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Abstrakt

Pfedmétem ptedkladaného vyzkumu bylo téméf 3700 fosilnich
zbytki rostlin ze spole€enstvi spodnomiocénnich ulozenin mostecké
panve. Pozornost byla zaméfena pfedevS§im na dvé sedimentarni
télesa, a to tzv. ,bilinskou deltu” a ,btestanské jily*, které byly
porovnavany z hlediska Cetnosti a rozmanitosti poskozeni listd
rostlin zpuisobenych ¢lenovci. Sledovany byly rozdily v ramci celych
rostlinnych spolecenstev i v mezi soubory zastoupené pouze taxony s
25 a vice listy. V obou téchto kategoriich byly vyznamné rozdily, a
to zejména v souvislosti s vyssi frekvenci a proporcionalnim
vyskytem odlisnych funkéné potravnich skupin v uloZeninich
"bilinské delty". Jedinou vyjimkou byla tvorba halek, ktera se jevi
Ctyfikrat cetnéjsi v ulozeninach ,bfestanskych jili“. Rozdily, které
se tykaji diverzity odlisSnych typti poskozeni, jiz byly méné
vyznamné. Tato zjisténi indikuji o néco teplejsi klimatické podminky
v prosttedi "bilinské delty", a zcela urcité susSi prostredi
"brestanskych jili". Nejvyssi diverzita odlisnych typti poSkozeni u
jednotlivych rostlinnych taxonti byla zaznamenana u listnatych
opadavych stromt roda Alnus, Nyssa a Populus. Zvlastni pozornost
byla zaméfena na kvantitativni vyhodnoceni pfitomnosti hmyzich a
¢lenovéich halek, u kterych se rovnéz v fadé ptipadi podafilo i blizsi
taxonomické urceni. Bylo tak identifikovano celkem ctrnact
pravdépodobnych puvodci na zakladé unikatnich morfologickych
charakteristik, velikosti, po¢tu a umisténi na listech hostitelské
rostliny. Mezi tvirci halek byli zastoupeni pifedev§im rozto¢i (Acari)
Celedi Eriophyidae, ms$ice (Hemiptera: Psyllidae), bejlomorky
(Diptera: Cecidomyiidae) a zlabatky (Hymenoptera: Cynipidae).
Halky na vétvickach rodu Taxodium indukované puvodci z rodu
Taxodiomyia (Diptera: Cecidomyiidae) byly zaznamenany vibec
poprvé V celosvétovém méfitku. Mezi dal§i zajimavé nalezy patii i
jiné specifické typy poskozeni, jako jsou napiiklad minujici Zir
(Lepidoptera: Nepticulidae), stopy ovipozice (Odonata: ?Lestidae)
na listu vrby Salix haidingeri nebo otisky schranek &ervel
(Hemiptera: Coccoidea) na listu Fraxinus sp.. Zajimavy je rovnéz
nalez schranek chrostiki, popiipad€ motyll z ¢eledi vakonoSovitych
(Lepidoptera: Psychidae) zbudované vyluéné z taxodiovych jehlic.
Vsechny tyto uvedené asociace svéd¢i o velmi dlouhé evolucni
historii vztahti pivodct téchto specifickych typt poskozeni a jejich
rostlinnych hostitelt.
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Abstract

An extensive collection of nearly 3700 plant fossil remains from
lower Miocene deposits of the Most Basin were examined. Two
different sedimentary bodies, “Bilina Delta” and “Bfestany Clay”,
were examined for various damages caused by arthropods.
Determing the frequency and diversity of plant-arthropod
interactions was the main objective, followed by a comparison of the
level of damage based on at least 25 specimens of plant taxa.
Significant differences were confirmed in this regard, especially in
connection with higher frequency and proportional occurrences of
distinct functional feeding groups in the Bilina Delta. The galls were
the only exception, being much more frequent in Biestany Clay. The
obtained differences concerning the damage diversity were resulted
less significant. These circumstances indicate possibly slightly
warmer climatic conditions in the Bilina Delta, but certainly the drier
one in Bfestany Clay. The highest diversity among individual plant
taxa was recorded for deciduous trees genera Alnus, Nyssa and
Populus. Special attention was focused on quantitative analyses and
taxonomic assignement of specialized damages as galls. Fourteen
distinct arthropods were identified as possible causers of fossil galls.
Similarities in the form, size and position on the host-plant leaves
allowed identifications at least to the family or generic level and to
discuss their relationships in comparison to extant gall-inducing
species causing morphologically similar galls on the related host-
plants. The fossil galls were induced by members belonging to the
following insect and mite families: Psyllidae (Hemiptera),
Cecidomyiidae (Diptera), Cynipidae (Hymenoptera) and Eriophyidae
(Acari). Galls on Taxodium induced by gall midges of the genus
Taxodiomyia (Diptera: Cecidomyiidae) are recorded for the first
time. The other highly specialized types of insect damage, such as
nepticulid moths (Lepidoptera) leaf mine, odonatan damselflies
(?Lestidae) oviposition on the willow leaf and a spectacular
impression of the scale insect (Hemiptera: Coccoidea) on the leaf of
ash, were also discovered. One remarkable non-herbivore plant-
arthropod interaction was newly characterized by several records of
caddisfly (Trichoptera) or bagworm moths (Lepidoptera: Psychidae)
cases built exclusively of Taxodium needles. All these introduced
associations confirm long term co-evolutionary relationships
between arthropods and their host plants.
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1. Uvod

Interakce mezi herbivornimi ¢lenovei a jejich hostitelskymi
rostlinami se podstatnou mérou podili na vytvafeni velmi komplexni
a slozité sité trofickych vztaht v rdmci vSech suchozemskych
ekosystému. Charakter, intenzita a rozmanitost té&chto vzajemnych
vztaht jsou ¢asto ovlivnény, podobné jako tomu bylo i v minulosti,
ménicimi se klimatickymi i dal§imi environmentalnimi podminkami
(Wilf a Labandeira, 1999; Wilf et al, 2001; Labandeira et al, 2002;.
Wappler, 2010; Wappler a Denk, 2011, Prokop et al, 2010,.
Labandeira a Currano, 2013). Vyznamnou mérou se podileji
chemismus pidy a samotné fyziologické vlastnosti rostlin
(Fernandes a cena 1991, Cuevas-Reyes et al 2003.). Kvalitativni a
kvantitativni analyza jejich charakteristickych stop, zejména téch,
vyskytujicich se na povrchu fosilnich listd, maji tedy velky vyznam,
pokud jde 0 poznavani jejich vzajemné evolucni historie a také
poskytuji prilezitost k lep$imu porozuméni globalnich trendt v
klimatickych a dal§ich environmentalnich zménach v minulosti.

2. Cile prace

Tato prace se zabyva v podstaté dvéma aspekty predev§im
herbivornich asociaci mezi rostlinami a ¢lenovci V ramci rostlinnych
spolecenstvi mostecké panve. Prvni spociva v porovnani Cetnosti a
diverzity odlisnych typt poskozeni zpisobenych hmyzem a ¢lenovci
mezi dvéma sedimentarnimi prostfedi, a to ,bilinské delty” a
,biestanskych jili“, nachazejicich v lokalit¢ mostecké panve.
Vysledky jsou pak interpretovany v kontextu klimatickych a
environmentalnich souvislosti a porovnavany s vysledky ziskanymi
na zakladé rtiznych botanickych proxy. Zvlastni pozornost byla v
tomto ohledu zaméfena na specifické interakce, jakymi jsou napf.
halky. VIiv M, (Leaf mass per area) na vyskyt jednotlivych funkéné
potravnich skupin nebo na procento poskozenych listt byl v téchto
souvislostech také zohlednén. Druhym hlavnim tématem této studie
bylo taxonomické urceni nejlépe dochovanych halek i dalSich druhid
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specifickych interakci za ¢elem prokazani jejich dlouhé koevoluéni
historie a environmentalnich poZzadavka.

3. Material a metodika

Studovany materidl se nachdzi v Narodnim muzeu v Praze a
Vv depozitafi geologické sekce akciové spolecnosti Severoceské doly
v Biling. Obé tyto kolekce celkové zahrnuji 3509 fosilnich listd
dvoudéloznych rostlin a 133 wvétvicek tisovce zcelkem 23
fosilifernich vrstev. Za ucelem kvantitativni analyzy byly jednotlivé
typy poskozeni determinovany na zakladé své velikosti, tvaru, poctu
a pozice na Cepeli listu za vyuziti manualu, ktery obsahuje prace
Labandeira a kol. (2007). Dle stejného kli¢e pak byly detekované
jednotlivé typy poskozeni (DT) roziazovany do osmi pfislusnych
funkéné potravnich skupin (FFG). V této studii jsou rozliSovany
nasledujici FFG: dutinovy zir (Hole feeding), okrajovy zir (Margin
feeding), povrchovy zir (Surface feeding), kostrovy zir
(Skeletonization), tvorba halek (Galling), minujici zir (Mining),
tvorba vpichu s naslednym sanim (Piercing and sucking) a kladeni
vaji¢ek (Oviposition). Aby bylo mozné porovnat diverzitu rtiznych
FFG mezi rtizné velkymi soubory z odlisnych sedimentarnich téles,
tj. bilinské delty” a ,biestanskych jila“, byly uzity dvé varianty
rarefakci, s opakovanim a bez. Pro veSkeré analyzy dat bylo uzito
statistického prostfedi programovaciho jazyka R, verze 2.10.0 (R
Development Core Team, 2009). Za ucelem oddé€leni klimatickych
vlivii od vlivu taxonomického slozeni rostlin byly uzity dvé dvojice
datovych souborti. Prvni obsahovala vSechny taxony dvoudéloznych
rostlin z obou prostiedi. Ve druhé byly oba soubory redukovany na
0smi taxonii zastoupenych soucasné v obou prostfedich poétem 25 a
vice exemplatt. To bylo provedeno s pomoci dopliikového balicku
Vegan. Kazdy list, ktery mél kompletni ptipojeny fapik a relativné
neporusenou listovou Cepel byl vyuzit k provedeni M, analyzy.
K jeho méfeni byla vyuZita volné dostupna aplikace Image J
(http://rsb.info.nih.gov/ij). Pro stanoveni vlastni hmotnosti na plochu
listu, byl pouzit vypocet podle protokolu Royer a kol. (2007).
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Pristrojové vybaveni pro detailni vyzkum morfologie specifickych
typt interakci za ucelem jejich bliz§itho taxonomického urceni
zahrnovalo nasledujici polozky — binokularni mikroskop Leica
MZ16, opticky mikroskop Olympus a fotoaparat Canon D550
s reverznim objektivem MP-E 65 mm nebo makro objektivem EF-S
60 mm. VsSechny pofizené fotografie byly dale zpracovany
v grafickém programu Adobe Photoshop 8.0.

4. Vysledky a diskuze

Pokud jde o srovnani ¢etnosti a diverzity interakci mezi prostfedimi
,bilinské delty” a ,biestanskych jili“, byly potvrzené vyznamné
rozdily, které se tykaly zejména vysS§i Cetnosti a proporcionalniho
vyskytu odlisnych funkéné potravnich skupin dosazenych v souboru
,bilinské delty”. Jedinou vyjimkou byla tvorba halek, ktera
dosahovala Vv souboru bfestanskych jili az Ctyfnasobné vyssi
hodnoty oproti uloZeninam bilinské delty. Tato zjisténi nasvédcuji
spiSe teplejsim klimatickym podminkam v prostiedi bilinské delty a
zjevné sus§imu prostiedi brestanskych jild. Sledované jednotlivé
rostlinné taxony vykazuji rovnéz znacné rozdily v Cetnosti riznych
funkéné potravnich skupin a diverzné odlisnych typa poskozeni.
Mezi jednotlivymi funkén€ potravnimi skupinami pievazuje
dutinovy zir, nasledovan okrajovym Zirem a tvorbou halek. Nejvice
zasazenymi riznymi typy zirt se jevi byt tenkolisté opadavé dieviny,
zvlasté druhy Carya sp. a Populus zaddachii. Tento typ dfevin, mezi
néz patii 1 rody, Acer, Alnus, Fraxinus, Nyssa a Populus také
dosahuji nejvyssi rozmanitosti odliSnych typt poskozeni. Na druhou
stranu, stalezeleny dub druhu Quercus rhenana se svymi kozovitymi
listy vykazuje rovnéz pomérné velkou rozmanitost poSkozeni.
Zbyvajici taxony az na né€kolik vyjimek pak dosahuji spise
vyrovnanych hodnot diverzity v rdmci odliSnych typti poskozeni.
Porovnani zavislosti dosazené diverzity vSech typili poSkozeni na
Cetnosti jejich vyskytu v ramci pocetné dostateCn€ zastoupenych
rostlinnych taxonti poskozeni prokazuje mirn¢ pozitivni korelaci,
podobné jako je tomu v pfipadé halek. Pokud jde o analyzu My, byl
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potvrzen jeho vyznamny vliv na frekvenci pouze v piipadé
dutinového ziru. Procento poskozenych listt klesd s rostouci Ma
pouze V prostiedi ,bilinské delty*. Puvodci specifickych typt
interakci, u kterych se podafilo jejich pfesnéjsi taxonomické urceni,
zahrnuji v piipadé halek pfedev§im rtizné Zlabatky (Hymenoptera:
Cynipidae) a bejlomorky (Diptera: Cecidomyidae). Vzacny minujici
zir byl ptisouzen minujici larvé no¢niho motyla z celedi Nepticulidae
(Lepidoptera). Diagniostikovana byla rovnéz ovipozice Sidélka
(Odonata: ?Lestidae) a otisky schranek ¢&ervei (Hemiptera:
Coccoidea). Zajimavy je rovnéz nalez schranek chrostiki, poptipadé
motyld z cCeledi Psychidae (Lepidoptera) zbudované vyluéné
z taxodiovych jehlic. Mezi dal$i zajimavé vzorky patii naptiklad
vyskyt apothécii hub (Pyrenomycetes) na zkamenélé kife povrchu
a dalSich, dosud neidentifikovanych hub na povrchu listl,
indikujicich rozkladné procesy.

5. Zavér

Pfi  vzajemném porovnani rostlinnych spoleCenstvi dvou
sedimentarnich téles mostecké panve, starSi ,bilinské delty*
a ,brestanskych jila“, vySla najevo vyznamné odlisna tGroven
Cetnosti, a do menSi miry i diverzity poskozeni zpusobenych
hmyzem i dal$imi ¢lenovci. Pokud jde o celkovy soubor vSech
rostlinnych taxonii z obou vys$e uvedenych prostiedi, jsou zde rovnéz
rozdily v obou sledovanych kategoriich mezi riznymi taxony rostlin.
Opadavé dfeviny s tenkymi listy jsou vice zasaZeny poskozenimi nez
stalezelené nebo poloopadavé stromy s tlust§imi, kozovitymi listy.
Taxonomicky urcené specifické typy interakci, jako jsou naptiklad
halky, minujici Zir nebo ovipozice, ukazuji na pomérné¢ dlouhou
koevolucni historii jejich pivodc se svymi rostlinnymi hostiteli.

6. Literatura
Viz References
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1. Introduction

The interactions between herbivorous arthropods and their host
plants make up a substantial part of the complex and intricate
network in all terrestrial ecosystems. The features, intensity and
diversity of these inter relationships are often influenced to a similar
extent by current and past climatic and environmental conditions
(Wilf and Labandeira, 1999; Wilf at al., 2001; Labandeira et al.,
2002; Wappler, 2010; Wappler and Denk, 2011; Prokop et al., 2010;
Labandeira and Currano, 2013). Specific aspects like the physiology
of the plants, soil chemistry and nutrients are probably involved too
(Fernandes and Price, 1991; Cuevas-Reyes et al. 2003). Qualitative
and quantitative analyses of their characteristic footprints, especially
those occurring on the surface of fossil leaves, are thus of the great
importance with regard to the study of the co-evolutionary processes
concerning these groups of organisms and provide also the
opportunity of a better understanding of the overall trends in climatic
and other environmental changes in the past.

2. Aims of the study

This work deals basically with two aspects of mainly herbivorous
associations between plant and arthropods from the rich fossil
assemblages of the Most Basin. The first issue of this research is to
compare mutual relationship concerning the frequency and diversity
of the distinct damage types caused by arthropods between two
different sedimentary environments, namely "Bilina Delta" and
"Brestany Clay" situated in this locality, followed by its evaluation
in connection with presumably climatic conditions established on
different palaeobotanical proxies. Special attention has been in this
regard focused on specific types of the interactions like galling. The
influence of the MA (Leaf mass per area) on the incidence of the
individual functional feeding groups or on proportion of damaged
leaves has been also taken into account. The detailed taxonomic
determination of the best preserved galls and the other types of the
specific interactions in order to evaluate their long co-evolutionary
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history and environmental requirements was the second main issue
of this study.

3. Material and methods

The material studied is housed in the National Museum in Prague
and the Bilina Mine enterprise collections including the private
collection of Mr Zden€k Dvotak. These collections consist of a total
of 3509 fossil dicotyledonous leaves and 133 Taxodium branchlets
from 23 fossiliferous layers. All the dicotyledonous leaves were
examined for damage caused by arthropods and the type of damage
was categorized based on its position, size and morphology
following the method of Labandeira et al. (2007). The different types
of damage (DTs) were then classified into one of eight functional
feeding groups (FFGs): hole feeding (HF), margin feeding (MF),
skeletonization (S), surface feeding (SF), galling (G), mining (M),
piercing and sucking (PS) and oviposition (O) as described by
Labandeira et al. (2002, 2007). In order to compare the diversity of
the different FFGs between plant assemblages from different
sedimentary environments, rarefaction procedures were applied,
using two distinct rarefaction methods with and without repetition.
Quantitative analysis of insect damage occurrence and diversity was
done in the R 2.10.0 statistical environment (R Development Core
Team, 2009). In order to separate the causes of changing interactions
into plant composition component and climate, we used two types of
datasets. The first were the complete assemblages of dicotyledonous
plants from the “Bilina Delta” and “Bfestany Clay”. The second
dataset was the subset of the eight species, which occurred
simultaneously in both environments and were represented by 25 and
more specimens in each. This was done using the Vegan Package.
Every fossil leaf that clearly shows the attachment of a complete
petiole to the blade and had a relatively complete leaf area was used
in a leaf mass per area (M,) analysis. Measurements were made
using Image J (http://rsh.info.nih.gov/ij), and MA values were
calculated using the protocol of Royer et al. (2007) The systematic
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determinations of the selected highly specific types of interactions,
like galls and the mines, were made on the basis their morphological
similarities and taxonomical affinity to certain plant hosts. Each leaf
with a specific type of damage or its impression was carefully
examined under the Leica MZ16 Stereomicroscope and
photographed using the Canon D550 camera with a reversed MP-E
65 mm lens or an EF-S 60 mm lens. Original photographs were
processed using the image-editing software Adobe Photoshop 8.0.

4. Results and discussion

The statistical analyses concerning the differences in the
frequency and diversity of the types of damage and functional
feeding groups between two separate but subsequent environments,
namely those of the stratigraphically older “Bilina Delta” and
younger “Bfestany Clay”, confirmed significant differences.
Especially achieved frequency and proportional occurrences of the
damage types from almost all functional feeding groups in the
“Bilina Delta” were much higher. Galling is in this regard the
notable exception, with the frequency being four times higher in
“Bfestany Clay”. The obtained differences concerning the damage
diversity were less significant. These circumstances indicate possibly
a little bit warmer climatic condition in the Bilina Delta, but certainly
the drier one in Bfestany Clay (Fernandes a Price, 1988, 1991;
Wright a Samways, 1998; Cuevas-Reyes a kol., 2004; Wilf, 2008).
The observed individual taxa also show significant differences in
frequencies of various functional feeding groups and the diversity of
the distinct damage types. Among individual functional feeding
groups, those of hole feeding, followed by margin feeding and
galling are the most common. Arboreal deciduous elements, such as
Populus zaddachii and Carya sp., seem to be the most affected. Taxa
with chartaceous leaf texture (Acer, Alnus, Fraxinus, Nyssa and
Populus) also attain the highest diversity of distinct damage types.
On the other hand, Quercus rhenana, with its coriaceous texture of
foliage, shows also fairly high diversity of damage. Otherwise, the

10
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comparison of the DT diversity among these individual taxa provides
rather uniform outputs. There is no substantial difference with the
exception of the few taxa with extreme values. Comparing how the
diversity of DTs depends on DT frequency confirms a slight increase
in tendency, although this correlation appears to be very weak.
Corresponding results are also recorded for the different types of
arthropod galls. Concerning the MA analysis, it can be proposed that
the influence of MA on the FFG frequency is significant for hole
feeding only, and the proportion of damaged leaves declines with
rising MA in the DSH. The most important taxonomically classified
interactions are represented by various cynipid wasps (Hymenoptera)
and cecidomyid flies (Diptera) galls, nepticulid moths (Lepidoptera)
leaf mine, odonatan (probably Lestidae) oviposition on the willow
leaf and a spectacular impression of the scale insect (Hemiptera:
Coccoidea) on the leaf of ash. One remarkable non-herbivore plant-
arthropod interaction was newly characterized by several records of
caddisfly cases (immature stage of the family Psychidae
(Lepidoptera) can be the alternative explanation) built exclusively of
needles of Taxodium. The other interesting specimens show for
instance the presence of fungal apothecia (Pyrenomycetes) on the
fossilized bark surface and the other ones on the unidentified leaf
surface, indicating progressive decaying processes.

5. Conclusions

It was confirmed, that sedimentary bodies, the older “Bilina
Delta” and younger “Bfestany Clay” show significantly different
levels of the frequency and to the less extent of the diversity of
arthropod caused damage. When taking into account the whole plant
assemblage from both environments, there is also difference between
the different plant taxa. The deciduous trees with chartaceous leaves
are significantly more affected by arthropod damage than evergreen
or semi deciduous trees with coriaceous leaves. Taxonomically
identified galls and other specific interactions reflect long co-
evolutionary relationship between their causers and host plants.

11
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