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Abstract

Amber, its origin, deposits and strati-
graphic position in the World is presented.
The process of amberization and fossiliza-
tion of an insect in resin is briefly outli-
ned. Data about inclusions of planthop-
pers, froghoppers, treehoppers and leaf-
hoppers (Hemiptera: Archaeorrhyncha et
Clypaeorrhyncha) are given. The fossil
record of the relevant families is presen-
ted. Families and species described from
fossil resins up to the present are listed
and some of them additionally commented.
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Introduction

What is amber?

"... When the warm kingdom of the amber pine and its seas set,

cooled and froze beneath a thick glacial mass, only amber itself survived;

the living sap of a dead tree"

Stefan ZEROMSKI The Sea Breeze (1922)

Amber is fossilized tree-derived resin that

is found in the geological record from the

Devonian through the present day (GRIMALDI

1996, KRUMBIEGEL & KRUMBIEGEL 1996a,

PoiNAR 1992). Frequently, resins found in

geologically old strata are named amber, while

more recent and semi-fossilized resins are not

considered proper amber and are known under

the name of copal. On the other hand, some

authors regard copals as resin of angiosperm

plants of the families: Mimosaceae, Caesalpi-

niaceae, Fabaceae (Fabales) and Dipterocar-

paceae (Theales = Hypericales), and amber as

fossilized resin of gymnosperm trees of the

families Pinaceae and Araucariaceae. Radical

"purists" understand amber as referring specifi-

cally to the resins of the Baltic amber group,

i.e. Baltic amber - also called succinite, Bit-

terfeld amber (named also Saxonian amber),

Danish amber, amber of Oise in France, and

Ukrainian amber. Others use copal only of the

resin of Caesalpiniaceae, of Hymenaea trees,

i.e. Mexican amber, Dominican amber and

East African copal, copal from Madagascar

and Colombian copal (GE1NAERT 1998).

Fossil resins (ambers and copals) are to be

found throughout the world (GRIMALDI 1996;

KRUMBIEGEL & KRUMBIEGEL 1996a; POINAR

1992, 1999; Ross 1999; Figs 1 & 2). The total

number of amber sites is around 200 (DAHL-

STRÖM & BROST 1996).

Mesozoic amber is to be found in various

parts of the world (Figs 1 & 2). The oldest

inclusions in amber (bacteria, protozoa, fungal

spores and unidentified plant spores) are kno-

wn from the Triassic amber of Raibler Sand-

stone Formation in Schliersee, Bavaria, Ger-

many (DAHLSTRÖM & BROST 1995; GRIMALDI

1996). The oldest amber deposits containing

insects come from the Middle East and are

commonly known as Lebanese amber (SCHLEE

1970; ZHERIKHIN 1978), although similar

amber occurs in Israel and Jordan (NlSSEN-

BAUM & HOROWITZ 1992). They are dated on

the Neocomian, Early Cretaceous, which

means that they are 130 million years old. The

Cretaceous (140 Ma to 65 Ma) is one of the

most interesting chapters in the history of the

Earth. It was in the Cretaceous that an explo-

sive radiation of flowering plants, angios-

perms, occurred, together with many modern

families of insects. Several kinds of amber, fre-

quently including a variety of "amberized" ins-

ects, are known from the Cretaceous: Lower

Cretaceous amber from Alava (Basque Coun-

try, Spain), Lower Cretaceous amber found

near Vienna and Salzburg, and Lower Creta-

ceous amber found in Chöshi (Honshu,

Japan). Many localities of Upper Cretaceous

amber are known from North America

(DAHLSTRÖM & BROST 1996; GRIMALDI 1996,

RICE 1987). These are Cedar Lake, Manitoba,

and Medicine Hat and Grassy Lake, Alberta

in Canada. Amber — 'omalik' as called by

Inuits — is also found in Alaska Peninsula, in

the Yukon delta and on the Fox Islands (part

of the Aleutian Archipelago), and in Green-

land (KOSMOWSKA-CERANOWICZ 1983; DAHL-

STRÖM & BROST 1996). The most famous is

New Jersey amber, containing many insect

inclusions. Other amber sites in the United

States are located in New Mexico, Tennessee,

Mississippi, Arizona, Nebraska and North

Carolina, along the Atlantic coast in

Maryland, on Cape Cod, Long Island and Sta-

ten Island. Another famous Cretaceous resin

is the amber from Taimyr Peninsula in nor-

thern Russia (Fig. 1), of Lower Cretaceous

Begichev Formation and Upper Cretaceous

Kheta, Khatanga and Dolgan Formations

(ZHERIKHIN & SUKACHEVA 1973, ZHERIKHIN

1978, ZHERIKHIN 6k ESKOV 1999). Upper

Cretaceous amber of Asia is amber of Adzha-

kent in Azerbeijan, Shawarshawan in

Armenia, Timmerdiak-Kaja on the Viliuj

River in Yakutia (ZHERIKHIN 1978), and Kuji

and Iwaki on Honshu, Japan (SCHLEE 1990).

A very interesting Asian amber is Burmese

amber, which is estimated by different authors

to be of Miocene, Oligocene, Paleogene, post-

Eocene, Eocene, or even Late Cretaceous age

(ZHERIKHIN 1978, BOTOSANEANU 1981). The

last estimation seems to be correct according
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to the latest data (ZHERIKH1N & Ross 2000).

Late Cretaceous amber of the Paris and Aqui-

tan Basin in northwestern France, very inte-

resting and rich in inclusions, was reported by

SCHLÜTER (1978). Cretaceous amber origina-

ted from the resins of the gymnosperm plants

of the families Araucariaceae, Taxodiaceae,

Cupressaceae and Pinaceae, and angiosperm

plants of the family Hamamelidaceae (GRI-

MALDI 1996).

Most of the known deposits of Tertiary

amber are known from Europe (KRZEMINSKA

et al. 1993; POINAR 1999). The most famous

Eocene amber from the Baltic area (Fig. 2)

probably represents one of the largest accumu-

lations of amber in the world. It comes from

the Tertiary deposits in the Sambian Peninsu-

la and from accumulations in Quaternary

deposits. The amber in Sambia is located in

layers of the 'blaue Erde' — the "blue earth";

blue earth is actually grayish with traces of

green when dry or black when wet, and com-

posed mainly of clay, not blue clay, but rather

glauconite-rich clay. During the Pleistocene,

amber from Tertiary deposits was transported

by glacial, fluvial or fluvoglacial action. This

resulted in distribution of the Eocene Baltic

amber across Latvia, Lithuania, Belorussia,

Poland and Germany, up to the east coast of

the British Isles and even as far as Jutland

(Denmark) and the southern coast of Scandi-

navian Peninsula (DAHLSTRÖM & BROST

1996, KOSMOWSKA-CERANOWICZ 1998).

The tree that produced resin which beca-

me Baltic amber is the still mysterious "Pinus

succinifera" (POINAR 1992, GRIMALDI 1996,

ROSS 1999) — probably a collective name for

resin (amber) producing tree (or trees).

Modern methods of analysis of amber have

raised some annoying questions. It is surpri-

sing, that the infrared spectra (infrared spec-

troscopy is a successful technique in compa-

ring fossil and recent resins) of Baltic amber

are not similar to those of any modern

Pinaceae, but more similar to resin of the

Araucariaceae tree Agathis australis (LAMB.)

STEUD. that grows in New Zealand. Further

analyses using pyrolysis mass spectrometry

have supported the results from IR spectrosco-

py (POINAR & HAVERKAMP 1985). Additional-

ly, the IR studies demonstrated some hetero-

geneity, which raises the question of whether

a single tree species was the amber-producing

tree (POINAR 1992). Baltic amber lacks abietic

acid, which chemically distinguishes pine

resin, and araucarian resin does not have the

succinic acid, which is distinctive of most Bal-

tic amber. On the other hand, recent pine spe-

cies, the north-western American sugar pine

Pinus lambertiana DOUGLAS, is marked by a

characteristic IR spectrum, with "Baltic amber

shoulder" typical of Baltic amber. Some living

trees in the pine tree family of the genera

Ketekeria CARRIERE and Pseudolarix GORDON

do indeed produce resin rich in succinic acid

(GRIMALDI 1996). Pseudolarix is of particular

interest, since resin in 40 Ma old cones from

Axel Heiburg Island in Canadian Arctic also

contains succinic acid. Pseudolarix today is

found in Asia. The sole species, Pseudolarix

amabilis NELSON (REHDER), is closely restricted

to some mountains in south-eastern China.

This may suggest that Pseudolarix might have

been connected with the North, with Scandi-

navia during the Eocene. The Pseudolarix

hypothesis is also bolstered by the fact that

many other plants and insect species fossilized

in Baltic amber are closely related to species

now living in Asia, Australia and even Chile

(GRIMALDI 1996). The "amber tree" could

then be considered a rather primitive type, an

early stage of developmental history of the

Pinaceae, which still retained archaic charac-

teristics in common with the Araucariaceae

(LARSON 1978; MILLS, WHITE & GOUGH

1984; BECK 1999). The Pinaceae appeared in

the Cretaceous, although certain pine-like

ancestral plants have been recorded from the

Mid Jurassic; recently the family is restricted

to the Northern Hemisphere, with a sole

exception. The Araucariaceae date back to

the Mesozoic, when the family was abundant

both in Northern and Southern Hemispheres.

There are few araucarian fossils in the

Northern Hemisphere, and apparently none

in Baltic amber.

Another famous Tertiary fossil resin is

Dominican amber (Fig. 1), which originated

from leguminous (Caesalpiniaceae, Fabales)

algarrobo trees, although the only one descri-

bed is Hymenaea protera PoiNAR (POINAR

1991, 1992; CARIDAD 1999, POINAR and

POINAR 1999). Dominican amber is aged Oli-
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gocene to Lower Miocene, some deposits are

regarded as originating from the Middle Eoce-

ne (POINAR 1992; KRUMBIEGEL & KRUMBIEGEL

1996a; CARIDAD 1999; POINAR & POINAR

1999). According to ITURRALDE-VINENT &

MACPHEE (1996) the ambenferous deposits in

the Dominican Republic were formed during

the late Early Miocene through the early

Middle Miocene. However, mines are scatte-

lithophora fossils, is estimated at 30-45 Ma

(SCHLEE 1990). Amber usually occurs in the

form of discrete nodules or lumps ranging in

size from a few millimeters to masses as large as

20 kilograms.

Mexican amber, also named "amber of

Chiapas", is fossil resin of the same age and

origin as Dominican amber, from the Hymenaea

trees (Caesalpiniaceae). Chiapas amber occurs

• Pleistocene, Holocsne

+ Tertiary

O Cretaceous
D Triasste, Jurassic
H Carboniferous

• Devonian

Figs 1:
Distribution of fossil resins worldwide

red throughout portions of the northern

mountain range Cordillera Septentrional as

well as in the eastern part of the Dominican

Republic. Deposits from these diverse locali-

ties may have originated from different time

periods. Dating attempted by chemical analy-

ses of the amber (LAMBERT, FRYE & POINAR

1985), as well as by an examination of marine

microfossils that occur in the bedrock, sug-

gests 15-20 Ma when based on Foraminifera

fossils (ITURRALDE-VINENT & MACPHEE

1996). The age of the oldest, based on Cocco-

in primarily marine calcareous sandstone and

slit with beds of lignite, in association with

the Balumtun Sandstone of the Early Miocene

and the La Quinta formation of the Late

Oligocene. Radiometrie assignation ages the

amber bearing strata from 22.5 to 26 Ma

(POINAR 1992). It can be found in the lignitic

beds or some distance from them. The amber

is mined from the lignite or collected from the

alluvial deposits (GRIMALDI 1996; RlCE 1987).

In recent years a large amount of Miocene

fossil resin was found in Merit-Pila Coal Field,
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Sarawak, Borneo, Malaysia (HlLLMER, WEIT-

SCHAT & VÄVRA 1992). This "Bornean

amber" is supposed to have deposits far greater

than those of Sambia Peninsula (KOSMOWS-

KA-CERANOWICZ 1998), and rich in inclusions

(HILLMER, VOIGT «SI WEITSCHAT 1992).

Numerous localities of different Tertiary

deposits of fossil resins are reported, e.g. Paleo-

cene Sakhalin amber from Russian Far East,

mation in Arkansas, Mid-Eocene amber from

Tiger Mountain Formation near Seattle,

Washington, Oligocene amber from Chile or

amber from Nigeria, from the Ameki Formati-

on of the Eocene (SCHLEE & GLÖCKNER 1978;

ZHERIKHIN 1978; GRIMALDI 1996; KRUMBIEGEL

& KRUMBIEGEL 1996a). All these originate

from the resin of various gymnosperm plants

of the families Cupressaceae and Pinaceae, as

-2or

eor

-2cr eor

• Pleistocene. Holooene

+ Tertlaiy

O Cretaceous
D Triassic, Jurassic

• Carboniferous

Mid Eocene Fu Shun amber from China (ZHE-

RIKHIN 1978, ZHERIKHIN & ESKOV 1999),

Eocene Ukrainian amber, Bitterfeld amber

from Germany — once believed to he of Mio-

cene age, but recently regarded as Eocene

(WEITSCHAT 1997), Danish amber from Jut-

land, amber of Oise in France, rumanite from

Romania and Sicilian amber (simetite) from

Sicily, the northernmost in the world locali-

ties from Early Eocene of Ellesmere Island and

Axel Heberg Island in the northern Arctic

Ocean, amber from the Eocene Claiborn For-

well as of angiosperms: Burseraceae, Diptero-

carpaceae and Hamamelidaceae (GRIMALOI

1996, RICE 1987).

The Quaternary fossil and semi-fossil

resins also are reported from different parts of

the world: Guinea, East Africa, Madagascar,

Israel, the Philippines, Japan, Australia, New

Zealand and Colombia (SCHLÜTER & VON

GNIELINSKI 1978-, POINAR 1992; KRUMBIEGEL

& KRUMBIEGEL 1996a); their origin is also

varied (Araucariaceae, Anacardiaceae, Caes-

alpiniaceae).

Fig. 2:
Distribution of fossil resins in Europe
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The amber trap and inclusions

The Spider, Flye, and Ant, being tender, dissipable substances, falling into Amber

are therein buryed, finding therein both a Death and Tombe,

preserving them better from Corruption than a RoyaU Monument

Francis BACON Histoire of Life and Death (1638)

Fig. 3:
Places of exudation and
accumulation of resin lea-
kage (after Ganzelewski
1996). (a) fill of cracks;
(b) under bark; (c) "resin
pockets"; (d) fill of cracks
in the bark; (e) fill of
wounds; (g) fill of emptin-
ess with flat surface
(sometimes annual rings
are visible); (h) icicle-like
and stalactite-like forms;
(i) drops and tumescences;
(j) stalactites; (k) "baggy"
leakage.

Figs 4-7:
Kinds of
"amber-
traps":
(4) sticky
trap — dif-
ferent types
of leakages,
icicles and
stalactictes;
(5) lava trap;
(6) drop
trap;
(7) pool
trap.

Sticky traps

Stalactite

Leakage

Lava trap Drop trap

Pool trap

Amberization - changes involved in the
process of forming amber from fresh resin - is
a slow, gradual process which leads to the pre-
servation of small, delicate, and soft-bodied
insects into inclusion in hardened resin. It is
the most complete type of fossiliiation known
for insects. Fossils thus preserved can be easily
compared with their extant descendants
thanks to the three-dimensional form, colour
pattern, and minute details of the exoskeleton
(POINAR 1993). Resin originated in different
pans of the tree-trunk (K.ATINAS 1971; KRZE-
MINSKA et al. 1993), so insects living on diffe-
rent parts of trees could be entrapped in resin
(Fig. 3). Production of resin differed also
according to the season, and time of the day
(KRZEMiflSKAetal. 1993).

The mode of preservation - taphonomy -
of amber insects has been discussed many
times (BRUES 1933; HENWOOD 1992; PIKE

1993). There were many factors that pre-con-
ditioned the preservation of an organism in
resin, so resin was a rather selective trap. The
size of an entrapped insect determines its bio-
tic loss; decay and scavenging. Insects living on
or near the amber-producing tree had higher
fossilization potential than those living far
from the forest. Behavior is another important
factor affecting the inclusions. Flying insects,
insects living on the bark or hiding in the
cracks and crannies of the tree bark could be
entrapped more easily. Enticing or deterring
smell of resin, the colour and glaze of resin are
also responsible for the bias of amber trap
(KRZEMINSKA et al. 1993, KRUMBIEÜEL

& KRUMBIEGEL 1996b). The "amber trap" in
fact comprises four different types of traps
(Figs 4-7): sticky trap, lava trap, drop trap and
pool trap. Sticky traps - the stalactite-like and
icicle-like leakages, rods and "baggy" leakages
- entrapped active flyers and passive flyers, as
well as forms wandering on the tree-trunk.
Lava traps entombed non-moving or slow
moving organisms. Drop traps also preserved
forms living on branches, leaves, and on the
ground, or even in water. Particles of detritus
or litter can frequently be found among such
inclusions. Pool traps encased dead insects,
active and passive flyers, wandering on the
ground or in the litter, in some cases also
living under the bark or in the wood of "amber
tree". In many amber pieces, insect inclusions
are preserved in layers, as they were caught in
subsequent leakages of resin.
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What exactly is an inclusion? An inclusi-
on is an object, which is trapped in amber. It
is a three-dimensional, very tine mould of an
insect body with all external characters. Only
remains of the external skeleton and the rest
of the body are to be found inside the inclusion
(Fig. 8). Dehydration is the most important
process in the insect tissues during creation of
an inclusion. All organic remnants are highly
changed by acids and other compounds inclu-
ded in resin, by processes of dehydration, poly-
merization, etc. However, tissue preserved in
such a way has many characters of the structu-
re of living tissue. Well-preserved striated
muscles of insects, internal organs and hypo-
dermis of spiders in Baltic amber were descri-
bed (KORNILOVICH 1903; PETRUNKEVITCH

1935, 1950). Using scanning electron micros-
cope exposed surfaces of the insects (MlERZE-
JEWSK1 1976a, b), and ultrastructure of the pre-

served tissue in Baltic
amber fly of the family
Mycetophilidae
(POINAR & HESS 1982)

were examined. Extrac-
ting DNA from amber
inclusions is a relatively
recent endeavor

(POINAR, POINAR &.

CANO 1994). Several

studies have shown that
amber provides conditi-
ons conducive to the
long-term preservation
of amino-acids (WANG et al. 1995, POINAR et

al. 1996). The first extraction and partial cha-
racterization of DNA from amber inclusions of
stingless bee from Dominican amber was pre-
sented by CANO, POINAR & POINAR (1992).

The oldest insect DNA was obtained from the

exoskeleton

gas

dried tissue

Fig. 8: Structure of an inclusion.

Fig. 9: Simplified phylogram of hemip-
teran lineages, amber fossils are mar-
ked with an asterisk. The relationships
adopted mainly after DIETRICH & DEITZ
1993, HAMILTON 1999 and SHCHERBAKOV
1996, 2000.

arb. Permian Triassic Jurassic Cretaceous Tertiary Quat.
Paleogene Neogene

C, P, P2 Tr, Tr2 Tr, J, J , J, K, K, Pal Eoc Oli Mio Pli Ple+Hol
295 256 245 241 235 208 178 157 1 1456 97 65 56 5 35 4 23 3 52 164 0

' no foMil« leoordftd o>
w o r d duttou»
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inclusion of weevil in Lebanese amber, about

125 Ma old (CANO et al. 1993). These data

attest the remarkable preservative properties

of amber. However, DNA from amber orga-

nisms is fragmented, degraded and strongly

cross-linked with other molecules in the cell,

so it is necessary to take this into considerati-

on. In future, it may be possible to repair some

of the 'ancient DNA, which would allow the

retrieval of longer, more authentic sequences.

Studies with DNA from organisms preserved

in amber make it possible to include extinct

organisms that existed millions years ago in

molecular phylogeny studies.

The amber-trapped planthoppers,
froghoppers, treehoppers and
leafhoppers

If thou couidst but speak little fly
How much more would we know about the past?

Immanuel KANT (1724-1804)

The study of amber insects was initiated
over 250 years ago with the first investigation
of the Baltic amber fauna and flora (SENDELI-
US 1742). Unfortunately, the collection of the
king of Poland August II the Strong, which
was the base for this work, was burnt down in
Dresden, in the 18 century. Indeed, most of
the descriptions of amber insects today pertain
to Baltic deposits (KEILBACH 1982, SPAHR

1988, SZWEDO & KULICKA 1999b).

Inclusions of Archaeorrhyncha (planthop-
pers) and Clypaeorrhyncha (froghoppers, leaf-
hoppers, treehoppers and cicadas) are not very
rare in fossil resins (Table 1). First descriptions
of delphacid (?) and ricaniid planthoppers
come from the beginning of the 19 century
(DALMAN 1825). Unfortunately, the original
description of the species described - Asiraca

albipuncta DALMAN 1825 and Ricania equestris

DALMAN 1825 - only mentions: 'Specimen
Copalo inclusum, unicum'. These inclusions
probably originated from the 'anime' or 'gum

anime', as it was called in the 19 t n century,
which is a resinous substance, exuded by Vale-

ria indica LlNNE (Dipterocarpaceae), a gigantic
tree of Malabar (HOPE 1836, 1837). This is

also suggested by SCHLÜTER & von GNIELINSKI

(1987). The resin seems to be rather recent
or semi-fossil. HOPE (1836) listed several
inclusions from anime and amber, and descri-
bed another species (HOPE 1837) - Table 1.

In the middle of the 19 t n century Ernst
Friedrich Germar, described 23 representati-
ves of different taxa from Eocene Baltic amber
from the famous and rich collection of Gustav
Carl Berendt (GERMAR & BERENDT 1856) -

Table 1. Later, in the first half of the 20th cen-
tury, only a few authors described some new
species from Baltic amber (BERVOETS 1910,
COCKERELL 1910, JACOBI 1938, USINGER
1939). At the same time, the first descriptions
of fossils from other types of amber were pre-
sented (COCKERELL 1917) - Upper Cretaceous
Burmese amber. After a rather long break, a
few species of planthoppers from Oligoce-
ne/Miocene Mexican amber were described
(FENNAH 1963). Other descriptions dealt with
Cretaceous amber inclusions: Canadian
(HAMILTON 1971) and Lebanese (FENNAH

1987). The renaissance of amber studies began
in the last decade of the 20 century, when
numerous taxa from Baltic, Mexican and
Dominican amber were presented (Table 1).
Some inclusions of fulgoromorphan and cica-
domorphan insects in the Pleistocene East
African copal are reported by STROINSK! &.
SZWEDO (this volume). Apart from formal
descriptions, many taxa are listed or mentio-
ned, or even figured in various papers, (for a
list of papers up to 1988 see SPAHR 1988, also
DIETRICH & VEGA 1995, Wu 1996, WEIT-

SCHAT & WlCHARD 1998, POINAR & POINAR

1999, SZWEDO & KULICKA 1999a, b).

Most of the taxa described in the 19 t n and
in the beginning of the 20 century call for
re-examination. Some species described by
GERMAR & BERENDT (1856) should be trans-

ferred to other families, e.g. 'Cixius' testudina-

rius GERM. & BER. to Achilidae, as suggested
by USINGER (1939), 'Cixius' loculatus GERM. &
BER. seems to represent Tropiduchidae, Pseu-

dophana reticulata GERM. & BER. was discussed
by EMELJANOV (1983), partly transferred to
Achilidae and partly to Tropiduchidae. Unfor-
tunately, type material of the species, ascribed
to the genus Cixius LATR. by GERMAR &

BERENDT (1856), was probably lost during
World War II, as it was sent to Königsberg in
1937. Some specimens (described or not) from
G.C. Berendt collection are stored in Paläon-
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tologisches Museum, Humboldt-Universität
zu Berlin and now being examined. Another
species - OUarus oligocenus CKLL, ascribed by
COCKERELL (1910) to cixiids, also belongs to
Achilidae.

Which groups of planthoppers, froghop-
pers, leafhoppers or treehoppers are reported
from fossil resins? Some taxa enter the fossil
record for the first time as trapped and preser-
ved in fossil resins - various kinds of amber. It
is true both of representatives of the archae-
orrhynchan lineage and for bugs of the clypae-
orrhynchan line.

Almost all families of Archaeorrhyncha
have the fossil record in resins of various ages
(Fig. 9).

Cixiidae. Representatives of this group are
recorded from Lower Cretaceous Lebanese
amber (FENNAH 1987) and Upper Cretaceous
Burmese amber (COCKERELL 1917). The fami-
ly is well-represented in Eocene Baltic amber,
a few species are described (Table 1), and
many more still wait for formal description. It
is very interesting, that representatives of
Bothriocerinae (Fig. 10) - subfamily recently
widespread in the New World - are found
among Baltic amber inclusions (SZWEDO in
press), as well as representatives of Cixiinae of
the tribes Cixiini s.l. (Fig. 11) and Pentastiri-
ni (STROD^JSKI & SZWEDO in prep.). A few spe-

cies are also reported from Oligocene/Miocene
Dominican amber (Table 1). Many formally
undescribed species from amber of different
age are figured in different sources, e.g. BACH-
OFEN-ECHT 1949, LARSSON 1978 (Baltic-
amber), SCHLEE 1990, Wu 1996 (Dominican
amber).

Delphacidae. In fossil resins these pla-
thoppers are known from Burmese amber
(COCKERELL 1917) and from the Eocene Bal-
tic amber (GEBICKI & SZWEDO 2000b). Unde-

scribed delphacids are also figured in Wl
(1996) and PoiNAR & PoiNAR (1999).

Kinnaridae. This family enter the fossil
record in Oligocene/Miocene Dominican
amber (EMELJANOV & SHCHERBAKOV 2000).
Two species of recent genera are recognized
(Table 1)

Meenopliidae. Any representatives of this
family, regarded as sister-group of kinnarids are
known in fossil state so far.

Achilidae. This highly differentiated, and
probably paraphyletic group is well represen-
ted in the Eocene Baltic amber (Fig. 12), a few

Fig. 10:
Bothriocerinae cixi-
id in Baltic amber,
coll. Gustav Carl
Berendt, Paläonto-
logisches Museum
des Humboldt-Uni-
versität, Berlin,
Germany. The
colours are false
because the piece
of amber is dark
burgundy, so the
filters were used
to make the photo-
graph.

Fig. 11:
Kulickamia jantaris
GEB. & Szw. (Cixi-
idae), holotype,
Baltic amber.

Fig. 12:
Undescribed yet
planthopper of the
family Achilidae
preserved in Baltic
amber.
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Fig. 13:
Positrona
shcherbakovi
EM. (Derbi-
dae), holoty-
pe, Baltic
amber. The
'milky veil' is
often cover-
ing the Baltic
amber inclu-

Fig. 14:
Specimen of
Positrona EM.
(Derbidae),
species not
described yet,
Bitterfeld
amber, coll.
Christel and
Werner
Hoffeins,
Hamburg,
Germany.
The layer on
which speci-
men is placed
is disturbed
by wings
movements
during preser-
vation in
resin.

species are described, among them representa-
tives of the highly derivative tribe known only
from fossils - Ptychopttlini (Table 1). The
recent genus Synecdoche L. O'Brien is found in
Dominican amber (SZWEDO in prep.).

Derbidae. For a long time, the fossil

record of the family was based on misinterpre-

ted genera, described from imprints and in fact

representing other families. The first undoubt-

tul Derbidae have also been found in Baltic

amber (Table 1). The identified species,

Positrona shcherbakovi EM. (Fig. 13), represents

the recent tribe Otiocerini, quite advanced in

terms of evolution. More derbids of this genus,

yet undescribed, have been found in Baltic

amber, as well as representative of the tribe

Cedusini. It is noteworthy, that also in Bitter-

feld (Saxonian) amber a species of the genus

Positrona Em. has been identified (Fig. 14). In

Oligocene/Miocene Dominican amber, two

species of Derbidae have recently been descri-

bed (EMELJANOV &. SHCHERBAKOV 2000),

representing the tribes Cedusini and Derbini.

Some other derbids, not yet described, were

identified among inclusions in Mexican amber

- representatives of the genus Cedusa FOWLER

(ROSS & SZWEDO in prep) and another form,

related to the genus Cenanges FENNAH. Unna-

med derbid inclusions in Dominican amber is

figured in PoiNAR & PoiNAR (1999).

Dictyopharidae. EMELJANOV (1983) pre-

sents representative of this family from Upper

Cretaceous Taimyrian amber. SZWEDO &.

KuLlCKA (1999a, b) mention probable nymph

of Dictyopharidae in Baltic amber, Wu (1996)

and POINAR & PoiNAR (1999) also mention a

few nymphs ascribed to Dictyopharidae from

Dominican amber.

Fulgoridae. Representatives of this group

preserved in fossil resins are reported only

from Oligocene/Miocene Dominican amber.

Wu (1996) and POINAR & POINAR (1999)

figure two different nymphs in papers.

Acanaloniidae. These planthoppers are

not known in fossil record, but ZHERIKHIN

(1978) mentions this group from Lower

Cretaceous strata of Baissa in Transbaikalia

(Russia), from imprints in rocks.

Issidae. The family (Figs 15-17) is also

present in the Eocene Baltic amber record

(Table 1). Undescribed Issidae in Dominican

amber are figured in Wu (1996) and PoiNAR
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Fig. 15:
Nymph of an issid with wax tail, Baltic
amber, coll. Mr. Carsten Gröhn, Glinde,
Germany

Fig. 16:
Undescribed yet issid, Baltic amber,
coll. Adolf Bachofen-Echt, Vienna. This
piece of amber in form of cabochon,
and probably during the polishing the
tarsal segments were destroyed.

Fig. 17:
This inclusion of an issid in Dominican
amber (coll. George Poinar, Oregon State
University, Corvallis, U.S.A.) is translucent,
such situation is frequently present in New
World resins inclusions.
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Fig. 18:
Tainosia quis-
queyae Szw. &
STR. (Nogodi-
nidae), holotype,
Dominican
amber. The body
of the planthop-
per is compres-
sed in resin,
such situation is
quite often
among New
World ambers
inclusions.

Fig. 19:
Jantaritambia
serafini Szw.
(Tropiduchidae),
holotype, Baltic
amber. The body
of an insect is
partly destroyed,
probably by the
putrefaction pro-
cesses and
covered with
'milky veil' of
the decay gases.

Fig. 20:
Not described
froghopper
(Aphrophoridae)
in Baltic amber,
coll. Mr. Jacek
Serafin, Kas-
parus, Poland

& PoiNAR (1999). It is noteworthy that

nymphs ascribed to this family are quite

numerous both in Baltic and Dominican

amber. The waxy 'tails' are frequently preser-

ved with an insect fossilized in resin (Fig. 15).

Caliscelidae. This family was not reported

from fossil state yet.

Nogodinidae. A few representatives of

this family are known from fossil resins. Mem-

bers of this family have been reported from

Baltic amber, Dominican amber (Fig. 18) and

Mexican amber as well (Table 1).

Tropiduchidae. These planthoppers are

only recorded from the Eocene Baltic amber.

They are represented by few species: a nymph

(larva in original description) of 'Pseudophana'

reticulata GERM. & BER., discussed by E.MELJA-

NOV (1983), and a single form (Fig. 19) repre-

senting a fossil tribe (SZWEDO 2000a).

Tettigometridae. The sole report of fossil

tettigometrid in Baltic amber is given in LARS-

SON (1978), but without any more precise

data.

Flatidae. FENNAH (1963) briefly describes

a nymph from Mexican amber, another

nymph has been found in another piece of

amber of the same origin.

Hypochtonellidae. Any data about fossil

representatives of this family were reported so

far. Recently these planthoppers have limited

Afrotropical distribution, and their habitat in

the litter could be one of the reasons that these

insects lack in fossil as well as in subfossil record.

Ricaniidae. Representatives of the family

are well known from imprints of various ages,

but not recorded from ambers. The only data

of Ricaniidae entombed in rather recent resins

(anime) are these given by DALMAN (1825).

Another report comes from GlEREL (1862),

but without information about the kind of

resin. A few Ricaniidae are also known from

Pleistocene East African copal.

Scarcely any data of the representatives of

the families Lophopidae, Eurybrachidae and

Gengidae in fossil resins are available. Apart

from a sole lophopid species, these groups are

absent from the fossil record.

Representatives of Clypaeorrhyncha are

frequently mentioned from fossil resins (Table 1).
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Fig. 21:
Nymphs of Cicadellidae are very fre-
quent in Baltic amber inclusions (coll.
Mr. Carsten Gröhn, Glinde, Germany)

Fig. 22:
This nymph of leafhopper, with extre-
mely long antennae, exceeding the
length of the body, is well preserved
in Baltic amber (coll. Museum of the
Earth, PAS, Warsaw)

Fig. 23:
Even 40 Ma ago the parasitic insects
(Oryinidae) attacked leafhoppers, Bal-
tic amber (coll. Amber Museum, Uni-
versity of Gdansk, thanks of courtesy
Mrs. Elzbieta Sontag)

49

© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at



Fig. 24:
Brachypterous forms are to be found
among Baltic amber inclusions (coll.
Museum of the Earth PAS, Warsaw)

Fig. 25:
Yet undescribed cicadellid, with uncer-
tain subfamilial assignment. Forms
with well preserved colour pattern are
to be found among Baltic amber inclu-
sions also (coll. Mr. Carsten Gröhn,
Glinde, Germany).

Cercopidae and Aphrophoridae. Repre-

sentatives of these families are recorded from

Baltic amber (Table 1), a few yet undescribed

species (Fig. 20) are also known, e.g. these

figured in WEITSCHAT & WlCHARD (1998). A

single froghopper from Dominican amber is

also figured in Wu (1996). Other Cerco-

poidea: Clastopteridae and Machaeortidae are

not reported from fossil resins or imprints.

Tettigarctidae and Cicadidae. The cicadas

are quite frequent in fossil record, but amberi-

:ed 'cicadas' are in fact representatives of other

groups. A nymph of a true cicada is figured in

POINAR&POINAR(1999).

Jascopidae. This fossil family was descri-

bed from the Upper Cretaceous Canadian

amber (HAMILTON 1971). The taxonomic sta-

tus of this unit, as intermediate between cica-

dellid and cercopid lineages was postulated by

HAMILTON (1971). EVANS (1978) argued with

such statement and placed Jascopus notabilis

HAMILTON 1971 in Cicadellidae. Similar point

of view was presented by SHCHERBAKOV

(1992), who discussed the characters of Jasco-

pidae and Lower Cretaceous Paracarsonini

and postulated to include these fossils into

Ledrinae (Cicadellidae).

Myerslopiidae. This recently established

family is not recorded from fossil resins, but

their representatives may perhaps be found in

fossilized resin of kauri-pine (Araucariaceae).

Cicadellidae. Leafhoppers are numerous in

Baltic amber inclusions (Figs 21-26), but only

a few species have been described (Table 1).

Representatives of various lower taxa of Cica-

dellidae are known, representing groups with a

very limited recent distribution, e.g. some

forms similar to Cicadellinae: Errhomenini

and Euacanthellinae. Representatives of

Mileewinae have been identified (GE.BICK1 &

SZWEDO 2001). Also taxa absent from recent

fauna are known from Baltic amber, among

them some Typhlocybinae, well differentiated

during the Eocene, with a few genera and spe-

cies recognized in Baltic amber and belonging

to a new fossil tribe (GgBICKI & SZWEDO in

prep.). It is noteworthy that Baltic amber abo-

unds in nymphs (Figs 21-23). Dominican

amber Cicadellidae, representing recent gene-
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ra and a fossil one as well, have been described

quite recently (DIETRICH & VEGA 1995), some

others are figured in papers by Wu (1996) and

POINAR&POINAR(1999).

Ulopidae. These insects are widespread in

the Old World, are not recorded in fossils. It

can perhaps be attributed, among other

things, to their habits - most of recent Ulopi-

dae live in concealment. Nevertheless, a

nymph with a mosaic of ulopid and cicadellid

characters has been found among Baltic amber

inclusions.

Aetalionidae. These treehoppers have

been found among inclusions of Oligocene

/Miocene Mexican amber (Fig. 27) and Domi-

nican amber. These new, fossil genera differ in

many characters from recent ones (Szwedo in

prep.). Paradoxically, the fossil aetalionid

described from the Upper Oligocene strata of

Germany (STATZ 1950) seems to be very simi-

lar to recent forms. This report is of particular

interest, because Aetalionidae are recently

restricted in distribution to the New World,

with the exception of two species of the genus

Darthula DISTANT from India and southern

China (McKAMEY 1998). Aetalionid plant-

hopper is also figured in Wu (1996), but

wrongly assigned to Eurymelidae.

Membracidae. Recently numerous and

highly differentiated treehoppers are not

recorded in the Eocene Baltic amber, only a

poorly preserved nymph with some characters

similar to membracids is known. Treehoppers

are represented in great numbers in Domini-

can amber, but not a single species is formally

described. A few different genera and species

are figured in papers by SCHLEE (1990), Wu

(1996) and PoiNAR & POINAR (1999).

Amber inclusions are our "windows to the

past". The studies of amber inclusions are vital

not only for taxonomic and phylogenetic pur-

poses, but in taphonomy, palaeoecology and

palaeoclimatology as well. They can also help

reconstruct interactions that occurred among

organisms. A few examples of host-parasite

interactions are known from fossil resin,

which is a very important source of informati-

on on such associations. Some behavioral data

can also be obtained from an analysis of amber

inclusions. A detailed study of amber inclusi-

ons may assist in the reconstruction of host-

plant-insect associations. From plant and ani-

mal remains in amber, it is possible to recon-

struct the past biota and their conditions.

Moreover, amber inclusions are informative of

the pattern of past climatic conditions.

Recent distribution of many insects can be

properly understood only after comprising the

data obtained from inclusions in fossil resins.

Fig. 26:
Sometimes inclusions are hardly visi-
ble because of cracks, particles of
detritus and stairy hairs of Quercus
spp. trees. (Cicadellidae: Typhlocy-
binae; coll. Museum of the Earth PAS,
Warsaw).

Verification of old amber collections kept in

different institutions, their detailed attesta-

tion, addition of new specimens and their

detailed description will greatly contribute to

the development of our knowledge about

amber and its inclusions.

Fig. 27:

This treehopper of the family Aetalio-
nidae is preserved in Mexican amber
(coll. George Poinar, Oregon State Uni-
versity, Corvallis, U.S.A.). It strongly
differs from recent aetalionids and
represents a new genus.
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Table 1. Described inclusions of Archaeorrhyncha and Clypaeorrhyncha in fossil resins
Name Higher categories Author Kind of resin Comments
Names of species, genera and family assignation presented as in original papers. Only original data are listed. If a species was transferred to another taxon, the fact is
mentioned in column "Comments", together wi th other data.
Asiraca albipuncta DAL
Ricania equestris DAL
Cercopis strong« HOPE

Jyphlocyba encaustica GERM. S BER.
Typhlocyba resinosa GERM. & BER.
Bythoxopus homousius GERM. & BER.
Janus immersus GERM. 8 BER.

Jassus spinicornis GERM. & BER.
Tettigonia proavia GERM. 8 BER.
Tettigonia terebrans GERM. 8 BER.
Aphrophora electrina GERM. & BER.
Aphrophora vetusta GERM. & BER.
Aphrophora (Ptyela) carbonaria
GERM. & BER.

Cercopis melaena GERM. & BER.
Cixius vitreus GERM. & BER.
Cixius testudinarius GERM. & BER.
Cixius insignis GERM. & BER.
Cixius Sieboldtii GERM. 8 BER.
Cixius fraternus GERM. 8 BER.
Cixius longirostris GERM. S BER.
Cixius succineus GERM. & BER.
Cixius loculatus GERM. & BER.
Cixius gracilis GERM. & BER.
Pseudophana reticulata GERM. & BER.

Poeocera nasata GERM. & BER.
Poeocera pristina GERM. & BER.
Poeocera venulosa GIEB.
Ricania multinervis GIEB.
Cercopis aurata GIEB.
Issus reticulatus BERV.
Bythoscopus punctatus BERV.
Pediosis minuta BERV.
Eupteryx minuta BERV.
Acocephalus resinosus BERV.
Oliarus oligocenus CKLL
Plecophlebus nebulosus CKLL

Liburnia (s.lat) burmitinia CKLL.
Tritophania patruelis JAC.

Protepiptera kaweckii USG.
Oeclixius amphion FENN.
Mnemosyne sp.
Jascopus notabilis HMLT.
Netutela annunciator EM.
Mundopoides aptianus FENN.

Ptychoptilum major EM.
Ptychoptilum minor EM.
Oligocixia electrina GEB. & WEG.
Positrona shcherbakovi EM.
/Crana garciamarquezi DIETR. & VEGA

Krocarites reflexa DIETR. & VEGA

Jassoqualus hispaniolensis DIETR. & VEGA

'Agallia' sp.
Xestocephalus sp.

Ambericarda skalskii Szw. S GEB.
Camptelasmus sp.
Camptelasmus sp.
Oeclidius salaco EM. & SHCH.

Quilessa stolida EM. & SHCH.

Cedusa credula EM. & SHCH.

Dysimia imprudens EM. & SHCH.

Kulickamia jantaris GEB. & Szw.
Serafinana perperunae GEB. & Szw.
Tonacatecutlius qibsoni STR. & Szw.
O/farus kulickae Szw.
Jantaritambia serafini Szw.
Ptychogroehnia reducta Szw. S STR.
Tainosia quisgueyae Szw. & STR.
Voungeawea bicolorfata GEB. & Szw.
Vbungeaivea bicolorfata GEB. & Szw.
Eomileewaeridani GEB. & Szw.

DelDhacidae
Ricaniidae
Cercopidae
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'

'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'

'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'
'Cicadellina'

'Cicadellina'
'Cicadellina'
'Fulgorinen'
'Fulgorinen'
'Cicadellinen'
'Fulgoridae'
'Jassidae'
'Jassidae'
'Jassidae'
'Jassidae'
'Fulgoridae: Cixiinae'
'Odontoceridae'
[Trichoptera, sic!]
'Fulgoridae: Delphacinae'
Ricaniidae

Achilidae
Cixiidae
Cixiidae
Jascopidae
Dictyopharidae: Netutelini
Cixiidae

Achilidae: Ptychoptilini
Achilidae: Ptychoptilini
Cixiidae
Derbidae: Otiocerini
Cicadellidae: lassinae: Krisnini
Cicadellidae: Nirvaniinae: Nirvanini
Cicadellidae: Nirvaniinae: Nirvanini
Cicadellidae: Agallinae: Agallini
Cicadellidae: Xestocephalinae:
Xestocephalini
Cicadellidae: Cicadellinae: Proconiini
Cicadellidae: Ledrinae: Petalocephalini
Cicadellidae: Ledrinae: Petalocephalini
Kinnaridae: Propleromini

Kinnaridae: Prosotropini

Derbidae: Cedusini

Derbidae: Derbini

Cixiidae: Cixiinae
Delphacidae: Asiracinae: Ugyopini
Nogodinidae: Nogodinini: Nogodinida
Cixiidae: Cixiinae: Pentastirini
Tropiduchidae: Jantaritambini
Achilidae: Ptychoptilini
Nogodinidae: Nogodinini: Nogodinina
Cicadellidae: Mileewinne
Cicadellidae: Mileewinne
Cicadellidae: Mileewinne

DALMAN 182S

DALMAN 182S

HOPE 1837

GERMAR & BERENDT 1856

GERMAR & BERENOT 1856

GERMAR & BERENDT 1856

GERMAR & BERENOT 1856

GERMAR & BERENDT 1856

GERMAR & BERENOT 1856

GERMAR & BERENDT 1856

GERMAR & BERENDT 1856

GERMAR & BERENOT 1856

GERMAR & BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR & BERENDT 1856

GERMAR & BERENDT 1856

GERMAR & BERENDT 1856

GERMAR & BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR & BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR 8 BERENDT 1856

GERMAR & BERENDT 1856

GERMAR & BERENDT 1856

GIEBEL 1862

GIEBEL 1862

GIEBEL 1862

BERVOETS 1910

BERVOETS 1910

BERVOETS 1910

BERVOETS 1910

BERVOETS 1910

COCKERELL 1910

COCKEREU. 1917

COCKERELL 1917

JACOBI 1938

USINGER 1939

FENNAH 1963

FENNAH 1963

HAMILTON 1971

EMEUANOV1983
FENNAH 1987

EMEUANOV1990

EMEUANOV1990

GEBICKI 8 WEGIEREK 1993

EMEUANOV1994

DIETRICH & VEGA 1995

DIETRICHS VEGA 1995

DIETRICH & VEGA 1995

DIETRICH & VEGA 1995

DIETRICH & VEGA 1995

SZWEDO 8 GEBICKI 1998

SZWEDO & GEBICKI 1999

SZWEDO & GEBICKI 1999

EMEUANOV &

SHCHERBAKOV 2000

EMEUANOV &

SHCHERBAKOV 2000

EMEUANOV &

SHCHERBAKOV 2000

EMEUANOV &

SHCHERBAKOV 2000

GEBICKI 8 SZWEDO 2000a

GEBICKI & SZWEDO 2000b

STROINSKI 8 SZWEDO 2000

SZWEDO 2000a

SZWEDO 2000b

SZWEDO & STROINSKI 2001a

SZWEDO & STROINSKI 2001b

SZWEDO & STROINSKI 2001

SZWEDO & STROINSKI 2001

Indian anime
Indian anime
Indian anime
Baltic amber
Baltic amber
Baltic amber
Baltic amber

Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber

Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber

Baltic amber
Baltic amber
7
?
?
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Baltic amber
Burmese amber

Burmese amber
Baltic amber

Baltic amber
Mexican amber
Mexican amber
Canadian amber
Taimyrian amber
Lebanese amber

Baltic amber
Baltic amber
Dominican amber
Baltic amber
Dominican amber
Dominican amber
Dominican amber
Dominican amber
Dominican amber

Baltic amber
Baltic amber
Baltic amber
Dominican amber

Dominican amber

Dominican amber

Dominican amber

Baltic amber
Baltic amber
Mexican amber
Dominican amber
Baltic amber
Baltic amber
Dominican amber

Baltic amber
Baltic amber

Cicadellidae: TvDhlocvbinae
Cicadellidae: Typhlocybinae
Cicadellidae: Macropsinae
Cicadellidae: Coelidiinae
(METCALF 8 WADE 1966)

Cicadellidae
Cicadellidae
Cicadellidae
Aphrophoridae (METCALF 8 WADE 1966)

Aphrophoridae (METCALF 8 WADE 1966)

Aphrophoridae (METCALF 8 WADE 1966)

Cercopidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Cixiidae (METCALF 8 WADE 1966)

Achilidae (pars) and Tropiduchidae
(pars) (EMEUANOV 1983)

Issidae
Fulgoridae (?)
Fulqoridae [?]

Issidae
Cicadellidae: Macropsinae
Cicadellidae
Cicadellidae
Cicadellidae
Achilidae
Cixiidae (BOTOSANEANU 1981)

Delphacidae
Nogodinidae (CARPENTER 1992);
Nogodinidae: Bladinini, Gaetulina
(SZWEDO 8 STROINSKI 1999)

Achilidae

Pentastirini: Mnemosynina

Original genus name
Mundopoides FENN. is

praeoccupied (SZWEDO 2001).
Ptychoptilini - fossil tr ibe
Ptychoptilini - fossil tr ibe
Cixiinae

Jantaritambini - fossil tr ibe
Ptychoptilini - fossil tr ibe
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Zusammenfassung

Bernstein, seine Herkunft, stratigraphi-

sche Lagen und Lagerstätten der Welt werden

dargestellt. Der Vorgang der Fossilisierung von

Insekten in Harz wird erläutert. Daten zu

Einschlüssen von Zikaden (Hemiptera:

Archaeorrhyncha und Clypaeorrhyncha) in

Bernstein werden zusammengefasst, Fossil-

funde wichtiger Arten und Familien werden

diskutiert und zum Teil kommentiert.

References

BACHOFEN-ECHT A. (1949): Der Bernstein und seine Ein-

schlüsse. — Springer-Verlag KG, Wien-New

York. 204 pp. [reprinted and supplemented by

Jörg Wunderlich in 1996]

BECK C.W. (1999): The Chemistry of Amber. — Estudi-

os del Museo de Ciencias Naturales de Alava,

14, Numero especial 2: 33-48.

BERVOETS R. (1910): Diagnoses de quelques nouvelles

especes de cicadines de l'ambre de la Baltique.

— Annales Historico-Naturales Musei Hungarici,

Budapest 8: 125-128.

BOTOSANEANU L (1981): On a false and genuine cad-

dis-fly from Burmese amber (Insecta: Trichop-

tera, Homoptera). — Bulletin Zoologisches

Museum Universiteitt van Amsterdam, Amster-

dam 8/10: 73-78.

BRUES C.T. (1933): Progressive change in the insect
population of forests since the early Tertiary. —
The American Naturalist 62: 303-313.

CANO R.J., POINAR H. & G.O. jr POINAR 1992. Isolation

and partial characterization of DNA from the
bee Proplebeia dominicana (Apidae: Hymenop-
tera) in 25-40 million year old amber. — Medical
Science Research 20: 249-251.

CARIDAD J. (1999): Ämbar Dominicano. — Estudios del
Museo de Ciencias Naturales de Alava 14,
Numero especial 2: 141-147.

CARPENTER F.M. (1992): Treatise on Invertebrate
Paleontology. Pt. R. Arthropoda 4. Vols. 3, 4.
Superclass Arthropoda. — Geological Society of
America, Boulder, Colorado, and University of
Kansas, Kansas, Lawrence, Kansas. 655 pp.

COCKERELL T.D.A. (1910): Some insects in Baltic Amber.
— Entomologist 43: 153-155.

COCKERELL T.D.A. (1917): Insects in Burmese amber. —
Annals of the Entomological Society of America,
Columbus, Ohio 10: 323-329.

DAHLSTROM A. & L. BROST (1996): The Amber Book. —

Geoscience Press, Tucson, Arizona. 144 pp.

DALMAN J.W. (1825): Om Insekter inneslutne i copal;
jemte beskrifning p i nägra deribland förekom-
mande nya slägten och arter. — Konglig Vete-
nskaps-academiens Handlingar for ar 1825,
Stockholm: 375-410.

DIETRICH C.H. & L.L. DEITZ (1993): Superfamily Mem-
bracoidea (Homoptera: Auchenorrhyncha). II.
Cladistic analysis and conclusions. — Systematic
Entomology 18: 297-312.

DIETRICH C.H. & F.E. VEGA (1995): Leafhoppers
(Homoptera: Cicadellidae) from Dominican
amber. — Annals of the Entomological Society
of America 88(3): 236-270.

EMEUANOV A.F. (1983): Nosatka iz mela Talmyra (In-
secta, Homoptera). — Paleontologicheski! Zhur-
nal 17(3): 79-85.

EMEUANOV A.F. (1990): A new genus and a new tribe
of the family Achilidae (Homoptera, Cicadina)
from the Baltic Amber. — Vestnik Zoologii 1:
6-10.

EMEUANOV A.F. (1994): Pervaya iskopayemaya nak-
hodka semeTstva Derbidae i pereopisanie paleo-
genovovo roda Hooleya COCKERELL (Achilidae)
(Insecta: Homoptera, Fulgoroidea). — Paleonto-
logicheskiT Zhurnal 3: 76-82.

EMEUANOV A.F. & D.E. SHCHERBAKOV (2000): Kinnaridae
and Derbidae (Homoptera, Fulgoroidea) from
the Dominican amber. — Neues Jahrbuch für
Geologie und Paläontologie Monatshefte 2000
(7) 438-448.

FENNAH R.G. (1963): New fossil fulgorid Homoptera
from the amber of Chiapas, Mexico. — Universi-
ty of California Publications In Entomology 31:
43-48.

FENNAH R.G. (1987): A new genus and species of Cixi-
idae (Homoptera, Fulgoroidea) from Lower
Creatceous amber. — Journal of natural History,
London 21(5): 1237-1240.

GANZELEWSKI M. (1986): Aussehen und Eigenschaften
von "Bernstein". — In: GANZELEWSKI M.& R.SLOTTA

(Eds.), Bernstein-Tränen der Götter. Bochum
(Veröffenlichungen aus dem Deutschen Berg-
bau-Museum Bochum Nr. 64). 19-26.

GEINAERT E. (1998): L'ambre. — Mineraux & Fosilles
266: 2-40.

GERMAR E.F. & G.C. BERENOT (1856): Die im Bernstein
befindlichen Hemipteren und Orthopteren der
Vorwelt. Königsberg. II. Bd. II. 1-40.

GEBICKI C. & J. SZWEDO (2000a): Kulickamia jantaris
gen. et sp. n. from Baltic amber (Hemiptera: Ful-
goroidea: Cixiidae). — Polskie Pismo Entomolo-
giczne69(3): 167-173.

GEBICKI C. & J. SZWEDO (2000b): A fossil ugyopinae
planthopper from Baltic amber (Hemiptera: Ful-
goroidea: Delphacidae). — Polskie Pismo Ento-
mologiczne 69(4): 389-395.

GEBICKI C. & J. SZWEDO (2001): The first record of fossil
Mileewinae from Eocene Baltic amber
(Hemiptera: Membracoidea: Cicadillidae)

GEBICKI C. & P. WEGIEREK (1993): Oligocixia electrina
gen. et sp. nov. (Homoptera, Auchenorrhyncha,
Cixiidae) from Dominican amber. — Annalen
des Naturhistorischen Museum Wien 95 A:
121-125.

GEBICKI CG. (1856): Fauna der Vorwelt mit steter
Berücksichtigung der lebenden Thiere mono-
graphisch dargestellt. 2. Gliederthiere, 1. Abtei-
lung. Insekten und Spinnen, Leipzig, 411 pp.

53

© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at



GIEBEL CG. (1862): Wirbeltier- und Insektenreste im

Bernstein. — Zeitschrift für die gesamten Natur-

wissenschaften. Herausgegeben von dem

Naturwissenschaftlichen Vereine für Sachsen

und Thüringen in Halle, Berlin 20: 311-321.

GRIMALDI D. (1996): Amber - window to the past. —

Harry M. Abrams Inc., Washington D.C. 216 pp.

HAMILTON K.G.A. (1971): A remarkable fossil homop-

teran from Canadian Cretaceous Amber repre-

senting a new family. — Canadian Entomologist

103: 943-946.

HAMILTON K.G.A. (1999): The ground-dwelling leaf-

hoppers Myerslopiidae, new family and Sagma-

tiini, new tribe (Homoptera: Membracoidea). —

Invertebrate Taxonomy 13(2): 207-235.

HENWOOD A.A. (1993): Ecology and taphonomy of

Dominican Republic amber and its inclusions. —

Lethaia 26(3): 237-245.

HILLMER G., VOIGT P.C., & W. WEITSCHAT (1992): Bern-

stein in Regenwald von Borneo. — Fossilien

9(6): 336-340.

HILLMER G., WEITSCHAT W. & N. VAVRA (1992): Bernstein

aus dem Miozän von Borneo. — Naturwissen-

schaftliche Rundschau 45(2): 72-74.

HOPE F.W. (1836): XXX. Observations on succinic in-
sects. — The Transactions of the Entomological
Society of London, London Vol. 1 (1834-1836),
Part 3: 133-147.

HOPE F.W. (1837): X. Observations on succinic insects.

Second Part. Gums and resins. — The Transac-

tions of the Entomological Society of London,

London Vol. 2: 46-57.

ITURRALDE-VINENT M.A. & R.D.E. MACPHEE (1996): Age

and palaeogeographical origin of Dominican

amber. — Science 237: 1850-1852.

JACOBI A. (1938): Eine neue Bernsteinzikade (Rhyn-

chota, Homoptera). — Sitzungberichte der

Gesellschaft der Naturforschenden Freunde zu

Berlin 15: 188-189.

KATINAS V. (1971): Yantar' i yantarenosnye

otlozheniya yuzhnol Pribaltiki. — Izdatel'stvo

Mintis, Vilnus, 151 pp.

KEILBACH R. (1982): Bibliografie und Liste der Arten

tierischer Einschlüsse in Fossilien, Harzen sowie

ihre Aufbewahrungsorte. — Deutsche Entomo-

logische Zeitschrift, Neue Folge 29(1-3):

129-286.

KORNILOVICH N. (1903): Sochranilas li struktura popi-

rechnopolosatykh myshc u nasekomykh vst-

rechayushchikhsya v iskopaemom yantare? —

Protokoly Obshchestva Estestvoispytatelet pri

Imperatorskom Yurevskom Universitete 13(2):
198-206.

KOSMOWSKA-CERANOWICZ B. (1983). Bursztyn i jego

geneza. — In: Bursztyn w przyrodzie. Przewod-

nik i katalog wystawy. Wydawnictwo Geolo-

giczne, Warszawa, 99 pp.

KOSMOWSKA-CERANOWICZ B. (1994): Bursztyn z Borneo

— najwifksze na swiecie zloze zywicy kopalnej.

— Przeglgd Geolog iczny 7: 576-578, 604.

KRUMBIEGEL G. & B. KRUMBIEGEL (1996a): Bernsteinla-
gerstätten und -vorkommen in aller Welt. — In:
GANZELEWSKI M. S R. SLOTTA (Eds.), Bernstein-Trä-
nen der Götter. Katalog Ausstellung Deutsches
Bergbau-Museum, Bochum, Veröffenlichungen
aus dem Deutschen Bergbau-Museum Bochum
Nr. 64: 31-46.

KRUMBIEGEL G. & B. KRUMBIEGEL (1996b): Pflanzliche
und tierische Organismen im Bernstein.- Biolo-
gische Indikatoren der Erdgeschichte. — In:
GANZELEWSKI M. & R. SLOTTA (Eds.). Bernstein-Trä-
nen der Götter. Katalog Ausstellung Deutsches
Bergbau-Museum, Bochum, Veröffentlichungen
aus dem Deutschen Bergbau-Museum Bochum
Nr. 64: 47-58.

KRZEMINSKA E., KRZEMINSKI W., HAENNI J.-P. & C. DUFOUR

(1993): W bursztynowej pulapce. — Muzeum
Przyrodnicze. Instytut Systematyki i Ewolucji
Zwierzgt PAN, Krakow. 141 pp.

LAMBERT J.B., FRYE J.S. & G.O. POINAR JR (1985): Amber

from the Dominican Republic: analysis of nucle-
ar magnetic resonance spectroscopy. — Archa-
eometry 27: 43-51.

LARSSON S.G. (1978): Baltic Amber - A Paleontological
Study. — Entomograph I. Scandinavian Scientific
Press, Klampenborg. 192 pp.

MCKAMEY S.H. 1998. Taxonomic Catalogue of the
Membracoidea (Exclusive of Leafhoppers).
Second Supplement to Fascicle I — Membraci-
dae of the General Catalogue of the Hemiptera.
— Memoirs of the American Entomological
Institute 60: 1-377.

MiERZEJEWSKi P. (1976a): On application of scanning
electron microscopy study of organic inclusions
from the Baltic amber. — Rocznik Polskiego
Towarzystwa Geologicznego 46(3): 291-295.

MIERZEJEWSKI P. (1976b): Scanning electron microsco-
pe studies on fossilization of Baltic amber spi-
ders (preliminary note). — Annals of the Medi-
cal Section of the Polish Academy of Sciences
21(1/2): 81-82.

MILLS J.S., WHITE R. & LJ. GOUGH (1984): The chemical

composition of Baltic amber. — Chemical Geo-
logy 47: 15-39.

NISSENBAUM A. & A. HOROWITZ (1992): The Levantine
amber belt. — Journal of African Earth Sciences
14(2): 295-300.

PETRUNKEVITCH A. (1935): Striated muscles of an amber
insect. — Nature 135: 760-761.

PETRUNKEVITCH A. (1950): Baltic amber spiders in the
Museum of Comparative Zoology. — Bulletin of
the Museum of Comparative Zoology, Harvard
University 103: 259-337.

PIKE E.M. (1993): Amber taphonomy and collecting

biases. — Palaios 8(5): 411-419.

POINAR H.N., Hoss M., BADA J.L. & S. PAABO (1996):

Amino Acid Racemization and the preservation

of Ancient DNA. — Science 272: 864-866.

POINAR jr G.O. (1991): Hymenaea protera sp. n. (Legu-
minosae, Caesalpinioideae) from Dominican
amber has African Affinities. — Experientia 47:
1075-1082.

54

© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at



POINAR jr G.O. (1992): Life in amber. — Stanford Uni-

versity Press, Palo Alto, California. 350 pp.

POINAR jr G.O. (1993): Insects in amber. — Annual
Review of Entomology 38: 145-159.

POINAR jr G.O. (1999): Cenozoic fauna and flora in
amber. — Estudios del Museo de Ciencias Natu-
rales de Alava 14, Numero especial 2: 151-154.

POINAR jr G.O. & J. HAVERKAMP (1985): Use of pyrolysis
mass spectrometry in the identification of
amber samples. — Journal of Baltic Studies 16:
210-221.

POINAR jr G.O. & R. HESS (1982): Ultrastructure of 40-
million-year-old insect tissue. — Science 215:
1241-1242.

POINAR jr G.O., POINAR H.N & R.J. CANO (1994): 6. DNA

from Amber Inclusions. Fixed and Embedded
Samples. — In: HERRMANN B. & S. HUMMEL (Eds.),
Ancient ONA. Springer Verlag New York Inc. 92-
103.

POINAR jr G.O., R. POINAR (1999): The Amber Forest: A
Reconstruction of a Vanished World. — Prince-
ton University Press, Princeton, 216 pp.

RICE P.C. (1987): Amber, the Golden Gem of the Ages.
2 n c i edition. — The KoSciuszko Foundation Inc.,
New York, Van Nostrand Reinhold Company,
New York. 269 pp.

Ross A.J. (1999): Amber: the natural time capsule. —
Harvard University Press. 74 pp.

SCHLEE D. (1970): Insektenfossilien aus der Unteren
Kreide — 1. Verwandtschaftsforschung an fossi-
len und rezenten Aleyrodina (Insecta: Hemip-
tera). — Stuttgarter Beiträge zur Naturkunde,
Serie A, Biologie 213: 72 pp.

SCHLEE D. (1990): Das Bernstein-Kabinett. — Stuttgar-
ter Beiträge zur Naturkunde, Serie C 28: 100 pp.

SCHLEE D. & W. GLÖCKNER (1978): Bernstein, Bernsteine
und Bernsteinfossilien. — Stuttgarter Beiträge
zur Naturkunde, Serie C 8: 72 pp.

SCHLÜTER T. (1978): Zur Systematik und Paläoökologie
harzkonservierter Arthropoda einer Taphozoo-
zönose aus dem Cenomanium von NW-Frank-
reich. — Berliner geowissenschaftliche Abhand-
lungen, Berlin 1, 9: 150 pp.

SCHLÜTER T. & F. VON GNIELINSKI (1987): The East African
Copal. Its Geologic, Stratigraphic, Paleontologic
Significance and comparison with Fossil Resins
of similar age. — National Museum of Tanzania
Occasional Papers 8: 32 pp.

SENDEUUS N. (1742): Historia succinorum corpora alie-
num involventium, et naturae opere pictorum
et caelatorum, ex regiis Augustorum cimeliis
Dresdae conditis aeri insculptorum conscripta.
— Elbing, 328 pp.

SHCHERBAKOV D.E. (1992): The earliest leaf hoppers
(Hemiptera: Karajassidae n. fam.) from the
Jurassic of Karatau. — Neues Jahrbücher für
Geologie und Paläontologie Abteilung 1: 39-51.

SHCHERBAKOV D.E. (1996): Origin and Evolution of the
Auchenorrhyncha as shown by the Fossil
Record. — In: SCHAEFFER C.W. (Ed.), Studies on
Hemipteran Phylogeny. Thomas Say Publicati-
ons in Entomology. Entomological Society of
America, 31-45.

SHCHERBAKOV D.E. (2000): Permian Faunas of Homop-
tera (Hemiptera) in Relation to Phytogeography
and the Permo-Triassic Crisis. — Paleontological
Journal 34, Suppl. 2: 251-267.

SPAHR U. (1988): Ergänzungen und Berichtigungen
zu R. KEILBACHS Bibiliographie und Liste der Bern-
steinfossilien-Oberordnung Hemipteroidea. —
Stuttgarter Beiträge zur Naturkunde, Serie B
(Geologie und Paläontologie) 144: 1-60.

STATZ G. 1950. Cicadariae (Zikaden) aus den oberoli-
gocänen Ablagerungen von Rott. — Palaeonto-
graphica 98(1-4): 1-46.

STROINSKI A. & J. SZWEDO (2000): Tonacatecutlius gib-
soni gen. and sp. nov. from Oligocene/Miocene
Mexican amber (Hemiptera: Fulgoroidea: Nogo-
dinidae). — Annales Zoologici 50(3): 341-345.

SZWEDO J. (2000a): Oliarus kulickae sp. n. from Domi-
nican amber (Hemiptera: Fulgoroidea: Cixiidae).
— Polskie Pismo Entomologiczne 69(2): 161-
166.

SZWEDO J. (2000b): First fossil Tropiduchidae with a
description of a new tribe Jantaritambini from
Eocene Baltic amber (Hemiptera: Fulgoroidea).

— Annales de la Societe Entomologique de
France (N.S.) 36(3): 279-286.

SZWEDO J. (2001): A substitute name for the extinct
genus Mundopoides FENNAH (Hemiptera: Fulgo-
roidea: Cixiidae). — Genus. International Jour-
nal of Invertebrate Taxonomy 12(3): 275.

SZWEDO J. & C. GEBICKI (1998): Ambericarda skalskii
gen. et sp. n. from baltic amber (Homoptera:
Cicadellidae). — Polskie Pismo Entomologiczne
67(4): 179-184.

SZWEDO J. & C. GEBICKI (1999): Representatives of Peta-
locephalini (Homoptera, Cicadellidae: Ledrinae)
in Baltic amber. — Estudios del Museo de Cien-
cias Naturales de Alava 14, Numero especial 2:
201-206.

SZWEDO J. & R. KULICKA (1999a): Auchenorrhyncha
(Insecta, Homoptera) in Baltic amber from the
collection of the Museum of the Earth, Warsaw.
— Estudios del Museo de Ciencias Naturales de
Alava 14, Numero especial 2: 175-178.

SZWEDO J. & R. KULICKA (1999b): Inclusions of Auche-
norrhyncha in Baltic amber (Insecta: Homo-
ptera). — Estudios del Museo de Ciencias Natu-
ral es de Alava 14, Numero especial 2: 179-199.

SZWEDO J. & A. STROISSKI (1999): Redescription of 7/7-
tophania patruelis JACOBI, 1938 from Eocene Bal-
tic amber (Hemiptera: Nogodinidae). — Annales
Zoologici 49(3): 203-207.

SZWEDO J. & A. STROISSKI (2001a): Ptychogroehnia
reducta gen. n. from Eocene Baltic amber inclu-
sion (Hemiptera: Fulgoroidea: Achilidae). —
Annales Zoologici 51(1): 95-101.

SZWEDO J. & A. STROISSKI (2001b): Tainosia quisqueyae
gen. and sp. nov. from the Oligocene/Miocene
Dominican amber (Hemiptera: Fulgoroidea:
Nogodninidae). — Genus. International Journal
of Invertebrate Taxonomy. 12(1): 29-34.

USINGER R.L. (1939): Protepiptera, a new genus of
Achilidae from Baltic Amber (Hemiptera, Fulgo-
roidea). — Psyche, London 46: 65-67.

55

© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at



Author's Address:

Dr. Jacek SzvVEDO
Museum and Institute of Zoology,

Polish Academy of Sciences,

Wilcza 64,
PL00-679 Warszawa, Poland

e-mail: szwedo@miiz.waw.pl

WANG X.S., POINAR H.N., POINAR jr G.O. & J.L. BAOA

(1995): Amino acids in the amber matrix and in
entombed insects. — In: ANDERSEN K.B. & J.C.
CRELUNG (Eds.), Amber, Resinite and Fossil Resins.
American Chemical Society, Washington, DC,
255-262.

WErrscHAT W. (1997): Bitterfelder Bernstein - ein
eozäner Bernstein auf miozäner Lagerstätte. —
Metalla, Sonderheft, Neue Erkenntnisse zum
Bernstein - Internationales Symposium im Deut-
schen Bergbau-Museum 66: 71-84.

WEITSCHAT W. & W. WICHARD (1998): Atlas der Pflanzen
und Tiere im Baltischen Bernstein. — Verlag Dr
Friedrich Pfeil. München. 260 pp.

Wu R.J.C. (1996). Secrets of a Lost World. Dominican
Amber and Its Inclusions. — Santo Domingo,
Dominican Republic. 222 pp.

ZHERIKHIN V.V. (1978): Razvitie i smena melovykh i kai-
nozoiskikh faunisticheskikh kompleksov (Trak-
heinyie i Khelicerovye). — Trudy Paleontologi-
cheskogo Instituta, Akademia Nauk SSSR, Mosk-
va 165: 198 pp.

ZHERIKHIN V.V. & K.Y. ESKOV (1999): Mesozoic and
Lower Tertiary Resins in former USSR. — Estudi-
os del Museo de Ciencias Naturales de Alava 14,
Numero especial 2: 119-131.

ZHERIKHIN V.V. & I.D. SUKACHEVA (1973): O melovykh
nasekomonosnykh "yantaryakh" (retinitakh)
severa Sibiri. — Voprosy paleontologii nase-
komykh. Doklady na XXIV ezhygodnom chtenii
pamyati N.A. Kholodkovskogo, 1-2 aprelya 1971
g., 3-48.

56

© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Denisia

Jahr/Year: 2002

Band/Volume: 0004

Autor(en)/Author(s): Szwedo Jacek

Artikel/Article: Amber and amber inclusions of planthoppers, leafhoppers and their relatives
(Hemiptera, Archaeorrhyncha et Clypaeorrhyncha) 37-56

https://www.zobodat.at/publikation_series.php?id=1610
https://www.zobodat.at/publikation_volumes.php?id=2382
https://www.zobodat.at/publikation_articles.php?id=5488

