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Reproduction structures of damselflies (Odonata, Zygoptera):
are they trace fossils or not?

MeiNoLF HELLMUND & WINFRIED HELLMUND (T)

Abstract

Following a review of relevant mechanisms and structures, we propose to use binary nomenclature for charac-
terizing and naming most fossil egg-sets, clutches and ovipositions of damselflies as trace fossils. We recommend
to sharply distinguish between structures caused by insects and adjoining plant tissues. Only the former are trace

fossils, the latter are not.
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Dedicated to the late Dr. GunTER KrRUMBIEGEL (1926—2014) in friendly commemoration

1. Introduction

The procedure of oviposition by extant damselflies
results in a clearly arranged pattern within plant tis-
sue, showing a special endophytic behaviour. Cavities
are carved into plant tissue in a repeating series, creat-
ing a shelter for the eggs to develop into prolarvas. This
plant-insect interaction has been preserved in a number
of fossil plants (e.g., HELLMunD & HeLLmuND 2013). Imme-
diately after oviposition, the plant reacts to the damage
caused by the damselfly with a noticeable swelling and/or
‘staining effect’, where the colour of the tissue around the
wound is different. This reaction of the plant can even be
observed in the fossil record.

The fossil record of damselflies (Odonata, Zygoptera),
mainly from the Cenozoic, thus includes egg-sets, clutches
and ovipositions (e.g., HeLLmuno & HeLLmunp 2013).
These structures represent praeimaginal stages of hemi-
metabolic insect metamorphosis but have been treated as
trace fossils by PENALVER & DeLcLos (2004), VASILENKO
(2005, 2008) and KRrassiLov & RasNniTsyn (2008). The
latter authors (p. 69) accordingly proposed a new ichno-
taxon, Catenoveon undulatum KRrassiLov et SILANTIEVA in
KRrassiLov & RasniTsyn (2008). The question of whether
or not fossil praeimaginal stages, egg-sets and egg
clutches of zygopteran insects are trace fossils is difficult
to answer. Here we discuss this issue using examples of
fossil and recent biological material.
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2. Definition of trace fossils

A trace fossil has been defined as follows: “... a mor-
phologically recurrent structure resulting from the life
activity of an individual organism (or homotypic organ-
isms) modifying the substrate. [...] The substrate may
be rock, soft to firm sediment, dead organic matter
(peat, wood, shell, bone), or (then) living organic tissue.
[...] Burrows and borings in plants (leaves, wood, etc.)
undoubtedly are traces. There is a “grey zone” of dubious
structures, however, that some workers include as trace
fossils and others do not (BerTLING et al. 2006: 266).”

However, plant reaction tissues are “not traces”,
because they are the reaction from puncture by an insect
during oviposition and are thereby excluded from the “grey
zone” (BerTLING et al. 2006: 266—268 and table 1). Rather,
they qualify as pathological evidence of a past injury.

3. Damselfly ovipositions today
and in the fossil record

The fossilized praeimaginal stages of coenagrionid
damselflies usually are arranged in “zig-zag band” or
other discrete patterns. Four different modes of damselfly
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oviposition have been recognized in the fossil record so
far, showing clear evidence that this reproductive behav-
iour extends well back into Earth history (Fig. 1; e.g.,
HeLLmunp & HeLmunp 2013). Studies of extant species
reveal these patterns of oviposition to persist identically
today (e.g., HELLmunD 1991, 1992, 1994). Each egg is pro-
vided its own shelter as the female carves out a depres-
sion in the plant tissue using the ovipositor apparatus (Fig.
2). These egg-sets often exhibit preference for certain
kinds of plants, e.g. in fossils of laurel leaves Daphnogene
with praeimaginal stages of lestid zygopterans (Fig. 3).

— T N TY T
ire

Fig. 1. Synopsis of the four different fossil modes of zygopteran
egg-sets (known so far), placed within fossil angiosperm leaves
of Cenozoic localities. a, b: Coenagrionid-type: zig-zag mode
(@) and curved mode (b). c, d: Lestid-type: single-row mode (c),
double-row mode (d). Sketches are not to scale. Images adapted
from HELLMUND & HELLMUND (2002b).
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Fig. 2. Extant egg-set of the “Lestid-type” placed in the tissue
of a plant stem, in a single discrete row. For one of these eggs,
the covering plant tissue has been dissected while the other
eggs shine through the covering tissue. Length of one egg ca.
1.40 mm, dissection and photograph: W. HELLMUND.

Coenagrionid damselflies, however, do not seem to prefer
a certain plant type in the fossil record (e.g., HELLMuND &
HeLLmunD 1991, 1996).

After insertion, hemi metabolic metamorphosis of the
damselfly prolarva begins. It is accompanied by an instan-
taneous reaction of the plant. In extant examples, the tis-
sue swells and often has a reddish flare of natural stain
(anthocyanes) surrounding each egg (Fig. 5; HELLMUND
& HeLLmunp 1991). This plant-insect interaction was
found remarkably preserved at the Late Oligocene Rott
Fossillagerstétte, Siebengebirge, Germany (HELLMUND
& HeLtmunp 1991, 1996). There, a laurel leaf of Daph-
nogene had up to 15 eggs inserted, each with a notably
elevated margin, indicating plant-insect interaction (Figs.
3-4). Other fossil angiosperm leaves from Rott preserve
damselfly egg-sets as well, but lack evidence of plant reac-
tion. In these cases, the damselflies may instead have been
laying their egg-sets on dead leaves, or the leaves were
embedded soon after oviposition. A single angiosperm
fossil leaf specimen from Rott has dark remains preserved
(1.2-1.5 mm in length) that are recognizable within some
of the egg cavities, even suggesting fossilized egg material
remains within the leaf tissue (HELLMUND & HELLMUND
2013). HerLmunp (1997) summarized further reports of
zygopteran-plant interactions from slightly older (middle
Oligocene) locations in Saxony, Germany.

A much older fossil example of elevated margins
around eggs is reported by PotT et al. (2008) in which
they describe a leaf of Nilssoniopteris angustior (STur
ex KRrasser, 1909) comb. nov. from the Late Triassic of
Austria. However, they were not sure whether these were
caused by a damselfly or a beetle.
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Fig. 3. Fossil egg-sets laid within an angiosperm leaf (Daphno-
gene), placed in a partial double row (overview), from the Late
Oligocene Rott Fossillagerstétte, near Bonn (Germany). Length
of one egg ca. 1.20 mm — ca. 1.40 mm; taken from HeLLMunD &
HeLLmunD (2013).

4. Taxonomic treatment of damselfly ovipositions

Fossil egg-sets of damselflies were reported as far back
as 1846 (GoerrerT 1846), although they were not identified
as such. GoerperT (1846, pl. 14, fig. 1) misinterpreted these
remains preserved on fossil angiosperm leaves as belong-
ing to epiphytic fungi, Hysterium opegraphoides (Goerr.)
Heer and Hysterites opegraphoides Goepp. despite their
distinct orderly arrangement (Fig. 6). Epiphytic fungi
typically settle on a substrate, covering it in an irregular
fashion without any distinct pattern. For further details,
see Benebix et al. (1974: 324), HeLLmunp & HELLMUND
(2002a), HELLMUND & HELLMuUND (2013: 36) and Fig. 7.

PENALVER & DeLcLos (2004) described fossil egg-
sets from the Miocene of Spain as “ichnofossils”, stat-
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Fig. 4. Enlarged detail of Fig. 3, showing the dark swollen mar-
gins of the plant tissue surrounding each egg. Length of one egg
=1.20 mm - 1.40 mm (from HeLLmunD & HELLMUND 2013).

ing that they were “ovipositions, mines and chew marks”.
VasILENKO (2005, 2008) introduced a “formal classifica-
tion” for odonatan egg-sets. The author describes these as
“oval or lentiform structures (eggs) with regular distribu-
tion over substrate” and that they represent “plant dam-
ages” as well. The word “over” is incorrect here, and must
be replaced by “within”, because egg-sets and clutches
have been deposited actively within plant tissue. Krassi-
Lov & RasNiTsyn (2008) proposed “binary nomination”
for “arthropod eggs and oviposition scars”. Interestingly,
these authors practiced two methods for characterizing
arthropod eggs and oviposition scars, following both the
descriptive characterization introduced by HeLLmunD &
Hecmuno (1991) and parallel the use of binary nomen-
clature.
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Fig. 5. Extantendophytic “Coenagrionid-type” egg-sets (clutches),
zig-zag mode, on a leaf of the water lily Nymphaea. Swollen mar-
gins around each egg are visible, as well as red stain concentra-
tions (anthocyanin) caused by the plant—insect interaction. Length
of one egg ca. 1.20 mm, photograph: W. HELLMUND.

Fig. 6. Fossil angiosperm leaves from the middle Miocene of
Salzhausen (Hesse, Germany) preserved within organic substra-
tum, figured as a lithograph in GoepperT (1846). The specimen
in the centre displays fossil egg-sets of damselflies. GoepperT
(1846) described and identified them erroneously as epiphytic
fungi. The total length of the leaf with egg-sets (centre) is about
8 cm, photograph taken from the lithograph by W. HeLLmunD.
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5. Conclusions

Fossils of damselfly reproduction comprise three dif-
ferent types of structures: a) depressions carved into host
plants by the insect, b) relicts of praeimaginal stages con-
tained in hollows within plant matter, and ¢) wound tissue
produced by the plant around the lesion. From the view-
point of taxonomy, these structures must not be treated
together, because they are not produced simultaneously
but subsequently. We discuss and attribute them in chrono-
logical appearance in the following paragraphs.

At first, the mother insect actively modifies a plant sub-
strate when carving out a depression. It thus clearly cre-
ates a trace fossil according to the definition of BErTLING
et al. (2006, p. 266). In creating these pits, the damsel-
fly follows a specific recurrent behaviour of moving side-
ward, back and forward, thus creating a special pattern of

Fig. 7. Sketch of extant epiphytic fungi of Farlowiella car-
michaeliana (Berk.) Sacc. Length of each fungus is ca. 3 mm.
Note the irregular pattern on the plant tissue, clearly differing
in size and morphology from zygopteran egg-sets. The fruiting
bodies of the fungi display a more or less sunken slit. Sketch by
W. HeLLmunb, modified from Benebix et al. (1974).

distances and angles between individual depressions (e.g.,
HeLLmunp & HeLemunp 1996, Fig. 21). This behaviour
thus is quasi-simultaneous with carving depressions, as it
follows the underlying plan. Strictly speaking, two types
of behaviour may become preserved here: the body move-
ment of the insect over the leaf surface and the scraping
of pits. Accordingly, these two types of behaviour might
receive two names, but only the pit is a trace fossil — the
substrate is not manipulated or modified during the move-
ment of the imago yet. This movement may become obvi-
ous, however, by the pattern in which the oviposition
occurs. It may be disputed whether the resulting fossils
are compound trace fossils (see PickeriLL & NARBONNE
1995), but they at least have an important ichnologic con-
stituent. Following the example of Hillichnus (BromLeY
et al. 2003) and according to BertLiNG et al. (2006), the
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pits and their arrangement should be united under one ich-
notaxon. This approach has been applied by PENALVER &
DeLcLos (2004), VasiLENKO (2005, 2008) and KRrassiLov &
RasniTsyn (2008).

In a second step, an egg is deposited. If organic matter
of it or a larva is preserved inside the hollows, it qualifies
for a body fossil, even though not identifiable at any sub-
family level. Alternatively, it may be identified paratax-
onomically as an ootaxon (e.g., HirscH 1994; MikHAILOV
et al. 1996), if sufficient morphological and/or structural
details are visible.

Finally, “plant reaction tissues are not traces”
(BerTLING et al. 2006), as neither are embedment struc-
tures. The form and extent of the wound rim around the
original depression must not be an ichnotaxobase for dam-
selfly ovipositions therefore. A similar situation prevails
in the ichnotaxonomy of drill holes Oichnus as clarified
by WissHak et al. (2015).

We suggest to make use of the approach of KrassiLov
& RasNITsYN (2008) based on the behavioural group-
ings introduced by HeLLmunp & HeLimuno (1991, Fig. 1),
which has since been adopted by several authors.

6. References

Benepix, E. H., Caspers, J., DANERT, N., HUBscH, P., LINDNER,
K. E., ScHMELZER, M., SCHMIEDEKNECHT, M., ScHUBERT, R.,
SenGe, W. & SIEGEL, M. (1974): Urania Pflanzenreich, Nie-
dere Pflanzen. 501 pp.; Leipzig, Jena & Berlin (Urania).

BERTLING, M., BRADDY, S. J., BROMLEY, R. G., DEmMATHIEY, G. R,,
GENISE, J., MikuLAS, R., NieLsen, J. K., NieLsen, K. S. S,
RinDsBERG, A. K., ScHLIRF, M. & UcHmAN, A. (2006): Names
for trace fossils: a uniform approach. — Lethaia, 39: 265-
286.

BromLEY, R. G., UcHmAN, A., GREGORY, M. R. & MARTIN, A. J.
(2003): Hillichnus lobosensis igen. et isp. nov., a complex
trace fossil produced by tellinacean bivalves, Paleocene,
Monterey, California, U.S.A. — Palaesogeography, Palaeocli-
matology, Palaeoecology, 192: 157-186.

GoepprerT, H. R. (1846): Die Gattungen der fossilen Pflanzen,
119-154; Bonn (Henry & Cohen).

HeLLmunp, M. (1997): Fossile Kleinlibellen (Insecta, Odonata,
Zygoptera) und ihre Interaktionen mit Angiospermenbldt-
tern — Neuigkeiten aus mitteloligozédnen Fundstellen Sach-
sens. — Terra Nostra, Schriften der Alfred Wegener Stiftung,
67. Jahrestagung der Paldontologischen Gesellschaft, Vor-
trags- und Posterkurzfassungen, 97 (6): 66—67.

HeLLmunp, W. (1991): Unsere Libellen — Versuch einer Bestands-
aufnahme, |. Teil. — Troisdorfer Jahreshefte, 21: 95-102.
HeLLmunb, W. (1992): Unsere Libellen —Versuch einer Bestands-
aufnahme, I1. Teil. — Troisdorfer Jahreshefte, 22: 91-100.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 26 May 2024
Terms of Use: https://bioone.org/terms-of-use

HeLLmunp, W. (1994): Unsere Libellen —Versuch einer Bestands-
aufnahme, Ill. Teil: Unsere Teichjungfern. — Troisdorfer
Jahreshefte, 24: 22-30.

HeLLmunp, M. & Hertrmuno, W. (1991): Eiablageverhalten fos-
siler Kleinlibellen (Odonata, Zygoptera) aus dem Oberoli-
gozén von Rott im Siebengebirge. — Stuttgarter Beitrage zur
Naturkunde, (B), 177: 1-17.

HeLLmunp, M. & HeLemuno, W. (1996): Zum Fortpflanzungs-
modus fossiler Kleinlibellen (Insecta, Odonata, Zygoptera).
— Paldontologische Zeitschrift, 70 (1/2): 153-170.

HeLLmunp, M. & HeLLmunb, W. (2002a): Eigelege fossiler Klein-
libellen (Zygoptera) auf Dikotylenblattern aus dem Mittel-
miozén von Salzhausen (Vogelsberg, Hessen, Deutschland).
— Odonatologica, 31 (3): 253-272.

HeLLmunp, M. & HeLLmunp, W. (2002b): Neufunde und Ergén-
zungen zur Fortpflanzungsbiologie fossiler Kleinlibellen
(Insecta, Odonata, Zygoptera). — Stuttgarter Beitrdge zur
Naturkunde, (B), 319: 1-26.

HetLmunp, M. & HeLemuno, W. (2013): Fossile Kleinlibellen
(Odonata, Zygoptera) und ihr endophytischer Fortpflanzungs-
modus — Erfolgreiche Strategie seit mindestens 100 Millio-
nen Jahren. — Entomologische Nachrichten und Berichte, 57
(1-2): 31-44 [with an extended list of further references].

HirscH, K. F. (1994): The fossil record of vertebrate eggs. In:
Donovan, S. K. (ed): The Paleobiology of Trace Fossils,
269-294; New York (Wiley).

KRrassiLov, V. & RasniTsyn, A. [eds] (2008): Plant — arthropod
interactions in the early angiosperm history. Part | and Part
11. 225 pp.; Sofia & Moscow, Leiden & Boston (Pensoft Pub-
lishers & Brill).

MikHAiLov, K. E, BRrAy, E. S. & HirscH, K. E. (1996). Parataxonomy
of fossil egg remains (Veterovata): basic principles and applica-
tions. — Journal of Vertebrate Paleontology, 16: 763—769.

PickeriLL, R. K. & NarBoNNE G. M. (1995): Composite and com-
pound ichnotaxa: a case example from the Ordovician of
Québec, eastern Canada. — Ichnos, 4: 53-69.

PENALVER, E. & DeLcLOs, X. (2004): Insectos del Mioceno infe-
rior de Ribesalbes (Castelldn, Espana). Interacciones plan-
ta-insecto. — Treballs del Museu de Geologia de Barcelona,
12: 69-95.

PotT, C., LABANDEIRA, C. C., KriNnGs, M. & KEerp, H. (2008): Fos-
sil insect eggs and ovipositional damage on bennettitalean
leaf cuticules from the Carnian (Upper Triassic) of Austria.
—Journal of Paleontology, 82 (4): 778-789.

VasiLENKO, D. V. (2005): Damages on Mesozoic plants from the
Transbaikalian locality Chernovskie Kopi. — Paleontological
Journal, 39 (6): 628—633. [Translated from Paleontologich-
eskii Zhurnal 6: 54-59].

VasiLENKo, D. V. (2008): Insect ovipositions on aquatic plant
leaves Quereuxia from the Upper Cretaceous of the Amur
region. — Paleontological Journal, 42 (5): 514-521. [Trans-
lated from Paleontologicheskii Zhurnal 5: 60—-66].

WissHAK, M., KroH, A., BERTLING, M., KNAusT, D., NIELSEN, J. K.,
JacT, J. W. M., NeumanN, C. & NieLsen, K. S. S. (2015): In
defence of an iconic ichnogenus — Oichnus BromLEY, 1981. —
Annales Societatis Geologorum Poloniae, 85: 445-451.



94 PALAEODIVERSITY 9, 2016

Address of the author:

Dr. MeinoLF HELLMUND, Zentralmagazin Naturwissenschaftlicher Sammlungen, Martin-Luther-Universitat Halle-Wittenberg, Dom-
platz 4, 06108 Halle (Saale), Germany.

E-Mail: meinolf.hellmund@zns.uni-halle.de

Manuscript received: 22 January 2016, revised version accepted: 9 February 2016.

Downloaded From: https://bioone.org/journals/Palaeodiversity on 26 May 2024
Terms of Use: https://bioone.org/terms-of-use



