 10,000 ant species have been described to
date and an equal number of unknown species are
suspected to exist. The various ant species live accord-
ing to fixed rules governing the organization of their
colonies, in which neither males, sterile females or
workers could survive on their own. The entire ant
colony becomes like a single, biological organism (Goss-
waLD 1985). Be they hunters, breeders, grain or honey
gatherers, or the guests, parasites, predators or slave-
holders of other species, the activity of the ants is
closely tied to the mechanism of the society. The colony
practices an impressive form of brood care, thus ensur-
ing its own survival.

Comparatively little is known about the biology of
ants from Baltic amber. We are dependent on “snap-
shots” captured in amber, which together give us a
general picture of their past life. Consequently, these
fatal accidents have come to play an important role.
Disturbing an ant hill provokes behavior that can occa-

sionally also be observed in amber, when larvae and
pupae are found scattered in the specimen: the ants
apparently grabbed their brood in order to bring them to
safety. These scenes are found in Dominican amber
(ScHLEE 1980) and older Baltic amber (Plate 71 ¢-f).

Amber has captured other unfortunate scenes for
ants, including spiders tying up their ant prey to feed on
them later (Fig. 37), or assassin bugs luring passing
ants, feeding on them and discarding the empty integ-
uments (Plate 43 a).

The symbiosis between ants and aphids is a rather
more pleasant example. HEg (1967) reported an amber
specimen from Konigsberg containing fifteen ants to-
gether with a colony of aphids. When the ants stroke the
aphids with their antennae, the aphids secrete drops of
sugary “honeydew” greedily consumed by the ants (e.g.
Lasius species). In return, the ants protect aphids from
their enemies. Aphids and ants are indeed found togeth-
er in the taphocoenoses of individual pieces of amber,
thus providing an indication of this symbiotic relation-
ship. According to Her (1967), however, symbiosis
does not exist when ants appear in amber with aphids of
the genus Germaraphis, which secrete wax instead of
honeydew and are therefore not “milked” by the ants.
Considering the relative frequency of aphids and ants,
it is very possible for them to occur together in Baltic
amber, be it a random coincidence or the result of a
symbiotic relationship, this being determined by the
identification of the taxa.

Plate 71: Hymenopterans (Insecta: Hymenoptera) in Baltic amber V (Vespoidea II).

a Mound ant (Formicinae), x 8.
¢ Disturbed ant brood, x 10.

e Worker with ant larva, x 15.
g Ant larvae, x 15

Mound ants (Formicinae), x 14.

Ant pupa and larva, x25.

Pupa with ant immediately prior to hatching, x 30.
Emerged ant, x 12.
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2.72 Bees and spheciform wasps — Insecta: Hymenoptera (Apoidea)

The superfamily Apoidea includes bees and their close
relatives, the spheciform wasps. The two families are
represented in Baltic amber by several genera and spe-
cies. Bees and spheciform wasps are characterized by a
broad, posterior lobe on the prothorax that extends
towards the tegula but does not reach it. The main
difference between the two families is the shape of the
hind tarsus, which is much broader in bees than in
spheciform wasps, and by the presence of plumose
setae in bees.

Bees gather pollen and nectar to feed their larvae,
with most genera thus possess special gathering organs
located on the abdomen or hind legs. Due to their
familiarity and popularity as busy honey-gatherers, bees
are coveted inclusions among amber collectors and, as
a result, they have been the subject of several, detailed
studies. The most recent monograph of Baltic amber
bees recognized 36 valid species in 18 genera and from
five families (ENGEL 2001b). These records include
species of sweat bees (Halictidae), melittid bees (Melitt-
idae), lithurgine bees (Megachilidae: Lithurginae), leaf-
cutting bees (Megachilidae: Megachilinae), carpenter
bees (Apidae: Xylocopinae) and “true bees” (Apidae:
Apinae) (BurteL-REPPEN 1906, CockereLL 1909, KEL-
NER-PILLAUT 1974, ENGEL 2001 b). In addition, a poorly
understood extinct family of bees, intermediate be-
tween short- and long-tongued bees, is known from
Baltic amber (Paleomelitta nigripennis Encer, 2001:

Paleomelittidae). Baltic amber presently contains the
most diverse fossil bee fauna and includes a remarkable
array of highly social bees, many of which became
extinct at the end of the Eocene (ENGEL 2001b). The
records of andrenine bees (Andrenidae) (Sarr 1931)
and bumble bees (Bombus spp.) have not been con-
firmed and are likely misidentifications (ENGEL 2001 b).
Digger and cuckoo bees (Apidae; formerly Anthophori-
dae) have also been mentioned but remain unconfirmed.

Spheciform wasps clearly differ from bees in terms
of their biology. Like spider wasps (Pompilidae), they
dig their nests in the soil, usually placing several, par-
alyzed insects into each brood cell. The various fami-
lies and genera have been observed to have a broad
range of prey.

Relatively small, plain representatives of the fami-
lies Pemphredonidae and Crabronidae have primarily
been found in Baltic amber. The Pemphredonidae were
covered in detail by Buprys (1993), who described
several genera, most of which are exclusively fossil.
Buprys (1993) estimated that the number of species of
Passaloecus, Foxyloecus and other, closely related gen-
era in the Baltic amber fauna may be three times greater
than in any extant fauna known today. Nonetheless,
only two species of Crabronidae have been recorded
from Baltic amber to date (CockereLL 1909). New
species can certainly be expected to be found among
the amber Crabronidae, possibly in new genera.

Fig. 80: Spheciform wasp (Apoidea: Spheciformes).

Plate 72: Hymenopterans (Insecta: Hymenoptera) in Baltic amber VI (Apoidea).

]

Honey bee (Apidae), x9.

¢ Electrapis krishnorum (Apidae), x 8.

e Spheciform wasp (Crabronidae), x 14.

g Ctenoplectrella viridiceps (Megachilidae), x 10.

b Succinapis micheneri (Apidae), x9.

d Honey bee (Apidae), xO.

f  Eoxyloecus sp. (Pemphredonidae), x 15.

h Ctenoplectrella viridiceps (Megachilidae), x 10.
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2.73 Overview of hymenopterans in Baltic amber — Insecta: Hymenoptera

The following list includes all hymenopteran families
that have been recorded from Baltic amber on the basis
of at least one, described species. The superfamilies and
families are grouped according to the classification by
GouLET & HuUBER (1993):

Suborder: SYMPHYTA
CEPHOIDEA
Cephidae
SIRICOIDEA
Siricidae
TENTHREDINOIDEA
Tenthredinidae

Suborder: APOCRITA
STEPHANOIDEA
Stephanidae
MEGALYROIDEA
Megalyridae
CERAPHRONOIDEA
Megaspilidae
Evanioea
Evaniidae
Aulacidae
ICHNEUMONOIDEA
Ichneumonidae
Braconidae
PROCTOTRUPOIDEA
Diapriidae
Pelecinidae
Proctotrupidae
PLATYGASTROIDEA
Scelionidae
CYNIPOIDEA
Figitidae
Cynipidae
MYMAROMMATOIDEA
Mymarommatidae

CHALCIDOIDEA .2
Torymidae s
Eupelmidae
Tetracampidae

Fig. 81: Bee of the genus Glyptapis (Apoidea: Megachilidae).

¢
i
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Mymaridae
CHRYSIDOIDEA
Scolebythidae
Embolemidae
Dryinidae
Bethylidae
Chrysididae
VESPOIDEA
Pompilidae
Mutillidae
Vespidae
Formicidae
AromEA (Spheciformes)
Ampulicidae
Crabronidae
Pemphredonidae
ApromEA (Apiformes)
Halictidae
Melittidae
Paleomelittidae
Megachilidae
Apidae

Plate 73: Hymenopterans (Insecta: Hymenoptera) in Baltic amber VII (Apoidea).

Glyptapis fuscula CockereLL, 1909 (Apoidea: Megachilidae), x 25.
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2.74 Scorpionflies — Insecta: Mecoptera

Scorpionflies are characterized by an elongate rostrum.
Over 500 species of this order of holometabolous in-
sects have been described. The larvae are caterpillar-
like and pupate in the soil. The European scorpionflies
include the Boreidae (snowflies), which are wingless,
the Panorpidae (common scorpiontlies), the males of
which have dorsally recurved genitalia superficially
resembling the tail of a scorpion, and the long-legged
Bittacidae (hanging-flies), which use the front legs to
hang down from small twigs and the rear legs to capture
flying insects.

Competing hypotheses have been proposed for the
Mecoptera. WiLLMANN (1989) considered the order to
be a monophyletic group that was already represented
in the Permian by the family Nannochoristidae. More
extensive studies based on morphology, DNA sequenc-
es, ethology, and development have recognized the
Mecoptera to be potentially paraphyletic, with the Borei-
dae being more closely related to the fleas, order Sipho-
naptera (WHITING et al. 1997). Certainly much work
remains to be done on the phylogeny of this ancient
group of insects and fossils will play a critical role in
resolving the competing hypotheses. PicTET-BARABAN
& HaGeN (1856) and, most recently, CARPENTER (1931,
1954, 1955, 1976) have covered the fossil scorpionflies
of Baltic amber. According to their revisions, three
families occur in Baltic amber:

Bittacidae
Bittacus fossilis CARPENTER, 1954
Bittacus minimus CARPENTER, 1954
Bittacus succinus CARPENTER, 1954
Electrobittacus antiguus (PICTET, 1854)
Panorpidae
Panorpa mortua CARPENTER, 1954
Panorpa obsoleta CARPENTER, 1954

Panorpodidae
Panorpodes brevicauda (HAGEN, 1856)
Panorpodes hageni CARPENTER, 1954

The wing venation of the Panorpidae is very similar to
that of the Panorpodidae. The arrangement of the cross-
veins in the forewing of a panorpid from Baltic amber
(Plate. 74 b, Fig. 82 a) indicates a phylogenetic relation-
ship to the Japanese genus Panorpodes. Bittacus fossi-
lis is a frequent species among the Bittacidae. The
species is characterized by the lack of a second cross-
vein (r-rs) at the pterostigma of the forewing (cf. Hylo-
bittacus, BYErs 1979).

Fig. 82: Forewings of fossil Mecoptera genera.
a Panorpodes brevicauda (HAGEN, 1856).

b Panorpa obsoleta CARPENTER, 1954,

¢ Bittacus succinus CARPENTER, 1954.

Plate 74: Scorpionflies (Insecta: Mecoptera) in Baltic amber.

a Panorpidae: Panorpa sp., x20.
b Panorpodidae: Panorpodes sp., x15.
¢ Bittacidae: Bittacus sp., x 15.
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2.75 Caddisflies — Insecta: Trichoptera

Caddisflies (Trichoptera) are among the insects that
occur with significant regularity in Baltic amber, but
also worldwide in other fossil resins. While they com-
prise up to 5 or 6 percent of all inclusions in Baltic
amber, they make up only 0.1 to 0.01 percent of all
inclusions in Dominican amber, which is just as rich in
inclusions overall. Their size range of 0.5 to 2 centi-
meters makes them conspicuous insects in amber.

Urmer (1912) published a comprehensive mono-
graph of the caddisflies from Baltic amber. The material
on which the study was based originated from various
museums and private collections, encompassing a total
of 5,060 pieces that have unfortunately deteriorated
almost completely. The vast majority (3,900 pieces)
belonged to two Konigsberg collections: 1,600 pieces
from the KreBs collection and 2,300 from the universi-
ty’s Institute of Geology and Paleontology. ULMER de-
scribed 152 fossil species, which he placed in 56, most-
ly fossil genera. New caddisfly species have since been
described from Baltic amber and its Bitterfeld deposits
(MEY 1985, 1986, 1988, WicHARD 1986, WICHARD &
CAsPERS 1991, WicHARD & SuUKkATSHEVA 1992, WICHARD
& WErrscaAT 1996, JoHansoN & WicHARD 1997). Cad-
disflies of Baltic amber, including its Bitterfeld depos-
its, are currently under revision (WICHARD in prep.)

At rest, imagoes are characterized by anteriorly re-
curved, filiform antennae and brownish-gray wings
covering the abdomen in a rooflike fashion. The com-
pound eyes often appear to be green or blue in Baltic
amber (Plates 75, 76 a,b). These colors are optical ef-
fects caused by the refraction of light (WErrscHar &
WicHarD 1992). The key features of identification are
the first antennal segments (Plate 76 g,h), ocelli and
maxillary palpi (Plate 76e,1), as well as the number of
tibial spurs and the wing venation. The description of
extant species is primarily based on the external male
genitalia, which are also indispensable in the descrip-
tion of new Trichoptera from amber (Plate 76 ¢, d).

In addition to numerous imagoes, a few larvae also
occur in Baltic amber. One of the first records was

published by Larsson (1978). Further caddisfly larvae
were described by WicHARD (2000, 2001). These fossil
larvae do not belong to the few, terrestrial trichopteran
species, but rather have tracheal gills in adaptation to an
aquatic life style. They all belong to the suborder In-
tegripalpia, whose larvae always bear cases. However,
none of the fossil larvae in amber have been preserved
with cases, having probably left them beforehand. Ex-
tant larvae initially retreat into their cases when dis-
turbed. If they are deprived of water for an extended
period, so that the residual water in the case drains or
evaporates, the caddisfly larvae change their behavioral
strategy, leaving the case to crawl around in an unfamil-
iarly dry environment, where they are exposed to all
occurrences without any protection whatsoever. The
Integripalpia larvae in amber thus lead to the assump-
tion that the bodies of water they inhabited ran dry, and
that they were unable to synchronously adapt their life
cycles. Today, bodies of water that run dry irregularly
and periodically are common in arid, subtropical re-
gions.

Fig. 83: Holocentropus affinis ULMER, 1912 (Trichoptera,
Polycentropodidae).

Plate 75: Caddisflies (Insecta: Trichoptera) in Baltic amber 1.

Polycentropodidae from Baltic amber of the Bitterfeld deposits, x 42.
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2.76 Systematic overview of amber caddisflies — Insecta: Trichoptera

Current list of the caddisflies from Baltic amber (after:

WICHARD & WEITSCHAT 1996):

Suborder: SPICIPALPIA
Rhyacophilidae
Rhyacophila (6 species)
Glossosomatidae
Electragapetus (1)
Hydroptilidae
Agraylea (3)
Electrotrichia (1)
Palaeagapetus (1)

Suborder: ANNULIPALPIA
Philopotamidae
Philopotamus (1)
Ulmerodina (1)
Wormaldia (6)
Electracanthinus (1)
Stenopsychidae
Stenopsyche (1)
Ecnomidae
Archaeotinodes (14)
Hydropsychidae
Diplectrona (2)
Electrodiplectrona (1)
Hydropsyche (1)
Potamyia (1)
Polycentropodidae
Archaeoneuroclipsis (2)
Holocentropus (21)
Neureclipsis (4)
Nyctiophylax (23)
Nyctiophylacodes (1)
Plectrocnemia (24)
Dipseudopsidae
Phylocentropus (4)
Psychomyiidae
Lype (5)

Suborder: INTEGRIPALPIA
Phryganeidae
Phryganea (7)

Trichostegia (1)
Brachycentridae
Brachycentrus (1)
Goeridae
Goera (1)
Lithax (2)
Silo (1)
Lepidostomatidae
Electraulax (2)
Palaeocrunoecia (3)
Palaeolepidostoma (1)
Archaeocrunoecia (3)
Electrocrunoecia (1)
Maniconeurodes (1)
Calamoceratidae
Ganonema (1)
Georgium (1)
Molannidae
Molanna (1)
Molannodes (2)
Leptoceridae
Setodes (1)
Erotesis (3)
Triplectides (3)
Odontoceridae
Electrocerum (1)
Electropsilotes (1)
Marilia (2)
Beraeidae
Bereodes (1)
Helicopsychidae
Adelomyia (1)
Electrohelicopsyche (1)
Helicopsyche (2)
Ogmomyia (1)
Palaeohelicopsyche (2)
Perissomyia (1)
Sericostomatidae
Aulacomyia (1)
Pseudoberaeodes (1)
Sphaleropalpus (1)
Stenoptilomyia (1)

Plate 76: Caddisflies (Insecta: Trichoptera) in Baltic amber II.

a Polycentropodidae: Holocentropus sp., green eyes. b Polycentropodidae: Plectrocnemia sp., blue eye.

¢ Polycentropodidae: Holocentropus consobrinus, male genitalia. d Leptoceridae: Erofesis sp., female genitalia.

e Helicopsychidae: Palaeohelicopsyche sp., maxillary palpi. f Goeridae: Lithax herrlingi, maxillary palpi, holotype.
g Helicopsychidae: Electrohelicopsyche taenica, antenna. h Lepidostomatidae: Palaeolepidostoma proavum, antenna.
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2.77 Caddisflies in Baltic amber — Insecta: Trichoptera

The order Trichoptera is represented in Baltic amber by
21 families. Extant caddisflies are classified in 43 fam-
ilies worldwide, 21 of which occur in Europe. A com-
parison of the families in Baltic amber to extant, Euro-
pean forms reveals many common faunal elements.
Although there is no phylogenetic or, more importantly,
geographic relationship between the two faunas, closer
examination shows that they display extensive similar-
ities in terms of their climatic and ecological character-
istics (WICHARD 1988).

The Spicipalpia families from Baltic amber are iden-
tical to the extant European fauna. Neither fauna in-
cludes the family Hydrobiosidae, whose members are
native to Australia and the Nearctic region. Several
species also occur in the Oriental, southern Nearctic
and Palearctic regions.

The Annulipalpia also display extensive similari-
ties. For example, the two faunas differ with regard to
only one, small family: the Stenopsychidae. While this
family does not occur at all today in Europe, one spe-
cies has been recorded from Baltic amber. Roughly 70
extant species are distributed in Southeast Asia, Aus-
tralia and in the Oriental and Ethiopian regions.

Only the Intergripalpia display somewhat greater
differences. Of the 13 families native to Europe, two are
not found in Baltic amber: Thremmatidae and Limne-

philidae. Three species of Thremmatidae are restricted
to southern Europe, and one species reaches as far north
as the Black Forest. In contrast, roughly 1,000 species
of the Limnephilidae are today distributed in the Hol-
arctic region, with a few species pushing south to the
northern rim of the Oriental region. The approximately
300 European species mainly occur in the northern
regions.

Ignoring the subtropical-tropical Stenopsychidae and
the Limnephilidae from the cold climate zones, the
trichopteran fauna of Baltic amber largely corresponds
to the present-day European fauna and is indicative of
a temperate climate. This observation is commensurate
with the information on other aquatic insects from Baltic
amber. The more clearly these aquatic insects belong to
the forms preferring running waters, the more strongly
they indicate a temperate climate. Aquatic insects are
primarily characterized by the biology of their larvae,
many of which are adapted to cold-stenothermic habi-
tats in running waters. Based on the great number
rheophilous caddisflies in Baltic amber, ULMER (1912)
described a mountainous landscape with numerous
streams and rivers. This mountainous landscape appar-
ently had elevation-related climate zones ranging from
subtropical lowlands to temperate highlands.

Fig. 84: Marilia altrocki WicHARD, 1986 (Odontoceridae), holotype.

Plate 77: Caddisflies (Insecta: Trichoptera) in Baltic amber III.

a Polycentropodidae: Plectrocnemia sp., x 9.
¢ Leptoceridae: Erotesis sp., x 8.

b Polycentropodidae: Holocentropus scissus, X 9.
d Helicopsychidae: Palaeohelicopsyche sp., x 10.

e Odontoceridae: Marilia altrocki Wicuarp, 1986, holotype, in old, red amber, x 8,5.
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2.78 Butterflies and moths in Baltic amber — Insecta: Lepidoptera

Butterflies and moths (Lepidoptera) make up one of the
largest insect orders with over 150,000 species. They
are surpassed only by the beetles, and perhaps the
Hymenoptera, with regard to the number of species.
Lepidopterans are holometabolous insects (Endoptery-
gota), i.e. their development progresses from the eggs,
caterpillars (larvae) and pupae, to the adults. The body
displays distinct head-thorax-abdomen segmentation.
The mesothorax and metathorax each bear one pair of
wings, which are connected during flight to ensure
synchronous strokes. The top and bottom sides of the
wings are covered with dense, fine scales, which con-
tain pigments or have special structures that cause op-
tical effects and produce structural colors. These scales
are what give the wings their splendid colors. The size
of the lepidopterans is usually measured by the span of
the unfolded wings, which ranges from 3 millimeters to
25 centimeters.

Most butterflies and moths in amber are small, rare-
ly larger than one centimeter. Larger flying insects were
able to avoid the danger of getting trapped in resin
much more easily than small animals. In some instanc-
es, fairly large insects left behind wing fragments that
remained stuck to the resin when they flew away. In
contrast, small lepidopterans are often fully embedded,
thus enabling precise determination of the families and
genera, and facilitating the detailed description of new
species. The butterflies and moths in Baltic amber rep-
resent the vegetation of the “amber forest”. Because

caterpillars are closely associated with their host plants,
without which they usually cannot survive, lepidopter-
ans are an excellent source of information for describ-
ing the biotope they inhabited in the “amber forest”.
Based on comparisons with present-day lepidopterans
and their host plants, every new lepidopteran inclusion
found helps complete the picture of the “amber forest”,
even though the leaves, buds, flowers and fruits of the
plants themselves have only rarely been preserved.
Although most caterpillars are restricted to specific
plants, this comparison to related, extant species still
only gives us an approximation of the situation that
prevailed in the Eocene Epoch.

Fig. 85: Concealer moth Borkhausenites bachofeni REBEL,
1934 (Lepidoptera: Oecophoridae).

Plate 78: Butterflies and moths (Insecta: Lepidoptera) in Baltic amber 1.

a-d
e-h

Various caterpillars, a x 11, b x 10, ¢ x 10, d x9.

Various “Microlepidoptera”, e x8, f x6, g x9, h x7
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2.79 Caterpillars — Insecta: Lepidoptera

It is no surprise that caterpillars are just as frequent in
amber as imagoes. Unlike the caterpillars, the imagoes
were probably lured by the odor of the resin and its
illumination in the sunlight. Several caterpillar speci-
mens must have been surprised by dripping resin that
fell to the ground and enveloped them. However, the
majority of inclusions involve caterpillars that fed on
the resin-producing host plant and were embedded in
resin flowing down the tree. This assumption would
mean that numerous caterpillars and other bark-dwell-
ing insects lived without competition on only one host
plant, namely Pinus succinifera, to which amber is
attributed. Many species-specific bark-dwellers could
only have been captured in amber because their host
plant was also the resin-supplier for Baltic amber.

We must abandon the assumption that only one
resin-producing tree (Pinus succinifera) could have
been the source of Baltic amber. The close association
between many tree-dwellers and their host plants, as
well as the competition among them, makes it much
more likely that several plants, particularly conifers,
contributed to resin production and the formation of
Baltic amber.

The Baltic amber forest was a primeval forest that
varied from one location to the next and changed over
time in make-up and extent, but nevertheless persisted
for over ten million years. During this period, resin-
producing plants, primarily conifers, generated enor-
mous amounts of resin in a completely natural manner.

The study of Lepidoptera in Baltic amber is mainly
associated with the names of ReBeL (1935, 1936, 1937)
and SkArLskr (1973 ft.), who described new species and
compiled a preliminary systematic overview (classifi-
cation according to NmeLsEN & Common 1991):

ZEUGLOPTERA
Micropterygidae — Mandibulate moths

HETEROBATHMIINA

GLASSATA

Nepticulidae — Pygmy moths
Heliozelidae — Shield bearer moths
Adelidae — Long-horned fairy moths
Incurvariidae — Leafcutter moths
DrITRYSIA

Psychidae — Bagworm moths
Tineidae — Clothes moths
Gracillariidae — Leafminer moths
Yponomeutidae — Ermine moths
Argyresthiidae

Plutellidae — Diamondback moths
Heliodinidae — Sun moths
Lyonetiidae — Leaf skeletonizer moths
Oecophoridae — Concealer moths
Elachistidae — Grass miner moths
Gelechiidae — Twirler moths
Symmocidae

Scythrididae — Flower moths
Tortricidae — Leafroller moths
Sesiidae — Clearwing moths
Pyralidae — Snout moths
Papilionidae — Swallowtail butterflies
Sphingidae — Hawkmoths

Arctiidae — Tiger moths

Noctuidae — Owlet moths

Plate 79: Butterflies and moths (Insecta: Lepidoptera) in Baltic amber II.

a-h  Various caterpillars with their cases, a x9, b x18, ¢ x9, d x9, e x10, f x8, g x9, h x10.
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2.80 Nematocera in Baltic amber — Insecta: Diptera

Flies belong to the complex and extensive order Diptera
(Hennic 1973). They are winged, holometabolous in-
sects with a first pair of fully developed wings and a
second pair that is reduced to balancers or halteres. The
numerous species and families of the order Diptera are
divided into two suborders: the Nematocera and Brach-
ycera. These suborders are further subdivided to reflect
the phylogeny of the group more closely (CoLLEss &
McALrPNE 1991).

Flies are very common in Baltic amber. At least
70 % of all inclusions are dipterans, although they are
often overlooked, because those preserved in amber are
usually quite small. Consequently, a great number of
unknown fossil species is expected to exist. The study
of the Diptera in Baltic amber is still in the early stages,
even though the groundwork was laid in several, signif-
icant, early works (Lorw 1845, 1850, 1861, 1864, 1873,
MEUNIER 1894-1922, ALEXANDER 1931). Modern, taxo-
nomic analysis of the fossil Diptera in Baltic amber
began with Hennig, who applied the method of phylo-
genetic systematics (Hennig 1950, 1966 a) to the study
of the Nematocera and Brachycera in Baltic amber
(Hennig 1938-1972).

According to the systematic classification by Woob
& BorkenT (1989), the Nematocera from Baltic amber

Fig. 86: Two crane flies (Diptera: Tipulidae).

are divided into eighteen families. Several families
have been combined, e.g. the Fungivoridae and Kero-
platidae with the Mycetophilidae. The Tipulidae were
grouped with the Limoniidae studied by Krzeminski
(1985b, 1998 a,b, 2000 a,b) and PopeNas (1999 a, ¢, d).

Suborder NEMATOCERA
Tipulidae — Crane flies
Nymphomyiidae — Nymphomyiid flies
Bibionidae - March flies
Mycetophilidae — Fungus gnats
Sciaridae — Dark-winged fungus gnats
Cecidomyiidae — Gall midges
Psychodidae — Moth and sand flies
Trichoceridae — Winter crane flies
Anisopodidae — Wood gnats
Scatopsidae — Scavenger flies
Tanyderidae
Dixidae — Dixid midges
Corethrellidae
Chaoboridae — Phantom midges
Culicidae — Mosquitoes
Simuliidae — Blackflies
Ceratopogonidae — Biting midges
Chironomidae — True midges

Plate 80: Flies (Insecta: Diptera) in Baltic amber I (Tipulidae).

a Limoniinae: Crane fly Neolimnomyia sp., x 10.
¢ Limoniinae: Crane fly Palaeogonomyia sp., x 7.
e Tipulinae: Crane fly, x 3.

g Tipulinae: Crane fly, pupa, dorsal, x9.

Limoniinae: Crane fly Pseudolimnophila producta, x 4.
Limoniinae: Crane fly Elephanomyia pulchella, x 6.
Tipulinae: Crane fly, head region, x 10.

Tipulinae: Crane fly, pupa, ventral, x 10.

=2l = Vi —
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2.81 Nematocera in Baltic amber — Insecta: Diptera

A comparison of the Nematocera from three amber
collections (a Warsaw Earth Museum, b Danzig collec-
tion and ¢ Copenhagen Zoological Museum) provides
information on the frequency of the families (KuLicka
et al. 1985). Even though the content of the collections
has changed and the taxonomic study of the families
has progressed, the data still establishes a basis for
orientation and reveals trends in their frequencies:

Families Collections (%)

a b c
Tipulidae 2.11 1.17 3.30
Nymphomyiidae - - -
Bibionidae 0.07 0.03 0.20
Mycetophilidae 13.38 8.99 18.60
Sciaridae 22.56 23.34 14.90
Cecidomyiidae 2.62 2.77 7.60
Psychodidae 4.67 6.23 6.30
Trichoceridae 0.01 0.00 0.00
Anisopodidae 0.05 0.06 0.00
Scatopsidae 0.17 0.22 1.00
Tanyderidae 0.00 0.00 0.10
Dixidae 0.05 0.00 0.00
Corethrellidae - - -
Chaoboridae 0.04 0.03 0.10
Culicidae - - -
Simuliidae 0.26 0.03 0.40
Ceratopogonidae 7.87 6.92 11.00
Chironomidae 46.13 49.85 36.50

The families Nymphomyiidae, Corethrellidae and Cu-
licidae have since been reported, the systematics and
taxonomy of which were established respectively by
WAGNER et al. (2000), BORKENT & Szapziswski (1992),
Szapziewskl et al. (1994), SzapziEwskr (1998), and
PopeNas (1999D).

The larvae and pupae of extant Nymphomyiidae live
in between mosses and stones in rapidly flowing moun-
tain streams characterized by minimal temperature fluc-
tuation. The apneustic larvae breathe through the body
surface and feed on decaying plant material. The ima-
goes are up to 3 millimeters long and have reduced
mouthparts, meaning that they do not feed during the
brief adult phase. Nymphomyiid flies display three,
distinctive morphological characteristics: 1. Long, nar-
row wings (which may also be absent) with reduced
venation and a marginal fringe, 2. Ventrally adjoined
compound eyes, i.e. forming a ventral, not dorsal, bridge,
3. Paired, threadlike appendages on the fifth and sixth
abdominal segments of the males, the function of which
is still a subject of speculation. Eight species of this
family have been described up to now, to which the
fossil species Nymphomyia succinea from Baltic amber
and its Bitterfeld deposits can now be added (WAGNER
et al. 2000).

Fig. 87: Nymphomyiid fly (after WacnEr et al. 2000Db).

Plate 81: Flies (Insecta: Diptera) in Baltic amber II

a Nymphomyiidae: Nymphomyiid fly, x 25.

¢ Sciaridae: Dark-winged fungus gnat, x 11.

e Mycetophilidae (Macrocerinae): Fungus gnat, x 7.
g Psychodidae: Moth fly, x12.

Bibionidae: March fly, x 7.

Sciaridae: Dark-winged fungus gnat, x 12.
Myecetophilidae: Fungus gnat, x9.
Scatopsidae: Scavenger fly, x 8.

= =T
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2.82 Anisopodidae and Tanyderidae in Baltic amber - Insecta: Diptera

The wood gnats (Anisopodidae) were described by
Loew (1850) and MruniER (1899, 1904), and the no-
menclature was later revised by EDwarps (1921, 1928).
According to these sources, six species are divided
between the two genera Mycetobia and Anisopus:

Mpycetobia connexa MEUNIER, 1899

Mpycetobia defectiva Loew, 1850

Mpycetobia longipennis MEUNIER, 1899
Mpycetobia platyuroides MEUNIER, 1899
Anisopus (Sylvicola) splendida (MeUNTER 1904)
Anisopus (Sylvicola) thirionis (MEUNIER 1904)

Although wood gnats are rare in Baltic amber, they are
still of special interest, because all developmental stag-
es have been preserved in both Baltic and Dominican
amber (GRMALDI 1991). Plate 82 a-d shows all of these
stages: a female with discharged egg string (a), a larva
that could easily be mistaken for a worm (b), a pupa
with conspicuous spines (c), and an imago “just” leav-
ing the pupal exuvia (d). The hatching process in anoth-
er inclusion is shown in Fig. 88.

Fig. 88: Wood gnat (Anisopodidae) hatching from the pupal
exuvia.

The family Tanyderidae is considered to be a prim-
itive and rare group of Diptera. It is represented by 37
extant species in Australia, Asia and the Nearctic re-
gion, and by one species in South Africa. At least
several of the extant species are typical aquatic insects,
whose larvae and pupae live in water. The larvae of the
Australian FEutanyderus sp. have been studied in detail.
They have a closed tracheal system, breathe through the
body surface and are additionally equipped with fila-
mentous tracheal gills on the posterior end of the abdo-
men. The pupae have paired spiracular gills on the
thorax (prothorax), with a plastron network in the cutic-
ula of the gill surface that holds a cushion of air (plas-
tron). This network enables a gas exchange to take
place at the boundary surface between the plastron and
the surrounding water (HinTON 1966, WICHARD et al.
1995).

Adults of extant species live along the banks of large
rivers; only a few imagoes have been described from
Baltic amber:

Macrochile spektrum Loew, 1850

Macrochile baltica Popenas, 1997.

Fig. 89: Macrochile baltica Popenas, 1997 (Tanyderidae),
holotype.

Plate 82: Flies (Insecta: Diptera) in Baltic amber III (Anisopodidae).

a Anisopodidae: Wood gnat, female with egg string, x 10.

c Anisopodidae: Wood gnat, pupa, x17.

b  Anisopodidae: Wood gnat, wormlike larva, x22.
d Anisopodidae: Wood gnat, hatched imago with pu-
pal exuvia, x 10.

e-h Anisopodidae: Wood gnats of the genus Silvicola, e x 10, f x9, g x9, h x9.
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2.83 Culicomorpha in Baltic amber - Insecta: Diptera

The culicomorphous Nematocera are represented in
Baltic amber by the two superfamilies Chironomoidea
and Culicoidea. The Chironomoidea are represented by
numerous Chironomidae (true midges) and Ceratopo-
gonidae (biting midges), while the Simuliidae (black-
flies) are rare and the Thaumaleidae do not occur at all
(Chap. 2.81).

The publications by Szapziewski (1988, 1993) give
a good overview of the numerous biting midges in
Baltic amber, including its Bitterfeld deposits. Biting
midges from various Cretaceous and Tertiary ambers
have been examined, which allow conclusions to be
drawn concerning the evolution of this group (e.g. the
feeding habits of the blood-sucking females): Lebanese
amber (Szapziewskr 1996; BOrkent 2000a), Taimyr
amber (SzapzEwskI 1996), French amber (SZADZIEWSKI
& ScHLUTER 1992), Sachalin amber (SzapziEwski 1990),
New Jersey amber (Borkent 1995, 2000b), Canadian
amber (BorkeNT 1995) and Jordan amber (SZADZIEWSKI
2000).

The true midges (Chironomidae) are among the
most common inclusions in Baltic amber and make up
the most diverse and abundant family of Culicomorpha.
The true midges of Baltic amber were first studied by
Loew (1850, 1864) and MeuNiErR (1904b, 1916), and
are currently under revision. SEREDSZUS & WICHARD
(2002) demonstrated the chironomid subfamilies ( Or-
thocladiinae — 90.2 %; Chironominae — 8.2 %; Podo-
nominae — 0.9 %, Tanypodinae — 0.5 %, Diamesinae —
<0.1 %, Buchonomyiinae — <0.1 %) and pointed out
the special paleoecological importance of true midges.

The culicoid families Dixidae (dixid midges), Culi-
cidae (mosquitoes), Chaoboridae (phantom midges) and
Corethrellidae are noticeably rare in amber (Chap. 2.81).
Hexnig (1966) revised the Dixidae and defined four
species. Five Culicidae, two Corethrellidae and one
Chaoboridae species have been described to date:
Dixidae

Dixa minuta MEUNIER, 1906

Paradixa succinea (MEUNIER, 1906)

Paradixa filiforceps Hennig, 1966

Paradixa distans HennNiG, 1966

Culicidae

Aedes damzeni SzapzIEWSKI, 1998

Aedes hoffeinsorum Szapziewski, 1998

Aedes perkunas Popenas, 1999

Aedes serafini SzADZIEWSKI, 1998

Culex erikae SzZADZIEWSKI & SzZADZIEWSKA, 1985
Corethrellidae

Corethrella prisca BORKENT & SzapziEwskl, 1992

Corethrella miocenica SzZADZIEWSKI et al., 1994
Chaoboridae

Mochlonyx sepultus MBUNIER, 1902

Most culicomorphous Nematocera are aquatic insects.
Their larvae and pupae inhabit running or standing
waters, or moist environments. An amber specimen
examined by HENNIG contains not only a dixid midge
(Paradixa succinea), but also the pupa of a blackfly,
whose larvae and pupae live in running waters. The
obvious and probable conclusion is that the larvae of
Paradixa succinea also inhabited running waters.

Fig. 90: Mochlonyx sepultus (Chaoboridae) (after HenNIG
1966 4d).
Fig. 91: Wing of the phantom midge.

Plate 83: Flies (Insecta: Diptera) in Baltic amber IV (Culicomorpha).

a Dixidae: Dixid moth, x 7.

¢ Culicidae: Mosquito, x 10.

e Ceratopogonidae: Biting midge, x 11.
g Chironomidae: True midge, x 11.

b Chaoboridae: Phantom midge, x 12.
d Simuliidae: Blackfly, x 12.

f Ceratopogonidae: Biting midge, x 13.
h Chironomidae: True midge, x 12.
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2.84 Brachycera in Baltic amber — Insecta: Diptera

The suborder Brachycera is represented in Baltic amber
by a wide range of families. KrzemiNskl & EVENHUIS
(2000) suspect that the Brachycera expanded in the
Tertiary, when many of the families and subfamilies
appear for the first time; however, the evolution of the
group is likely more ancient since a diversity of lineag-
es are well known from the Cretaceous (GRIMALDI &
CumMmING 1999). A number of them occur in Eocene
Baltic amber: Rachicerinae (Xylophagidae), Bombyli-
idae, Micropezidae, Pseudopomyzidae, Psilidae, Mega-
merinidae, Diopsidae, Conopidae, Lauxaniidae, Cha-
maemyiidae, Dryomyzidae, Sepsidae, Clusiidae, Acarth-
ophthalmidae, Odiniidae, Anthomyzidae, Aulacigastr-
idae, Asteiidae, Camidae, Cryptochetidae, Heleomyz-
idae, Chyromyidae, Camillidae, Drosophilidae, Dia-
statidae. The successful adaptation and evolution of the
Brachycera is attributed to the widespread availability
of new, unoccupied ecological niches, which were pri-
marily created by the spreading of angiosperms, but
perhaps also by the development of mammals and birds
in the Paleogene. The continuous production of leaves
led to an increase in the amount of dead biomass and to
the eutrophication of land and water, thus favoring all
animals that fed directly or indirectly on decaying plant
material.

The list of the Brachycera families in Baltic amber
is based on the classification by WoobLEy (1989) and
MCcALPINE (1989), taking into account the family lists
from SpaHr (1985):

ORTHORRHAPHA
Xylophagidae — Xylophagid flies
Xylomyidae
Stratiomyidae
Vermileonidae
Rhagionidae — Snipe flies
Tabanidae — Horseflies, deerflies
Acroceridae — Small-headed flies
Asilidae — Robber flies
Therevidae — Stiletto flies
Bombyliidae — Bee flies
Dolichopodidae — Long-legged flies
Empididae — Dance flies

CYCLORRHAPHA (ASCHIZA)

Sciadoceridae

Phoridae — Scuttle flies

Syrphidae — Syrphid flies

Pipunculidae — Big-headed flies
CYCLORRHAPHA (SCHIZOPHORA)
NERIOIDEA

Micropezidae (+ Calobatidae) — Stilt-legged flies

Cypselosomatidae (+ Pseudopomyzidae)
Diopsoipea

Psilidae — Rust flies

Megamerinidae

Diopsidae — Stalk-eyed flies
CONOPOIDEA

Conopidae — Thick-headed flies
TEPHRITOIDEA

Lonchaeidae — Lonchaeid flies

Pallopteridae
LAUXANIOIDEA

Lauxaniidae - Lauxaniid flies

Chamaemyiidae — Chamaemyiid flies
SCIOMYZOIDEA

Dryomyzidae — Dryomyzid flies

Sciomyzidae — Marsh flies

Sepsidae — Black scavenger flies
OPOMYZOIDEA

Clusiidae

Acartophthalmidae

QOdiniidae

Anthomyzidae

Aulacigastridae

Asteiidae — Asteiid flies
CARNOIDEA

Carnidae

Milichiidae

Cryptochetidae

Chloropidae — Frit and grass flies
SPAEROCEROIDEA

Heleomyzidae — Heleomyzid flies

Chyromyidae
EPHYDROIDEA

Camillidae

Drosophilidae — Small fruit flies

Diastatidae

Plate 84: Flies (Insecta: Diptera) in Baltic amber V (Culicomorpha).

a Ceratopogonidae: Biting midge, head with antennae, x 55.

b  Chironomidae: True midge, head with antennae, x 52.
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2.85 Brachycera in Baltic amber - Insecta: Diptera

If the plants and animals in Baltic amber are compared
to extant species, and the occurrence of their closest
relatives examined, the results indicate that many of the
present-day descendents are distributed in Southeast
Asia. However, closer geographical analysis combined
with sound phylogenetic knowledge of the taxa pro-
vides a more detailed picture of the global distribution.
Southeast Asia is inhabited by numerous relict species.
The diversity of these lineages and the complexity of
their evolution were illustrated by HENNIG using well-
studied amber Diptera as examples.

The xylophagid flies (Xylophagidae) in the sub-
family Rachicerinae are represented by three taxa in
Baltic amber (Hennic 1967a):

Chrysothermis speciosa Loew, 1850
Electra formosa Loew, 1850
Lophyrophorus flabellatus MEUNER, 1902

These can be compared to 34 extant Rachicerinae spe-
cies, 18 of which are distributed in the Indo-Asian

region and three in other regions: Spain (1 species),
Neotropical region (10), Nearctic region (5).

The extant small-headed flies (Acroceridae), which
occur not only in Southeast Asia, but also in other
subtropical regions, have a similar geographical distri-
bution. The genus Eulonchiella from Baltic amber be-
longs to the subfamily Philopotinae and is more closely
related to extant Philopotinae genera in South Africa
(Henxnic 1966 f). The subfamily Acrocerinae was re-
corded from Baltic amber on the basis of the genus
Villalites. According to detailed morphological and
phylogenetic analysis, this genus is most closely related
to the extant, Chilean genus Villalus (Hennig 1966 f).

In order to identify direct links to Eocene species, it
must first be determined whether a monophyletic rela-
tionship can be assumed to exist between all of the
geographically separated subgroups. If this is the case,
the next step would be to resolve the phylogenetic
relationships between the subgroups and the fossil forms.

< Electra
+ Lophyrophorus

a

Fig. 92: a Geographical distribution of the Rachicerinae, b Lophyrophorus flabellatus (after Hennig 1967 a).

Plate 85: Flies (Insecta: Diptera) in Baltic amber VI.

a Xylophagidae (Rachicerinae): Xylophagid fly, x7.
¢ Rhagionidae: Snipe fly, x6.

e Tabanidae: Horsefly, x7.

g Acroceridae: Small-headed fly, % 9.

Xylophagidae (Rachycerinae): Head, x 15.
Rhagionidae: Head, mouthparts, x 22.
Tabanidae: Head, eyes, x21.

Acroceridae: Small-headed fly, x 10.
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208



209



2.86 Brachycera in Baltic amber — Insecta: Diptera

The superfamily Empidoidea encompasses the families
Empididae (dance flies) and Dolichopodidae (long-leg-
ged flies), both of which occur with great regularity in
Baltic amber. The phylogenetic relationships and mono-
phylety of the two taxa are still unclear. In particular, it
cannot be ruled out that several subfamilies of the
Empididae are more closely related to the Dolichopodi-
dae than others. All subfamilies of the Empididae are
represented in amber: Microphorinae, Atelestinae, Ocy-
dromiinae, Hybotinae (Neozinae), Tachydromiinae (Co-
rynetinae), Hemerodromiinae (+ Clinoceratinae, Cera-
tomerinae, Homalocerinae) and Empidinae (HenNIiG
1973). The Atelestinae have already been reported from
Lower Cretaceous Lebanese amber on the basis of
Tricinites cretaceus (HENNIG 1970), Atelestites senec-
tus, and Phaetempis lebanensis (GRIMALDI & CUMMING
1999), as well as from Canadian and New Jersey am-
bers (GRMarLpl & CumMing 1999). Most Dolichopod-
idae families have also been confirmed for Baltic am-
ber. The revision of the amber flies of both family
groups will continue to be a primary objective of amber
research, until more detailed knowledge of the Empid-
idae and Dolichopodidae of Baltic amber helps unravel
the phylogenetic relationships within the superfamily.

The Bombyliidae, or bee flies, are represented in
Baltic amber by the Bombyliinae (Paracorsomyza),
Cyrtosiinae (Proplatypygus, Proglabellula) and Cylle-
niinae (Palaeoamictus, Amictites, Glaesamictus) (HEn-
NIG 1966b, 1967c, 1969). These groups are also the
oldest fossil records of the Bombyliidae.

The Bombyliidae are cosmopolitan insects that oc-
cur all over the world, except in the cold regions of the
southern and northern hemispheres. They are most di-
verse in the temperate zones, as is Proglabellula and its
related genera from Baltic amber. In contrast, the amber
genus Paracorsomyza, with the species Paracorsomyza
crassirostris (Loew, 1850), is most closely related to the
exclusively South African group Corsomyza, with its
roughly 40 species (Fig. 93).

Due to the fact that the phylogenetic system of the
Bombyliidae has long been incomplete, and the classi-
fication of the subfamilies of a preliminary nature (Mun-
LENBERG 1971, HEnniG 1973), it was previously difficult
to assign fossil specimens to related, extant forms and
to evaluate their associated biogeography. However,
the recent cladistic studies by YEartes (1992, 1994) have
opened the door for detailed studies of the fossil Bom-
byliidae.

Corsomyza-
Gruppe

Fig. 93: a Geographical distribution of the Corsomyza group, b Paracorsomyza crassirostris (after HENNIG 1966).

Plate 86: Flies (Insecta: Diptera) in Baltic amber VIIL.

a Empididae: Dance fly, x 10.

¢ Empididae: Dance fly, x 11.

e Dolichopodidae: Long-legged flies mating, x 10.
g Dolichopodidae: Long-legged fly, x 10.

Empididae: Head with eye and mouthparts, x 21.
Empididae: Head with eyes and antennae, x23.
Empididae (Hybotinae): Dance fly, x 10.
Dolichopodidae: Head with green eyes, x22.
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2.87 Brachycera in Baltic amber — Insecta: Diptera

The Phoridae (Plate 87 d-h) are commonly referred to
as “scuttle flies”, due to the scurried manner in which
they move. In some species, particularly those that are
commensal in the nests of ants and termites, the wings
are very short or completely reduced (as are the hal-
teres). The family is represented in Baltic amber by
some species (Brues 1923, 1939, Brown 1999).

According to the phylogenetic analysis by HenNiG
(1954, 1964), the record of the family Phoridae further
indicates that both of its most closely related families,
Sciadoceridae and Platypezidae (Clythiidae), also must
have existed in the Eocene “amber forest”. Evidence of
the Platypezidae in amber is still considered to be
uncertain, particularly since the questionable descrip-
tion of the species Oppenheimiella baltica MEUNIER,
1893 can no longer be verified due to the disappearance
of the type material. Great significance was thus attrib-
uted to the report of a Sciadoceridae, which was de-
scribed by MEUNIER and placed in the genus Archiphora
by HENNIG (1964): A. robusta (MEUNIER, 1905).

Only two extant species of Sciadoceridae are known:

Amphiphora patagonica Scamirz, 1927 in southern
Argentina (Patagonia) and Sciadocera rufomaculata
Warre, 1917 in Tasmania and New Zealand. Little is
known about the ecological requirements of the two
extant species. Larvae of the Sciadoceridae may live in
fungi, feeding on the fungi itself and on decaying plant
material. Tt is conceivable that the larvae of the fossil
species also led this kind of lifestyle, especially since
the humid climate in the amber forest would have
favored fungal vegetation.

“The evidence of a fossil species on the northern
continents is what is so unexpected and significant
about this newly discovered inclusion” (HENNIG 1964).
According to HENNIG (1960), the trans-antarctic disper-
sal of the Sciadoceridae over the southern continents
(South America, Australia/New Zealand) can virtually
be ruled out. It is also very improbable that they came
independently to South America and Tasmania/New
Zealand from the northern continents. However, the
two groups may merely be relicts of a global distribu-
tion at the time of the favorable, Eocene climate.

a rufomaculata

patagonica

Fig. 94: a Geographical distribution of the Sciadoceridae, b Archiphora robusta (after Hennig 1964).

Plate 87: Flies (Insecta: Diptera) in Baltic amber VIII.

a Acalyptratae, xO0.

¢ Acalyptratae, x9.

e Phoridae: Scuttle fly, x 14.

g Phoridae: Pair with wingless female, x 17.

Acalyptratae, x 8.

Phoridae: Scuttle fly, x 17.
Phoridae: Scuttle fly, x 15.
Phoridae: Wingless female, x 27.
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2.88 Brachycera in Baltic amber — Insecta: Diptera

Syrphid flies (Syrphidae) are one of the hidden beauties
of the insect world, attracting much less attention than
beetles and butterflies due to their small size. As nectar
and pollen-feeders, they are one of the primary pollina-
tors. Their elegant flight patterns along flowery forest
edges and glades make them easy to discover. Some
syrphid flies mimic stinging bumble bees, bees and
wasps as a form of protection, even against human
beings. The small size of the syrphid flies becomes
irrelevant in amber, overshadowed by the impressive
colors and patterns that have been very well preserved
in some fossil species. The fossil syrphid flies of Baltic
amber were covered by MEUNIER and LoEw, and later on
in great detail by HurLL (1945, 1949, 1958).
Stalk-eyed flies (Diopsidae) have very wide-set eyes
with characteristic eye stalks, the length of which varies

among the Diopsinae. The primitive, African genus
Centrioncus (Centrioncinae) does not have stalked eyes.
The family Diopsidae is currently represented in Baltic
amber by only one species. It is considered to be a
representative of the stem group of the Diopsinae (Hen-
NIG 1965):

Prosphyracephala succini (Loew, 1873)

The distribution of the stalk-eyed flies extends from
Africa to Madagascar, and from India to New Guinea.
Based on its assumed ecological requirements and
morphology, this Eocene amber species is most closely
related to extant species restricted to areas of the Pale-
arctic region that are considered to be refuges of past
forest flora and fauna (Fig. 95b).

a

b

Fig. 95: a Geographical distribution of the Diopsidae, b Prosphyracephala succini (after HeEnnig 1965).

Plate 88: Flies (Insecta: Diptera) in Baltic amber IX.

a-f  Syrphidae: Syrphid flies, a x10, b x23, ¢ x9, d x8, e x10, f x10.

g Diopsidae: Stalk-eyed fly, x 15.
h Pipunculidae: Big-headed fly, x 12.
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2.89 Fleas in Baltic amber — Insecta: Siphonaptera

The Siphanoptera, or fleas, make up a separate order of
the Endopterygota. Their phylogenetic position is not
entirely certain. The Siphanoptera are considered as a
sister group of either the Diptera or, more likely, the
Mecoptera, and in fact the fleas may render the latter
paraphyletic. Over 2,000 species are divided among
sixteen families.

The adults are usually between two and three mil-
limeters long, have a laterally flattened body and a
characteristic keel-shaped head. Instead of compound
eyes, fleas have atypical, lateral ocelli. Both males and
females use the beak to suck blood from warm-blooded
animals. Fleas have setae running in the same direction
from the head to end of the abdomen, thus allowing
them to maneuver unimpeded through the hair and
plumage of their hosts. Typical spines (ctenidia) help
retain the fleas on the host. The distribution of the
spines on the head and body is a reliable characteristic
for identification. Strong claws are used to cling to the
host. The last two pairs of long legs are adapted for
jumping. The biology of the fleas is extensively adapt-
ed to their hosts. Some leave the host soon after en-
gorgement, while others are permanent inhabitants in

) // %
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the host’s fur. Most fleas take blood from mammals,
while a few are specialized on birds. Fleas are most
diverse in the tropics and subtropics.

The discovery of a flea from Baltic amber in 1910
caused a minor sensation among the general public.
Fleas were a much more common subject at that time
and accordingly received mention in the daily press.
Another flea was recorded from amber fifty years later
and further specimens have even been found more
recently, although these equally interesting discoveries
have gone largely unnoticed.

Dawmpr (1911) and Prus (1968) described the two
specimens and placed them in the same genus:

Palaeopsylla klebsiana Dawvpr, 1911
Palaeopsylla dissimilis PEus, 1968

The amber species belong to the family Hystrichopsyl-
lidae, as does the extant species Hystrichopsylla talpae,
which takes blood from moles. The fossil species in
amber are also assumed to have infested the burrowing
insectivores that appear to have been widely distributed
in the Focene, as indicated by specimens found in the
Messel Pit and Geisel Valley.

Fig. 96: Palaeopsylla klebsiana Dampr, 1911 (Hystrichopsyllidae), holotype.

Plate 89: Fleas (Insecta: Siphonaptera) in Baltic amber.

Hystrichopsyllidae: Palaeopsylla dissimilis Prus, 1968, holotype, x92.
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2.90 Lizards in Baltic amber — Vertebrata: Reptilia

The “amber lizard from Ko&nigsberg”, which was de-
scribed by Kiess (1910) and given the name Nucras
succinea by BOULENGER (1917), was long considered to
be the only reptile found in Baltic amber. The fully
intact lizard was the showpiece of the amber museum
founded in Ko6nigsberg in 1889 by the STaNTEN &
Brcker company. This collection was taken over ten
years later by the Geology Institute of Konigsberg
University, where it remained until World War II.

The amber lizard was first mentioned by KiEBs
(1889), who initially classified the specimen in the
family Teiidae, in close relation to the extant genus
Knemidophorus. Two years later, the unique amber
fossil was presented to F. A. BOULENGER (British Muse-
um of Natural History, London), who placed it in the
lacertid genus Nucras of South Africa and pointed out
its great similarity to the extant species Nucras fessel-
lata. In a systematic study conducted later on, Bour-
ENGER (1917) described the amber lizard as Nucras
succinea.

LoveriDGe (1942) included Nucras succinea in a list
of South African copal lizards and expressed doubt
about the authenticity of the inclusion, even though he
had never examined it personally. LoveErDGE (1957)
mentioned in a footnote that the amber lizard Nucras
succinea was embedded in Zanzibar copal. A number of
authors (WeErMuUTH 1966, EstEs 1983, BonMmE 1984,

ScuLEE 1990, PomNar 1992, SpaHr 1993 a) initially sup-
ported LoveriDGE’s authority and his assumption that
the Konigsberg lizard was actually a copal inclusion.

Other authors (Krzeminska & Krzeminski 1992,
GrmvaLDI 1996, Kosmowska-CEranowicz et al.1997)
reported that much of the Konigsberg collection had
been lost during World War II, including the amber
lizard. However, Rirzrkowskr (1996) remarked that “a
significant, albeit small portion” of the Konigsberg
collection survived World War II and is today deposited
in the Institute of Geology and Paleontology of Géttin-
gen University. As it turns out, the famous amber lizard
is indeed among this salvaged material.

All doubt about the authenticity of the specimen was
finally removed by a revision of Nucras succinea and
the identification of co-occurring inclusions, i.e. in the
same piece of amber (including stellate hairs). Together
with other lizard remains from Baltic amber belonging
to the same species, the K&nigsberg specimen was
redescribed and placed in the newly established fossil
genus Succinilacerta (BoaME & WEITSCHAT 1998). A
second, almost completely intact lizard has been found
since then in Holocene coastal sediments near Danzig.
Examination revealed (Borsuk-Biarynicka et al. 1999)
that this juvenile of the Lacertidae is also representative
of Succinilacerta succinea (BourENGER, 1917) (Fig.
97).

Plate 90: Lizards (Vertebrata: Reptilia, Lacertidae) in Baltic amber.

a Lacertidae: Succinilacerta succinea, ventral view with hind legs and tail, x4.
b Lacertidae: Succinilacerta succine1, exposed back with a view of the spinal column, x 10.
¢ Lacertidae: Succinilacerta succinea, toes of the left hind foot, x 12.
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2.91 Bird feathers in Baltic amber — Vertebrata: Aves

The oldest bird feathers preserved in resin originate
from Lower Cretaceous Lebanese amber (ScrLeg 1973).
Together with other Mesozoic bird feathers, they are
close in age to the oldest known feathers of Archaeo-
pteryx from the Jurassic (Malm). Younger Baltic amber
from the Tertiary contains well-preserved bird feathers.
Most specimens are coverts that are similar in structure
to present-day feathers. The size of these feathers can
be used to estimate the size of the birds.

The microstructure of the contour feathers and par-
ticularly the down feathers is a characteristic that indi-
cates phylogenetic relationships to extant families and
genera. Comparative studies by Bacuoren-Ecut (1936,
1944, 1949) suggest that the Tertiary amber forest was
probably populated by passerines (Sitta — nuthatches,
Parus — tits), woodpeckers and representatives of the
genus Momotus, which today occur in Central and
South America. These insectivorous birds nest in trees
and fit in well with the picture of the Baltic amber
forest.

Plate 91 shows the two types of bird feathers embed-
ded in amber: the end segment of a down feather (Plate
91 a,b) and the base of a contour feather (Plate 91 ¢, d).
The small vane from this inclusion consists of regularly
arranged barbs connected to one another by overlap-
ping, parallel barbules to form a continuous surface,
although no hamuli are visible. The vane has down
feathers on each side with barbules displaying succes-
sive nodes like a string of pearls.

The second amber specimen is a small down feather
with long, curved, parallel barbs. They are densely
covered on each side by short barbules, which become
very soft towards the end, have no hamuli and therefore
do not form a tight connection over their entire length.
Down feathers develop before the contour feathers and
are thus often found at the base of the contour feathers.
They can also be located separately between the coverts
as insulation.

Plate 91: Bird feathers (Vertebrata: Aves) in Baltic amber.

a Vane, x35.
¢ End segment of a contour feather, x 10.

b Down of the counter feathers, x 30.
d Four barbs of a contour feather, x 40.
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2.92 Mammalian hair in Baltic amber — Vertebrata: Mammalia

Mammalian hair is much more common in Baltic am-
ber than bird feathers. Most inclusions are tufts of hair
consisting of two different types of hair: underhair,
which is relatively thin (approx. 12 to 17 um) and friz-
zy, and guard hair, which is longer, thicker (approx.
30 um) and straighter. EcksTEmv (1890) and LUHE (1904)
described hair inclusions and made an attempt to assign
them to specific animals or animal groups. ECKSTEIN
believed he had identified a Sciurus species (squirrel)
and a Myoxus species (dormouse). Voigr (1952a,b)
questioned the accuracy of this interpretation, pointing
out that the genus Sciurus first appears in the Miocene.
LuHE compared two hair inclusions with rodent hair
(Myoxidae). Bacroren-EcHT (1944, 1949) also showed
an illustration of a tuft of hair from Baltic amber,
suggesting it stemmed from a dormouse (Glis).

Voicr (1952a,b) subjected fossil mammalian hair
to a detailed analysis and reported that the structure and
definition of the cuticle are important criteria for distin-
guishing mammalian hair. In a comparison of cuticle
samples from various extant mammalian groups, he
concluded that most of the hair inclusions in Baltic
amber stem from sciuromorph rodents. As the evolu-

tion of the rodents is placed in the later part of the
Tertiary, Voiar felt that classification in extant genera
(e.g. Sciurus) would be unjustifiable.

VoictT made a unique paleontological discovery in
one of the hair inclusions shown here. He found the
eggs of parasites attached to several hairs (Plate 92a b),
which are unquestionably from animal lice (Phthirapte-
ra). VoIcT left the question open as to whether the eggs
are from sucking lice (Anoplura) or biting lice (Mallo-
phaga). In his opinion, however, the fact that sucking
lice mainly parasitize rodents is a stronger indication
that the eggs stem from this group. Apart from these
eggs, no other fossil representatives of the suborders
Phthiraptera and Mallophaga are known to exist.

In addition to the direct evidence of mammals in the
Baltic “amber forest” provided by the records of hair,
mammalian parasites point indirectly to the existence
of their hosts. The most famous example in this context
is the “amber flea” of the genus Palaeopsylla (Chap.
2.89), two species of which have been reported from
Baltic amber. The Diptera include several blood-suck-
ers (Culicidae, Tabanidae) that were also probably par-
asites on mammals.

Plate 92: Mammalian hair (Vertebrata: Mammalia) in Baltic amber.

a-b  Hair with nits from animal lice (Phthiraptera), a x20, b x 54.

c Tuft of hair, probably from a rodent, x4.
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A

Abies 44

Acalyptratac 212
Acarthophthalmidae 206
Aceraceae 48, 50
Acheta 112
Acmarthropterus 154
Acreagris crenata 134
Acroceridae 206, 208
Acrocerinaec 208
Acrometa 68, 70, 72
Acrometa cristata 70
Acrydium bachofeni 112
Adelidae 196
Adelomyia 190
Aderidaec 160, 164
Aedes damzeni 204
Aedes hoffeinsorum 204
Aedes perkunas 204
Aedes serafini 204
Acolothripidae 116
Agathis 46

Agathis australis 16
Agelenidae 68, 74, 78
Agonini 154
Agraylea 190
Agrionidae 94
Aleocharinac 158
Alethopteris serrata 40
Aleuropteryginaec 144
Aleyrodes aculeatus 136
Aleyrodidae 136
Allacma pulmosa 86
Allacma pulmosetosa 86
Allacma setosa 86
Amaurobiidae 68, 74
Amaurobius 74
Ambericarda skalskii 130
Ameletopsidac 92
Ametropodidae 92
Amictites 210
Amphientomidae 114
Amphiphora patagonica 212
Ampulicidae 184
Anandrus 70, 72
Anandrus inermis 70
Anaphothrips obscurus 116
Anapidae 68, 72
Anapinae 72
Andrenidae 182
Aneurinae 122
Aneurus ancestralis 122

Anisopodidae 35, 138, 198, 200,
202
Anisopus 202
Anisopus (Sylvicola) splendida 202
Anisopus (Sylvicola) thirionis 202
Anobiidae 160, 164, 166
Anobiinae 166
Anoeciidae 132
Anoctidae 66
Anthicidae 160, 164
Anthobium 158
Anthocoridae 120
Anthomyzidae 206
Anthonominae 168
Anthophoridac 182
Anthribidae 160, 164, 166
Anyphaenidae 68
Aphaenogaster 178
Aphalaridae 136
Aphididae 132
Aphrophora electrina 130
Aphrophora vetusta 130
Aphrophoridae 130
Apiaceae 50
Apidac 182, 184
Apinae 182
Apioninaec 168
Apocynaceae 50
Apoglaesoconis 144
Aquifoliaceae 50
Araceae 50
Aradidae 120, 122
Aradinae 122
Aradus 122
Aradus assimilis 122
Aradus cinnamomeus 122
Aradus consimilis 122
Aradus frater 122
Aradus frateroides 122
Aradus popovi 122
Aradus superstes 122
Araneidae 68, 72, 74, 76
Archaea 70
Archaea paradoxa 68, 70
Archacidae 68, 70, 72, 74
Archaeocrunoecia 190
Archaeoneuroclipsis 190
Archaeopteryx 220
Archaeotinodes 190
Archemyiomma 120
Archepopovia yurii 126
Archiconiocompsa 144
Archiconiocompsa prisca 144, 148

4 Index of Scientific Names

Archiconiopteryx liasina 144
Archiconis electrica 144, 148
Archiphora 212
Archiphora robusta 212
Archipseudophasma 110
Archipseudophasma phoenix 110
Archipseudophasmatidae 110
Archipsocidae 114
Archipsocus puber 114
Archotermopsis tornquisti 108
Archotermopsis wroughtoni 108
Arctiidae 196

Arctorthezia antiqua 134
Argyresthiidae 196
Argyrodes 74
Armadillidiidae 80
Armadillidium pulchellum 80
Artematopidae 160
Arthropleidae 92
Arthropleones 86
Arthropterites 154
Arthropterites klebsi 154
Ascalaphidac 148, 150
Asemini 166

Asilidae 206

Asteiidae 206

Asteraceae 50
Astiphromma brischkei 172
Atelestinae 210

Atelestites senectus 210
Atemnidae 58

Atheta 158

Atractosoma 84

Aulacidaec 184
Aulacigastridae 206
Aulacomyia 190

B

Baetidae 92

Baetis gigantea 92
Baetis grossa 92
Baetisca velteni 92
Baetiscidae 92

Balea antiqua 54
Baltameletus oligocaenicus 92
Balticophasma 110
Balticophasma lineata 110
Balticophlebia henningi 92
Balticorma 72
Balticovelia weitschati 118
Bdellidae 64

Beraeidae 190
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Bereodes 190 Calisiinae 122 Cheliferidae 58

Berothidae 148 Calisius balticus 122 Chenopodiaceae 50
Bethylidae 176, 184 Calisius rietscheli 122 Chernetidae 58, 60
Betulaceae 48, 50 Calisius vonholti 122 Chironomidae 36, 37, 52, 198, 200,
Bibionidae 198, 200 Calisius weitschati 122 204, 206
Bittacidae 186 Calobatidae 206 Chironominae 204
Bittacus 186 Camillidae 206 Chloropidae 206
Bittacus fossilis 186 Campanulaceae 50 Chrysididaec 184
Bittacus minimus 186 Campodea darwinii 86 Chrysomelidae 160, 166
Bittacus succinus 186 Camponotinae 178 Chrysopidae 148, 150
Blaniulus 84 Camponotus 178 Chrysothermis speciosa 208
Blasturophlebia hirsuta 92 Campylopodiella himalayana 42 Chthoniidae 58
Blatella baltica 106 Candodidae 80 Chthonius mengei 58
Blatella furcifera 106 Cantacaderinae 126 Chyromyidae 206
Blatella klebsi 106 Cantharidae 160, 162, 164 Cicadella minuta 130
Blatella latissima 106 Caprifoliaceae 50 Cicadellidae 130
Blatella praecursor 106 Carabidae 154, 160, 164 Cicadidae 130
Blatella pristina 106 Carabinae 154 Cicadula 130
Blatella tenacula 106 Carnidae 206 Cicindelinae 154
Blatella woodwardi 106 Cascadilar 150 Ciidae 160
Blatella yolanda 106 Cascadilar eocenicus 148, 150 Cinetus 172
Blatta baltica 106 Castanea 48 Cinygma baltica 92
Blatta berendti 106 Cecidomyiidae 198, 200 Cistaceae 50
Blattellidae 106 Cedrus 46 Cixiidae 128, 130
Blattidae 106 Cedrus atlantica 16 Cixius cunicularius 130
Blattina succinea 106 Celastraceae 50 Cixius fraternus 130
Bombus 182 Centrioncinae 214 Cixius gracilis 130
Bombyliidae 206, 210 Centrioncus 214 Cixius insignis 130
Bombyliinae 210 Cephidae 172, 184 Cixius loculatus 130
Boreidaec 186 Cerambycidae 160, 164, 166, 176 Cixius longirostris 130
Borkhausenites bachofeni 194 Cerapterites 154 Cixius nervosus 130
Bostrichidae 160, 166 Cerapterites primaevus 154 Cixius sieboldti 130
Bothriomyrmex 178 Ceratinoptera (Blatta) didyma 106 Cixius succineus 130
Brachelodes motschulskyi 162 Ceratinoptera cruenta 106 Cixius vitreus 130
Brachycentridae 190 Ceratinoptera klebsi 106 Clambidae 160
Brachycentrus 190 Ceratinoptera miocenica 106 Clausiliidae 54
Brachyderinae 168 Ceratinoptera soror 106 Clavigerinae 158
Brachymeria 174 Ceratocombidae 120 Clavimyiomma 120
Braconidae 60, 172, 184 Ceratomerinae 210 Cleridae 66, 160, 162, 166
Brassicaceae 50 Ceratopogonidae 198, 200, 204, 206  Clethraceae 50
Brevitibia intricans 92 Ceratoteleia 174 Clinoceratinae 210
Bryocharis 158 Ceratoteleia proleptica 174 Clivinini 154
Bryocorinae 120 Cercopidae 130 Clubionidae 68, 76
Buchonomyiinae 204 Cercopis melaena 130 Clusiidae 206
Buprestidae 160 Cerophytidae 160, 166 Clya 70
Buthidae 56 Chaeteessidac 104 Clythiidae 212
Byrrhidae 160 Chalcididae 174 Coccinellidae 160
Byturidae 160 Chamaecyparis 44 Coelidia immersa 130
Chamaemyiidaec 206 Coelidia spinicornis 130
C Chaoboridae 198, 200, 204 Coclidiidae 130
Charmus 56 Collarhamphus mixtus 124
Caddidae 62 Chauliodes 138 Colopscenia 136
Caddo 62 Chauliodes prisca 138, 140 Colydiidac 160, 164
Caddo dentipalpus 62 Chauliosialis sukatshevae 138 Colymbetinae 156
Caddonidae 62 Cheilolejeunea 42 Commelinaceae 50
Caeciliidae 114 Cheiridiidae 58 Compositae 50
Caeculidae 64 Cheiridium hartmanni 58 Coniferac 44
Calamoceratidae 190 Cheiromachus coriaceus 62 Coniocompsa 144

248



Coniopterygidac 144, 148
Coniopteryginae 144
Coniopteryx 144
Coniopteryx enderleini 144
Coniopteryx timidus 144, 148
Coniortes timidus 144
Connaraceae 50
Conopidae 206
Conostigmus 172
Copostigma affinis 114
Corethrella miocenica 204
Corethrella prisca 204
Corethrellidae 198, 200, 204
Corinnidae 68
Corixidae 36, 118
Corsomyza 210
Corydalidaec 138, 140
Corylophidae 160
Corynetinae 210
Cossoninae 168§
Crabronidae 182, 184
Crangonycidae 80
Craspedosoma 84
Craspedosoma affine 84
Craspedosoma angulatum 84
Craspedosomatidac 84
Cremastogaster 178
Cretochaulus lacustris 138
Cronicus anomalus 92
Cronicus major 92
Cruciferae 50
Cryptochetidac 206
Cryptophagidaec 160, 164
Cryptopsidae 82
Cryptorhynchinae 168
Cryptoserphus 172
Crytops 82
Ctenidae 68
Ctenizidae 68, 72
Ctenizinaec 72
Ctenoplectrella viridiceps 182
Cucujidae 160
Culex erikae 204
Culicidae 198, 200, 204, 222
Cupedidae 152, 160
Cupes 152
Cupressaceaec 44, 50
Curculionidae 158, 160, 164, 166,
168
Custodela 70
Custodela cheiracantha 70
Cyatholipidae 68, 72, 74
Cycadinae 44
Cyclocypris 80
Cyclostomatidae 54
Cylapinae 120
Cylleniinae 210
Cynipidae 184

Cyphon 162

Cyphon krynyckyi 162

Cyphon pallasi 162

Cyphon shevyrevi 162
Cyphonogenius zakhvatkini 162
Cypselosomatidac 206
Cyrtosiinaec 210

D

Dascillidae 160
Deinopidae 68, 72
Deltocephalus 130
Deracocorinae 120
Deraeocoris balticus 120
Dermestidae 160
Diapriidae 172, 184
Diastatidae 206
Dicranopalpus 62
Dicranopalpus palmnickensis 62
Dicranopalpus ramiger 62
Dicteriadidae 94
Dictynidaec 68, 74
Dictyophara reticulata 130
Dictyopharidae 130
Dilaridae 148, 150
Dilarinae 150
Dilleniaceac 50
Diopsidae 206, 214
Diopsinae 214
Diplectrona 190
Dipluridac 68, 72
Dipoena 70, 74
Dipseudopsidaec 190
Dipterocarpaceac 48
Dixa minuta 204

Dixidae 198, 200, 204
Dolichoderinae 178
Dolichoderus 178
Dolichoderus bituberculatus 124
Dolichopodidae 52, 66, 206, 210
Dorcatominae 166
Dorylinae 178
Drepanosiphidaec 132
Dromius 154

Droseraceae 50
Drosophilidae 206
Dryinidae 176, 184
Dryomyzidac 206
Dryophyllum 48
Dryopidae 160, 162
Dysderidae 68, 74
Dytiscidae 156, 160

E

FEatoniana 64
Ecnomidae 190

Ectobiidae 106

Ectobius balticus 106
Ectobius inclusus 106
Elachistidac 196

Elateridae 160, 162, 164
Electra formosa 208
Electra kowalewskii 54
Electracanthinus 190
Electragapetus 190
Electraphididaec 132
Electrapis krishnorum 182
Electraulax 190
Electrinocella peculiaris 142
Electrobaculum gracile 110
Electrobittacus antiquus 186
Electrocerum 190
Electrochelifer balticus 58
Electrocrunoecia 190
Electrodiplectrona 190
Electroembia 100
Electroembia antiqua 100
Electrogenia dewalschei 92
Electrogerris kotashevichi 118
Electrohelcon 172
Electrohelicopsyche 190
Electrohelicopsyche taenica 190
Electroisops 120
Electromyiomma 120
Electromyiomma weitschati 120
Electromyzus acutirostris 132
Electropsilotes 190
Electrotermes affinis 108
Electrotermes girardi 108
Electrotrichia 190
Electrovelia baltica 118
Elephanomyia pulchella 198
Elipsocidae 114

Elmidae 160

Elodes 162

Elodidae 162
Embidopsocus saxonicus 114
Embiidae 100
Embolemidae 184
Emesinae 124

Empididae 206, 210
Enchytraeidae 52
Encyrtidae 174, 176
Endomychidaec 160
Enicocephalidae 120, 124
Entomobrya pilosa 86
Entomobryidac 86
Eogyropsylla 136
Eogyropsylla eocenica 136
Eogyropsylla jantaria 136
Eogyropsylla magna 136
Eogyropsylla parva 136
Eomortoniellus handlirschi 112
Eomysmena 74
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Eopauropus balticus 82
Eopaussus 154
Eopaussus balticus 154
Eoxyloecus 182
Epallagidae 94
Ephalmatoridac 68
Ephedra johnianus 44
Ephedra mengeana 44
Ephedrites 44
Ephemerellidae 92
Epipsocidae 114
Epipsocus ciliatus 114
Ericaceaec 50
Erigoninae 74

Erotesis 190, 192
Erotylidae 160
Erythraeidac 64, 66
Eucinetidaec 160
Eucnemidae 160, 164
Eulonchiella 208
Eupelmidae 174, 184
Euphorbiaceae 50
Euscelidae 130
Eutanyderus 202
Euthyrrhapha pacifica 106
Euthyrrhaphidae 106
Evania producta 172
Evaniidae 172, 184

F

Fabronia ciliaris 42
Fagaceae 48, 50

Fagus 48

Fera venatrix 148
Fibla carpenteri 142
Fibla erigena 142
Figitidae 174, 184
Flata cunicularia 130
Flata nervosa 130
Flatidae 130

Forficula 102

Forficula baltica 102
Forficula klebsi 102
Forficula praecursor 102
Forficula pristina 102
Forficulidae 102
Formica 178
Formicidae 138, 178, 184
Formicinae 178, 180
Frullania schumannii 42
Fulgoridae 130
Fungivoridae 198

G

Gaggrellidae 62
Gammaridae 80
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Gammarus pulex 80
Gammarus roeseli 80
Ganonema 190

Garypidae 58

Gelechiidae 196
Geophilidae 82

Geophilus 82

Geophilus brevicaudatus 82
Georgium 190
Geraniaceac 50
Germaraphis 132, 180
Germaraphis dryoides 132
Germaraphis oblonga 132
Gerridae 118

Gerris 118

Gheynia bifurcata 52
Glaesamictus 210
Glaesoconis 144
Glaesoconis cretica 144
Glaesoconis fadiacra 144
Glaesoconis nearctica 144
Glaesotropis minor 166
Glaesotropis weitschati 166
Glis 222

Glomeridac 84

Glomeris denticulata 84
Glossosomatidaec 190
Glyptapis 184

Glyptapis fuscula 184
Glyptostrobus 44
Gnaphosidae 68, 76, 78
Gnetinac 44

Goera 190

Goeridae 190

Gonyleptes nemastomoides 62
Gonyleptidae 62
Gracillariidae 196
Gryllidae 112

Gyantidae 62

Gyrinidae 156, 160
Gyrinoides limbatus 156
Gyrinus 156

H

Hahniidae 68

Halictidae 182, 184
Hamamelidaceae 48, 50
Haplocladium angustifolium 42
Harpactospecion 176
Harpactospecion filicornis 176
Harpalini 154

Heleomyzidae 206

Helicidae 54

Helicopsyche 190
Helicopsychidae 190, 192
Heliocharitidae 94
Heliodinidae 196

Heliozelidae 196

Helix 54

Helodes egregia 162

Helodes minax 162

Helodes modesta 162

Helodes setosa 162

Helodes transversa 162

Helodidae 162

Helodopsis solskyi 162

Hemerobiidae 148, 150

Hemerodromiinae 210

Heminiphetia fritschi 144, 148

Hemisemidalis kulickae 144

Hemisemidalis sharovi 144, 148

Heptagenia 92

Heptagenia (Kageronia) fuscogri-
sea 92

Heptagenia atypica 92

Heptagenia bachofeni 92

Heptagenia gleissi 92

Heptagenia ligata 92

Heptagenia senex 92

Heptageniidae 36, 90, 92

Hersiliidae 68, 72, 78

Heteroceridae 160

Heterothripidae 116

Heterotypus septentrionalis 112

Heydenius 52

Hippocastanaceae 50

Histeridae 160

Holocentropus 190

Holocentropus affinis 188

Holocentropus consobrinus 190

Holocentropus scissus 192

Holocompsa fossilis 106

Hololampra succini 106

Homalocerinae 210

Hormaphididae 132

Hyalina 54

Hyalina alveolus 54

Hyalina gedanensis 54

Hybotinae 210

Hydrobiosidae 192

Hydrometridae 118

Hydrophilidae 160

Hydroporinae 156

Hydropsyche 190

Hydropsychidae 190

Hydroptilidae 190

Hylobittacus 186

Hyloniscus riparius 80

Hymenaea courbaril 11

Hyphydrus 156

Hypoclinea (Dolichoderus) tertia-
ria 124

Hypogastrura intermedia 86

Hypogastrura protoviatica 86

Hypogastruridae 86



Hyptiotes 74
Hystrichopsylla talpae 216
Hystrichopsyllidae 216

I

Tassidae 130

lassus homousius 130
lassus punctatus 130
Ichneumonidae 60, 172, 184
Incurvariidae 196
Inocelliidae 142

Intercader weitschati 126
Isaecidac 80

Ischnoptera (Blatta) gedanensis 106
Ischnoptera klebsi 106
Ischnoptera perplexa 106
Isobrachium 176
Isometopinae 120
Isometopsallops schuhi 120
Isoperla succinica 98
Isotoma crassicornis 86
Isotoma protocinerea 86
Isotomidac 86

Issidae 130

Issus reticulatus 130
Ixodes 64

Ixodes ricinus 64

Ixodes succineus 64
Ixodidae 64

J
Juglandaceae 48
Julidae 84

Julus laevigatus 84
Jungermannites 40
Juniperus 44
Juraconiopteryx zherichini 144

K

Kageronia 92
Kalotermitidae 108
Keroplatidae 198
Knemidophorus 218
Kulickamia jantaris 130

L

Labidura 102
Labiduridae 102
Laccophilinae 156
Lacertidae 218
Lagynodes 172
Lampropholis dubia 88
Lampyridae 160
Laseola 74

Lasius 178, 180
Lathridiidae 160, 164
Lathrobium 158
Lauraceae 50
Lauxaniidae 206
Lebiini 154

Leiodidae 160
Lepidocyrtus ambricus 86
Lepidostomatidac 190
Lepidothrix pilifera 88
Lepidotrichidac 88
Lepismatidae 88, 170
Leptoceridae 190, 192
Leptonetidae 68
Leptophlebiidae 92
Leptothorax 178
Leptotyphlinaec 158
Lepturini 166

Leptus 66
Lestodryinus 176
Leuctra fusca 98
Leuctra gracilis 98
Leuctra linearis 98
Leuctra minuscula 98
Leuctridae 96, 98
Libocedrus 44

Licea 40

Liceaceae 40

Ligia 80

Ligiidae 80

Liliaceac 50

Limnacis 118
Limnacis hoffeinsi 118
Limnacis succini 118
Limnephilidae 192
Limnichidae 160
Limoniidae 198
Limoniinae 52, 60, 66, 198
Linyphiidae 68, 70, 72, 74, 78
Liobunum inclusum 62
Liobunum longipes 62
Liocranidae 68, 76
Liodes 64
Liometopum 178
Liposcelidae 114
Lipotactes bispinatus 112
Lipotactes martynovi 112
Lithax 190

Lithax herrlingi, 190
Litheuphaea ludwigi 94
Lithobiidae 82
Lithobius 82
Lithobius longicornis 82
Lithobius maxillosus 82
Lithobius planatus 82
Lithurginae 182
Liturgusidae 104
Lonchaeidae 206

Lophyrophorus flabellatus 208
Loranthaceae 44, 50
Lucanidae 160, 166

Lychas 56

Lycidae 160

Lygaeidae 120

Lymexylidae 160
Lyonetiidac 196

Lype 190

Lyssomaninae 72
Lythopsenella 176
Lythopsenella kerneggeri 176

M

Machilidae 88

Machilis 88

Machilis acuminata 88
Machilis albomaculata 88
Machilis anguea 88
Machilis boops 88
Machilis caestifera 88
Machilis capito 88
Machilis confinis 88
Machilis corusca 88
Machilis diastatica 88
Machilis electra 38
Machilis imbricata 88
Machilis longipalpa 88
Machilis macrura 88
Machilis palaemon 88
Machilis saliens 88
Machilis seticornis 88
Macrocerinae 200
Macrochile baltica 202
Macrochile spektrum 202
Macropsidae 130
Macropsis homousia 130
Macropsis minuta 130
Madasumma europensis 112
Magnoliaceae 50
Maniconeurodes 190
Mantidae 104

Mantis religiosa 104
Mantispidae 148
Mantoididae 104
Margarodidae 134
Margattea (Blatella) germari 106
Margattea (Blatella) lorenmeyeri 106
Marilia 190

Marilia altrocki 192
Mastigusa 74
Mastopoma 42
Mastotermitidae 108
Matsucoccidae 134
Matsucoccus 134
Matsucoccus pinnatus 134
Medon 158
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Megabunus 62
Megachilidae 182, 184
Megachilinae 182
Megaleuctra 98
Megaleuctra neavei 96, 98
Megalyridae 172, 184
Megamerinidae 206
Megapodaphis 132
Megapodaphis monstrabilis 132
Megaspilidae 172, 184
Melandryidae 160, 164
Melastomataceae 48
Melittidae 182, 184
Meloidae 160

Melyridae 160

Mengea tertiaria 170
Mengeidaec 170
Mermithidae 36, 52
Merothripidae 116
Merrilliobryum. fabronionides 42
Metoisops 120

Metretopus henningseni 92
Metretopus trinervis 92
Metrocephala anderseni 118
Mezira succinica 122
Mezirinae 122

Microcara 162

Microcara dokhturovi 162
Microcara kuznezovi 162
Microcara znoijkoi 162
Microcara zubkovi 162
Microcharmus 56
Microcytis kaliellaformis 54
Micropezidae 206
Microphorinae 210
Micropterygidae 196
Microtypus 172
Microtypus triangulifer 172
Milichiidae 206
Mimetidae 68, 72, 78
Mindaridae 132

Mindarus magnus 132
Miridae 120

Mirinae 120

Mitostoma denticulatum 62
Mochlonyx sepultus 204
Molanna 190

Molannidae 190
Molannodes 190

Momotus 220
Monodontomerus 174
Monomorium 178
Mordellidae 160, 164
Musaceae 48

Muscites 40, 230
Muscites tortifolius 42
Mutillidae 184

Mycetobia 202
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Mycetobia connexa 202
Mycetobia defectiva 202
Mycetobia longipennis 202
Mycetobia platyuroides 202
Mycetophagidae 160, 164
Mycetophilidae 66, 198, 200
Mymaridae 172, 174, 176, 184
Mymarommatidae 174, 184
Mymarommatoidea 174
Myoxus 222

Myricaceae 50

Myrmecia 178
Myrmeciidae 68
Myrmecolacidae 170
Myrmeleontidae 150
Myrmica 178

Myrmicinae 178
Myrsinaceae 50

N

Nabidae 120

Najadaceae 50
Nallachiinae 150
Nannochoristidae 186
Nanophyinae 168
Neadelphus protae 148, 150
Nemasomatidae 84
Nemastoma clavigerum 62
Nemastoma incertum 62
Nemastoma succineum 62
Nemastoma tuberculatum 62
Nemastomatidae 62
Nemoura affinis 98
Nemoura lata 98
Nemoura ocularis 98
Nemoura puncticollis 98
Nemouridae 98
Neobisiidae 58

Neobisium extinctum 58
Neodelphus protae 150
Neodryinus 176
Neolimnomyia 198
Neosemidalis 144
Neozinae 210

Nephilinae 72

Nepidae 118

Nepticulidae 196
Nesticidae 68, 70, 72
Neureclipsis 190
Neurorthidae 146, 148
Neurorthus 146
Neurorthus fallax 146
Niphargidae 80
Nipponolejeunea 42
Nipponolejeunea europaea 42
Nipponolejeunea pilifera 42
Nipponolejeunea subalpina 42

Nitidulidae 160
Noctuidae 196
Nothomyrmecia 178
Notonectidae 118
Notorrhina 166
Notoscyphus lutescens 42
Nucras 218

Nucras succinea 218
Nucras tessellata 218
Nyctibora succinica 106
Nyctiboridae 106
Nyctiophylacodes 190
Nyctiophylax 190
Nymphidae 148
Nymphomyia succinea 200
Nymphomyiidae 198, 200

0

Ocellia articulicornis 86
Ocydromiinae 210
Odiniidae 206
Odontoceridaec 190, 192
Oecobiidae 68, 72
Oecophoridae 194, 196
Ocdemeridae 160
Ogmomyia 190
Olacaceae 50
Oleaceae 50

Oliarus oligocenus 130
Oligochelifer berendtii 60
Oligochernes bachofeni 60
Oligoneuriidae 92
Oligoplectus 52
Omalinae 158
Onichiuridae 86
Oniscidae 80
Oniscoidea 80
Oniscus cinvexus 80
Oonopidae 68, 70, 74
Opadothripidae 116
Opilio corniger 62
Opilio ovalis 62
Opilio ramiger 62
Opiliones 56, 60, 62
Oppenheimiella baltica 212
Orchesella eocaena 86
Orchestina 70, 74, 78
Orchestina tubulosa 68
Orectochilus 156
Oribatidae 64
Ortheziidae 134
Orthocladiinae 204
Orthotylinae 120
Osmylidae 146, 148
Otiorrhynchinae 168
Oxalidaceae 50
Oxalidites 48



Oxyopidae 68
Oxytelinae 158

|

Paederinae 158

Paidium crassicorne 86
Paidium pyriforme 86
Palaeagapetus 190
Palaeoakentrobuthus knodeli 56
Palaeoamictus 210
Palaeobethylus 176
Palaeocrunoecia 190
Palaeofigites 174
Palaeogammarus 80
Palacogammarus balticus 80
Palacogammarus danicus 80
Palaeogammarus sambiensis 80
Palaeogonomyia 198
Palaeohelicopsyche 190, 192
Palaeolepidostoma 190
Palaeolepidostoma proavum 190
Palaeolychas balticus 56
Palaeomymar 174
Palaeoprotobuthus pusillus 56
Palaeopsylla 36, 222
Palaeopsylla dissimilis 216
Palaeopsylla klebsiana 216
Palaeoriohelmis samlandica 162
Palaeosiphon hirsutus 132
Palaeotityobuthus longiaculeus 56
Paleoaphalaridae 136
Paleocader avitus 126
Paleocader quinquecarinatus 126
Paleocader strictus 126
Paleomelitta nigripennis 182
Paleomelittidae 182, 184
Paleopsylloides oligocaenica 136
Pallopteridac 206

Palmeae 350

Panorpa 186

Panorpa mortua 186

Panorpa obsoleta 186
Panorpidae 186

Panorpodes 186

Panorpodes brevicauda 186
Panorpodes hageni 186
Panorpodidae 186

Pantolyta 172

Paonaupactus sitonitoides 31
Papilionaceae 50

Papilionidae 196
Paracorsomyza 210
Paracorsomyza crassirostris 210
Paradixa distans 204

Paradixa filiforceps 204
Paradixa succinea 204
Paraleptophlebia pisca 92

Parascenia weitschati 136
Parasialidae 138
Parasialis 138
Parasitengona 64
Parastylotermes robustus 108
Parmacella succini 54
Parmacellidac 54

Parus 220

Passaloecus 182
Patzea 44

Patzea gnetoides 44
Pauropodidae 82
Paussinae 154
Pecopteris humboldtiana 40
Pelecinidae 184
Pemphigidae 132
Pemphredonidac 182, 184
Pentaphylaceae 50
Pentatomidae 120
Periplaneta succinica 106
Perisphaeriidae 106
Perissomyia 190

Perla prisca 98

Perlidae 96, 98
Perlodes resinata 98
Perlodidae 31, 96, 98
Permosialidae 138
Permosialis 138

Peziza (Pezizites) candida 40
Pezizites 40

Phaetempis lebanensis 210
Phalacridae 160
Phalangiidaec 62
Phalangodidae 62
Phasmatidae 110
Philodromidae 68, 76
Philonthus 158
Philopotamidae 190
Philopotamus 190
Philopotinae 208
Philotarsidae 114
Phlaeothripidae 116
Pholcidac 68, 78
Phoridae 206, 212
Phryganea 190
Phryganeidaec 190
Phryssonotus 84
Phryssonotus hystrix 84
Phylinae 120

Phylliidae 110
Phyllodromiidae 106
Phylocentropus 190
Phytocoris 120

Picea 44

Piesmatidae 120
Pinaceaec 44, 46, 50
Pinites succinifera 13
Pinoideac 46

Pinus 44, 134

Pinus succinifera 13, 46, 134, 196
Pipunculidaec 206, 214
Pisauridae 68

Pittosporaceae 50

Plagiocyphon 162
Plagiocyphon plavilschikovi 162
Plagiolepis 178
Platycnemididae 94
Platycnemis antiqua 94
Platymeris insignis 124
Platypezidae 212

Platypodinae 36, 168

Plectidae 52

Plectreuridac 68

Plectrocnemia 190, 192
Pleurarthropterus 154
Pleurarthropterus andreei 154
Pleurarthropterus antiguus 154
Pleurarthropterus aterrimus 154
Pleurarthropterus balticus 154
Pleurarthropterus fritschi 154
Pleurarthropterus hagedorni 154
Pleurarthropterus hermenaui 154
Pleurarthropterus kuntzeni 154
Pleurarthropterus schaufussi 154
Pleurarthropterus simoni 154
Pleurarthropterus skwarrae 154
Pleurarthropterus subtilis 154
Plutellidae 196

Poaceae (= Gramineae) 50
Podocarpaceae 44

Podocarpites kowalewskii 44
Podocarpus 44

Podonominae 204

Podura fuscata 86

Podura pulchra 86

Poduridaec 86

Poiocera nassata 130

Poiocera pristina 130
Polycentropodidae 188, 190, 192
Polydesmidae 84

Polydesmus 84

Polygonaceae 50

Polyphaga fossilis 106
Polyphagidac 106
Polypodiaceae 40

Polyporaceae 164

Polyporus 122

Polyxenidae 84

Polyxenus 84

Polyxenus conformis 84
Polyxenus ovalis 84
Polyzonidae 84

Polyzonium 84

Polyzosteria parvula 106
Polyzosteria tricuspidata 106
Pompilidac 182, 184
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Ponera 178

Ponerinae 178

Porcellio cyclocephalus 80
Porcellio granulatus 80
Porcellio notatus 80
Porcellionidae 80

Potamyia 190

Praemachilis cineracea 88
Prigecma 152
Prionomyrmecinae 178
Prionomyrmex 178
Prionomyrmex janzeni 178
Pristapenesia primaeva 176
Proberotha prisca 148
Proctotrupes 172
Proctotrupidaec 172, 184
Prodinapsis 172

Prodinapsis succinalis 172
Proelectrotermes berendti 108
Proglabellula 210
Progonatemnus succineus 58
Pronymphes mengeanus 148
Prophlebonema resinata 148
Proplatypygus 210
Propsychopsis 148
Propsychposis hageni 148
Propsychposis helmi 148
Propsychposis lapicidae 148
Proptilocerus dolosus 124
Prospadobius moestus 148
Prosphyracephala succini 214
Proteaceac 50

Proteininae 158
Protocerapterus 154
Protocerapterus incola 154
Protocerapterus primigenius 154
Protoscena baltica 136
Protosialis 140
Protosmylinae 148
Protosmylus 148

Protosmylus pictus 148
Protracheoniscus politus 80
Protroglophillus sukatshevae 112
Psallopinae 120

Pselaphidae 158, 160, 164
Pselaphinae 158
Pseudoberaeodes 190
Pseudogarypidae 58
Pseudogarypus extensus 58
Pseudogarypus hemprichii 58
Pseudogarypus minor 58
Pseudolimnophila producta 198
Pseudomyrmecinae 178
Pseudoperla gracilipes 110
Pseudophasmatidae 110
Pseudophyllodromia succinica 106
Pseudopomyzidae 206
Psilidae 206
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Psocidae 114

Psocidus 114

Psocidus affinis 114
Psocidus multiplex 114
Psychidae 196
Psychodidae 198, 200
Psychomyiidae 190
Psychopsidae 148
Pteromalidaec 174
Pterostichini 154
Ptiliidae 152, 160
Ptilocerus ochraceus 124
Ptilodactylidac 160, 162
Ptilodactyloides stipulicornis 162
Pryelus carbonarius 130
Pupillidae 54

Putoidac 134
Pycnochelifer kleemanni 60
Pygidicrana 102
Pygidicranidae 102
Pyralidae 196
Pyrochroidae 160
Pyrolaceae 50

Pythidae 160

Q

Quercites 48
Quercus 48

R

Rachicerinae 206, 208
Radula oblongifolia 42, 231
Raphidia 142

Raphidia baltica 142
Raphidiidae 142
Raptophasma kerneggeri 110
Redubinotus liedtkei 124
Redubitus centrocnemarius 124
Reduviidae 120, 124
Reticulitermes antiquus 108
Reticulitermes minimus 108
Rhagionidae 206, 208
Rhamnaceae 50

Rhantus 156

Rhaphidophora antiqua 112
Rhaphidophora tachycinoides 112
Rhaphidophora zeuneri 112
Rhaphidophoridae 112
Rhinotermitidae 108
Rhipiphoridae 160, 164
Rhithrogena sepulta 92
Rhizophagidae 160
Rhyacophila 190
Rhyacophilidae 190
Ricaniidae 130

Rophalis amissa 146, 148

Rophalis relicta 146, 148
Rosaceae 48, 50

Rubiaceae 50

S

Sabacon 62

Sabacon bachofeni 62
Sabaconidae 62

Saicinae 124

Saldidae 120

Salicaceae 50

Salticidae 68, 70, 72, 74, 76, 78
Santalaceae 50
Saxifragaceae 48, 50
Scarabaeidae 152, 160, 166
Scatopsidae 198, 200
Scelionidae 174, 184
Schizoneurites 132
Schizopteridae 120
Sciadocera rufomaculata 212
Sciadoceridae 206, 212
Sciaridae 52, 198, 200
Sciomyzidae 206
Scirtidae 37, 156, 160, 162, 164
Sciurus 222
Sclerosomatinae 62
Scolebythidae 176, 184
Scolopendra 82
Scolopendra proavita 82
Scolopendrella 82
Scolopendridae 82
Scolytinae 164, 166, 168
Scopaeus 158

Scorpio schweiggeri 56
Scotolemon nemastomoides 62
Scraptiidae 160, 164
Scrophulariaceae 50
Scutigera 82

Scutigera illigeri 82
Scutigera leachi 82
Scutigerella 82
Scutigeridae 82
Scydmaenidae 158, 160, 164
Scythrididae 196
Scytodes weitschati 68
Scytodidae 68

Segestria 74

Segestriidae 68, 74
Selenopidae 72
Sembilanocera 174
Sembilanocera clavaia 174
Semidalis 144

Semidalis copalina 144
Sepsidae 206

Sequoia 44
Sericostomatidae 190
Serropalpidae 164



Sesiidae 196

Setodes 190

Sialidae 138, 140

Sialis 140

Sialis (Protosialis) baltica 140
Sialis groehni 140

Silo 190

Silphidaec 160

Silvicola 202
Simuliidae 198, 200, 204
Sinalda baltica 126
Sinalda froeschneri 126
Siphlonuridae 92
Siphlonurus dubiosus 92
Siphloplecton jaegeri 92
Siphloplecton macrops 92

Siricidae 172, 184
Sisyridae 146, 148
Sitta 220

Sminthuridac 86
Sminthurus brevicornis 86
Sminthurus longicornis 86
Sminthurus ovatulus 86
Sminthurus succineus 86
Sojanasialis 138

Soricidae 36

Sparassidac 68, 76

Spatiator praeceps 68, 74
Spatiatoridac 68, 74, 78
Sphaeropsocidac 114
Sphaeropsocus kuenowi 114
Sphaleropalpus 190
Spheciformes 182
Sphindidae 160

Sphingidae 196

Spinilipus kerneggeri 74
Spinilipus teuberi 72
Sporotrichites heterospermus 40
Staphylinidaec 158, 160, 164
Staphylininae 158
Stemonitis splendens cf. succini 40
Stenamma 178
Stenogryllodes brevipalpis 112
Stenolophinini 154
Stenopsyche 190
Stenopsychidae 190, 192
Stenoptilomyia 190
Stephanidae 184
Stephanopinae 72
Stichotrema 170
Stichotrema triangulum 170
Stichotrema weitschati 170
Stratiomyidae 206
Strichotrema eocaenicum 170
Strophingia oligocaenica 136
Succinapis micheneri 182
Succinarthropterus 154
Succinarthropterus helmi 154

Succinarthropterus kolbei 154
Succinarthropterus kiihnlii 154
Succineogerris larssoni 118
Succinilacerta 218
Succinilacerta succinea 218
Succinilipus saxoniensis 74
Succinilipus teuberi 74
Succinogenia larssoni 92
Succinotettix chopardi 112
Sylvicola 202

Symmocidae 196

Symphyodon 42
Symphypleones 86

Symploce (Blatella) antigua - 106
Synotaxidae 68, 70, 72
Synxenidae 84

Syrphidae 206, 214

T

Tabanidae 206, 208, 222
Tachydromiinae 210
Tachyporinae 158
Tachyporus 158
Taeniopterygidae 98
Taeniopteryx ciliata 98
Taeniopteryx elongata 98
Talpidae 36

Tanyderidae 198, 200, 202
Tanypodinac 204
Taxodiaceae 44, 50
Telemidae 68
Temnopteryx klebsi 106
Tenebrionidae 160
Tenthredinidaec 172, 184
Termitidae 108
Termopsidae 108
Termopsis bremii 32, 108
Tetrablemmidae 72
Tetrablemminae 72
Tetracampidac 174, 184
Tetracha carolina 154
Tetragnathidae 68
Tetrigidae 112

Tettigella proavia 130
Tettigella terebrans 130
Tettigellidae 130
Tettigometridae 130
Tettigonidae 112
Thamnotettix 130
Thaumaleidae 204
Thaumastocoridae 120
Thaumatodryinus 176
Theaceae 50

Thelaxidae 132
Theraphosidae 68
Therevidae 206
Theridiidae 68, 70, 74, 76, 78

Theridiosomatidae 68, 72
Thomisidae 68, 72, 76
Thremmatidae 192
Thripidae 116
Throscidae 160
Thuites 44
Thymelacaceae 50
Tiliaceae 50
Timpanoga viscata 92
Tineidae 196
Tingicader cervus 126

Tingidae 120, 126
Tinginae 126
Tipulidae 60, 138, 198, 200

Tipulinae 198
Tityobuthus 56

Tityus eogenus 56
Tomoceridae 86
Tomocerus taeniatus 86
Tortricidae 196
Torymidae 174, 184
Trachelipidae 80
Trachodinae 168
Trametes 122

Trechini 154
Trichoceridae 198, 200
Trichogryllus macrocercus 112
Trichoniscidae &0
Trichoniscus asper 80
Trichopsocidae 114
Trichostegia 190
Tricinites cretaceus 210
Tricolpopollenites 48
Triplectides 190
Tritophania patruelis 130
Trocholejeunca 42
Trogiidae 114
Trogossitidae 160
Tychtodelopteridae 138
TBchtodelopterum 138
Bphlocyba encaustica 130
TByphlocyba resinosa 130

U

Ulmaceae 50
Ulmerodina 190
Uloboridae 68, 74
Umbelliferac 48, 50
Urocteinae 72
Urodontidae 160
Uropodidae 66
Urticaceae 50

v

Veliidae 118
Vermileonidae 206
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Vertigo hauchecornei
Vertigo kiinowii 54
Vespidae 184
Vespoidea 178, 180
Vetus 52

Villalites 208
Villalus 208
Vitaceae 50
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54

W

Widdringtonia 44
Wormaldia 190

X

Xenophlebia aenigmatica 92
Xylocopinag 182
Xylomyidae 206
Xylophagidae 206, 208

Y
Yponomeutidae 196

V/

Zamiophyllum sambiense
Zodariidae 68, 74
Zonitidae 54

Zuphiini 154

Zygiella 74
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