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Abstract

A new species of coleseed sawfly (Tenthredinidae: Athaliini) is described and figured from the Eocene—Oligocene ‘Rebberg’
quarry within the Fossiliferous Zone, a member of the Middle Salt Formation. Athalia vetuecclesiae n. sp. is the first represen-
tative of the Athalia group from the geological record. The new species is most similar to members of the A. vollenhoveni-group
represented by only six species from Africa, but can be distinguished by details of antennal structure and length of spurs of the
hind tibia. The phylogenetic position of the fossil within the Tenthredinidae*, its palacoenvironmental implication, and the
geological setting of the quarry are briefly discussed. To cite this article: T. Wappler et al., C. R. Palevol 4 (2005).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Une espece de symphyte (Tenthredinidae: Athaliini) est décrite pour la premiére fois en enregistrement fossile, dans la « zone
fossilifere » de la carriere Rebberg d’ Altkirch (Sud de 1’ Alsace, France). La “zone fossilifere » fait partie de la zone salifere
moyenne (approximativement Eocéne supérieur—Oligocene inférieur. Athalia vetuecclesia n. sp. est le premier représentant
fossile du groupe et présente beaucoup de similitudes avec A. vollenhoveni, dont seules six sous-especes actuelles sont connues
en Afrique. On I’en distingue cependant par certains détails de la structure des antennes ainsi que par la longueur des éperons des
tibias postérieurs. La position phylogénétique de ce fossile au sein des Tenthredinidae* ainsi que les implications paléoé-
cologiques sont discutées, et les caractéristiques géologiques de 1’affleurement sont brievement présentées. Pour citer cet article :
T. Wappler et al., C. R. Palevol 4 (2005).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

In spite of its incompleteness, the hymenopteran
record is rich enough to represent as many as 51 out of
54 extant families [40]. As many as 38 of these fami-
lies are known at least since the Mesozoic, a time dur-
ing that in many high-level phylogenetic events oc-
curred, and 20 additional families are known to be
extinct (mostly since the Mesozoic) [38,40]. The eco-
logical diversity of the hymenopterans increased dur-
ing the Early Cretaceous due to the appearance of indis-
putably phyllophagous Tenthredinidae [39].

Within the large symphytan family Tenthredinidae,
Athalia is a member of the subfamily Allantinae, tribe
Athaliini. The tribe is divided into four genera (three of
them are monotypic). The genus Athalia represents a
primitive form of hymenopteran insects. Therefore, in
particular the relationships to other tenthredinid taxa
are not always clearly cut. Apart from that, Athalia is
considered as a sister-group of all other Tenthredi-
noidea s.s. [44,45,49].

Athalia contains in all 73 species with seven subspe-
cies and occurs mostly in the Palaearctic region, but
also extends into the Indo-Malayan and Ethiopian
regions [1,2]. The host plants of the genus Athalia are
restricted to herbaceous species in the families Com-
positae, Crassullaceae, Cruciferae, Labiatae, Plantagi-
naceae, and Scrophulariaceae [1,2].

One of the mostly commonly encountered species
in Europe is Athalia rosae and it is from this species
that most biological information is known (many spe-
cies are unknown for their biology and so might be dif-
ferent from A. rosae). Athalia rosae predominantly
feeds on several glucosinolate-containing plants and
sequesters the glucosinolates of different hosts. Some
examples of host plants include Barbarea stricta, Sina-
pis alba, and Brassica nigra (pers. commun. Dr M.S.
Engel).

Fossils of the genus Athalia are rare and as such their
palaeontological history is poorly understood. Earlier
‘coleseed sawfly’ fossils were variously assigned to dif-
ferent genera. Cockerell [7] described Eriocampa whee-
leri, a fossil from the Eocene—Oligocene of Florissant,

Colorado. Later, Cockerell [8] assigned four new spe-
cies to the Tenthredinidae (Te@niurites, Tenthredella, and
Dineura) and a second specimen of Eriocampa whee-
leri. The latter were removed from the genus Erio-
campa by Zhelochovtzev and Rasnitsyn [55] who con-
sidered the specimens probably belonging to, or near
to, the genus Athalia. These fossils are best to consid-
ered incertae sedis because their generic assignment is
doubtful (as done by Carpenter [6]).

Therefore, discovery of well-preserved and almost
complete coleseed sawflies is particularly significant.
The specimens described below are the first fossil rep-
resentatives of the Athalia-group and, thus, the oldest
known members of a major branch of Hymenoptera
(Fig. 6).

In addition to the palacontological importance of the
found sawflies, these specimens have palacoecological
implications.

2. Geographical and geological setting
2.1. Geological framework

The Upper Rhinegraben belongs to a major rift sys-
tem within central Europe which started to develop dur-
ing the Early Tertiary [35,56]. During the early rift
stages in the Eocene, local depocentres formed, which
became interconnected during the further development
[46]. One of these basins is the so-called Potassic Basin
in the southern Rhinegraben (Fig. 1).

In the Potassic Basin, up to 1600-m-thick marls and
evaporites accumulated during the Late Eocene—Early
Oligocene (Salt-Formation) [3]. The marginal parts of
the basin and its southernmost part contain brackish,
lacustrine, fluvial and terrestrial sediments. The basin
border is characterized by fluvial conglomerates, which
have been interpreted as alluvial fan deposits [10],
which formed in response to the uplift of the graben
flanks.

The Cainozoic sedimentary record in the Potassic
Basin starts above a residual red, iron-rich soil
(‘sidérolithique’) with Lutetian freshwater limestones
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Fig. 1. Simplified geological map of the study area.
Fig. 1. Carte géologique simplifiée de la zone étudiée.

(‘Calcaire a Planorbes’). This is overlain by the Salt
Formation, which is formed during the main rift phase
during the Eocene-Oligocene [46]. The Salt Forma-
tion has been subdivided into the Lower Salt Forma-
tion (Lower Lacustrine Marls, Salt I, Upper Lacustrine
Marls, Salt II), the Middle Salt Formation (Salt III, Fos-
siliferous Zone) and Upper Salt Formation Salt IV,
Marls without Salt) (Fig. 2). Further up, the Members
of the Grey Marl Formation, Foraminifera Marls, Fish
Shales, Meletta Shales and Cyrenea Shales, which are
covered by freshwater beds [3,10].

Due to the abundance of fossils and the generally
articulated preservation of fish and insect skeletons, the
Fossiliferous Zone of the Middle Salt Formation can
be described as a Fossillagerstitte. Like many other
comparable Palacogene insect-bearing deposits in cen-
tral Europe (e.g., Céreste/France [21-23,32,34,36,53];
Rott/Germany [17,23,25,28]), the environmental con-
ditions under which the host sediments formed are still
a matter of debate. Some authors postulate a lagoonal,
marine-influenced setting [3,19,26,50] others favour a
saline lake [5,10,13] similar to the Lower Eocene Green
River Formation (Wyoming, USA) as interpreted by
Eugster and Surdam [11] or Boyer [4].

2.2. Age constraints

In spite of abundant fossils, index fossils are rare
and, hence, the stratigraphical position of the Salt For-
mation members has not been totally clarified yet. The
most authors regard the Fossiliferous Zone as Earliest
Oligocene [29]. Schuler [43] postulates the lower part
of the member to be Latest Eocene in age. A biostrati-
graphical age based on mammals in the hanging Haust-
ein member (Upper Salt Formation) of the ‘Rebberg’
quarry about 35 m above the horizon of discovery cov-
ers the time interval of the Mammal Reference Level
MP21 and corresponds to the Lower Stampian and
Upper Priabonian, thus coinciding with Stehlin‘s
‘Grande coupure’ [47]. So the stratigraphical position
of the Fossiliferous Zone member seems to be close to
the Eocene—Oligocene boundary (Fig. 2).

2.3. Sample location

Deposits of the Fossiliferous Zone were studied in
the Rebberg quarry, near Altkirch (47°62°34”N/
7°23°92”E; Fig. 1). This location is currently the only
well exposed outcrop of the Fossiliferous Zone in the
southernmost Upper Rhinegraben.



Fig. 2. Stratigraphical position of the Athalia vetuecclesiae n. sp. specimens. Left: chronostratigraphical correlation with Mediterranean Stages.
Middle: Rhinegraben synrift Formations with close-up of the main stratigraphical subunits of the Salt Formation in the Potassic Basin. Right:
close-up of the outcrop of the Fossiliferous Zone in the Rebberg quarry/ Altkirch including metre scale, lithology and observed section. Strati-

T. Wappler et al. / C. R. Palevol 4 (2005) 7-16

Stage Formation

Lithology of Altkirch

Oligocene

Chattian

Freshwa-
ter beds

Grey Marl
Formation

Rupel-
ian

Eocene

Priabon- ——
ian Lower-

Salt Formation

Barthon- ?
ian

Lutet-
ian

Siderolithic
Formation

¢ 1R ENDE

marly limestone
marl
gypsum

lithographical limestone
lamination

bioturbation

reworking

fish bearing horizons

insect bearing horizont

Marls
without
Halit

SaltV
Salt IV

Fossili-
ferous-
Zone

Salt lll

~—

Salt Il

Green-
Lymnea-
Marls |1

Salt |

Green-
Lymnea-
Marls |

6m

o e e e

5m

YYYyYvryy

4m

3m

1m

graphy according to Blanc-Valleron and Schuler [3].

Fig. 2. Position stratigraphique des deux représentants de Athalia vetuecclesiae n. sp. A gauche : corrélation chronostratigraphique avec les
étages méditerranéens. Au milieu: formations synrift du graben du Rhin avec détail des subdivisions de la Zone salifere dans le bassin potassi-
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étudiée. Stratigraphie selon Blanc-Valleron et Schuler [3].
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The laminated marls, platy marls and lithographical
limestones of the Fossiliferous Zone have been reported
from many drill cores, quarries and outcrops in the
southern Upper Rhinegraben. It reaches a maximum
thickness of approximately 75 m in the Potassic Basin
[3] and contains a typical brackish fossil assemblage
[10,12,15,16,18]. The Fossiliferous Zone seems to be
correlative within the whole basin except along mar-
gins where it interfingers with fluvial conglomerates
[17].

To date, a total of some hundred insect specimens
have been collected, most of them in no longer existing
outcrops near Kleinkems (D), Brunstatt (F) and Zim-
mersheim (F) (Fig. 2). The first descriptions of fossil
insects date back to the late 19th century [12,31] and
the latest revision of the insect fauna was written by
Théobald [48]. Therefore, an updated review, includ-
ing the insects from the Rebberg quarry in Altkirch [16],
is urgently required (pers. commun. Prof. Dr. Rust).

3. Material

The two specimens described in this study were dis-
covered in the quarry ‘Rebberg’ (Figs. 1 and 2) within
the Fossiliferous Zone, a member of the Middle Salt
Formation. They were found in an approximately
40-cm-thick horizon of lithographical limestone, which
can be correlated with the Horizon No. 6 of Gaudant
[16]. The fossil insects from Altkirch are preserved
chitinous (SEM) and are fixed in calcareous biolami-
nae. Preparation is not needed, but the specimens were
covered with Laumin resin. The specimens studied are
stored in the Naturhistorisches Museum Basel under
the access number NHMB: Alt:Hy-01 and Alt:Hy-02.

4. Systematic palaeontology

Order: Hymenoptera Linneus, 1758

Suborder: ‘Symphyta’ Gerstaecker, 1867

Family: Tenthredinidae Latreille, 1804—1805

Subfamily: Allantinae Panzer, 1801

Tribe: Athaliini Benson, 1962

Genus: Athalia Leach, 1817

Type species: Tenthredo rosae Linnaeus, 1758 (= T.
spinarum Fabricius, 1787).

Diagnosis (modified after Benson [2]): (1) Anten-
nae 13-9-segmented, third segment prolonged, (2) fla-

gellum subclavate, (2) C and Sc+R swollen as almost
to obliterate cell C, (3) origin of M in fore wings from
Rs+M after the latter has left Sc+R, (4) abscissa of Rs
short (5) 2m-cu present, (6) anal cell complete with
oblique cross vein, (7) cell IM angular anteriorly, and
(8) tarsal claw simple.

Athalia vetuecclesiae n. sp.

Etymology: From Latin for ‘old’ and ‘church’, in
reference to the type-locality Altkirch.

Holotype: Alt:Hb-02, probably ¢, leg. J. J. Brocks
at the Altkirch locality, ‘Rebberg’ quarry /Holcim AG,
‘Zone fossilifere’, x =7°14’50"/y =47°37"75", France.

Referred material: Alt:Hb-01, leg. S. Hinsken at the
Altkirch locality, [see above], France.

Type locality and horizon: Altkirch locality, [ ‘Reb-
berg” quarry /Holcim AG, ‘“Zone fossilifere’,
7°14°50”E/ 47°37°75”N, France. Middle Salt Forma-
tion, ‘Zone fossilifere’, which can be correlated with
the Horizon No. 6 of Gaudant [16].

Diagnosis: This species is most similar to the Atha-
lia vollenhoveni-group. A. vetuecclesiae n. sp., how-
ever, can be distinguished by (1) extended labrum, (2)
medially excised clypeus, and (3) 6th flagellomere pro-
longed.

Dimensions (in mm): Total body length ~6.92, head
length 1.02, head width ~1.92, interocular space 1.92,
diameter of antennae socket 0.15, length of flagellom-
ere III-VIII: 0.38, 0.15, 0.17, 0.27, 0.17, 0.16, length
of inner hind tibial spur 0.2, length of tarsal segment
1-v:0.97,0.33, 0.25, 0.1, 0.24, wing length 6.76.

Description (Figs. 3-5): Head more or less rectan-
gular. Compound eyes strongly converging below and
emarginated. Ocelli not enlarged. Antennal sockets near
base of clypeus, separated by less than antennal socket
diameter. Malar space shorter than basal mandibular
width. Mandible with strong apical tooth. Labrum elon-
gated, covering apical edge of mandibles. Clypeus
medially shorter than distance between antennal sock-
ets, apical margin doubly arcuate (Fig. 4B), supracly-
peal area, face, and vertex smooth. Antennae probably
composed of nine segments, scarcely longer than width
of head. Sixth segment prolonged and from the seventh
segment onwards longer than broad (Fig. 4E). Last two
segments fused to a small club. Wings strongly infus-
cated; stigma and venation black. Basal vein straight
and strongly basal to cu-a. First abscissa of Rs short,
cells R and IR barely touching. Cell 1M angular ante-
riorly. Marginal cell apex slightly bent away from ante-
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Fig. 3. Athalia vetuecclesiae n. sp. (A) Photomicrograph of holotype
specimen (Hb-02); (B) Camera lucida drawing of holotype speci-
men (Hb-02).
Fig. 3. Athalia vetuecclesiae n. sp. (A) photo de 1"holotype (Hb-02) ;
(B) dessin de 1’holotype (Hb-02).

rior wing margin. 2rs originating beyond midpoint of
pterostigma. 3rs-m entering marginal cell in its apical
half. 2m-cu slightly arched and distad 2rs-m by three
times vein width. Posterior anal vein fused to anterior
anal vein in the middle of anal cell, not reaching hind
wing margin. Mesonotum black. Inner hind tibial spur
shorter than apical width of tibia (Fig. 4H). Tibiae and
tarsal segments of hind legs broadly ringed with black.
Claws simple.

5. Discussion of taxonomy

Although not complete, the fossils are well pre-
served and show all characteristic features such as head
structure, antennae and wing venation, necessary to
admit a determination on generic level. An important

Fig. 4. Face without antennae, antennae, and apex of hind tibia of
different Athalia specimens. (A, F) A. rosae (?). (C) A. glabricollis
(?). (D) A. lugens (?). (B, E, H) A. vetuecclesiae n. sp. (reconstruc-
tion).

Fig. 4. Téte sans antennes, antennes, apex de tibia postérieurs de plu-
sieurs exemplaires d’Athalia. (A, F) A. rosae (?). (C) A. glabricolis
(?). (D) A. lugens (?). (B, E, H) A. vetuecclesiae n. sp. (reconsti-
tution).

character to distinguish the Tenthredinidae from most
other families of the Tenthredinoidea s.s. is the
9-segmented antenna. This type of antenna is found in
the diverse genera of the subfamilies Selandriinae,
Tenthredininae, Nematinae, Allantinae. In particular
members of the Athaliini show a progressive reduction
in antennal segments from 18-21 of Hennedyia and
Hennedyella to 10(9)-13 of Hypsathalia and Athalia
[2]. However, the antennae are distinctly more apomor-
phically developed in Athalia than in the other mem-
bers of the Athaliini (i.e., antennae have more seg-
ments in the former).
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C

Fig. 5. Athalia vetuecclesiae n. sp. (A) Photomicrograph of left fore
and hind wing (Hb-02). (B) Enlarged photomicrograph of the stron-
gly infuscated wing membrane (Hb-02). (C) Reconstruction of wing
venation of A. vetuecclesiae n. sp.

Fig. 5. Athalia vetuecclesiae n. sp. (A) Photo des ailes antérieure et
postérieure gauche (Hb-02). (B) agrandissement de 1’aile fortement
‘infuscated’ (Hb-02). (C) reconstitution des nervures alaires de A.
vetuecclesia n. sp.

The wing venation of the fossil specimens excludes
the Selandriinae, Tenthredininae and Nematinae as pos-
sible candidates, but it is highly similar to representa-
tives of the Allantinae. Within Allantinae, preserved
details of the fossil wings suggest membership to the
genus Athalia within the tribe Athaliini (Fig. 3). Char-
acteristic for Athaliini, and also observed in the fossil
specimens, is the presence of the first abscissa of Rs
(Fig. 3) [27,45,49]. Moreover, in addition to the previ-
ous character, C and Sc+R are swollen as almost to
obliterate cell C, and the third flagellomere is pro-
longed, a combination of characteristics solely known
from Athalia (pers. commun. Dr S. Schulmeister).

Blasticotomidae

Tenthredinidae*

—‘_ Diprionidae

Cimbicidae

Athalia

Tenthredinoidea s./.

Argidae

Pergidae

Fig. 6. Phylogeny of the Tenthredinoidea s./. (modified after Schul-
meister [43]). Tenthredinidae are still indicated as a paraphyletic
grade, with respect to the remaining Tenthredinoidea s.s.. Tenthredi-
nidae* = Tenthredinidae minus Athalia.

Fig. 6. Phylogénie des Tenthredinoidea s./. (modifié¢ d’apres Schul-
meister [43]). Les Tenthredinoidea sont encore considérés comme
une famille paraphylétique, en regard du Tenthredinoidea s.s. res-
tant. Tenthredinoidea* = Tenthredinoidea moins Athalia.

The fossil Athalia specimens show even more a
mosaic of characters common to different Athalia-
groups. Interestingly, this species appears most similar
in respect to the clypeus structure and to the infuscated
wings (Fig. 5b) to the extremely rare A. vollenhoveni-
group represented by only six species from Africa [2].
Both, the new species and the representatives of the
vollenhoveni-group, have a clypeus with an apical dou-
bly arcuate margin. Aside from the characters given
above, the new species can be distinguished from the
members of the A. vollenhoveni-group by the antennal
structure and the length of spurs of the hind tibia. Excep-
tional long spurs occur in A. armata of the A. furvipen-
nis-group [2]. In A. vetuecclesiae, the antennal seg-
ments are from the seventh segment onwards only
inconspicuously longer than broad. In contrast, in the
A. vollenhoveni-group, all flagellar segments are longer
than broad. Moreover, the spurs of the hind tibia are
longer than the width of tibia in the A. vollenhoveni-
group, but shorter in A. vetuecclesiae. Regarding the
form of the elongated labrum in the A. vollenhoveni-
group, the new species is most comparable to represen-
tatives of the A. bicolor-group (in particular A. bicolor
mainly distributed in southeastern Europe and the east-
ern Mediterranean) and the A. furvipennis-group (in
particular A. mellis only known from Africa) [2].

The fossil species presented herein is most similar
to the A. vollenhoveni-group and is presumably the
basal most taxa of Athalia and thereby of the Tenthre-
dinidae* sensu Schulmeister [44,45] as a whole (Fig. 6).
For these reasons it may be advisable to place Athalia
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vetuecclesiae n. sp. near members of the A.
vollenhoveni-group once a cladistic analysis of the
Tenthredinidae* has been finalized.

It does seem reasonable, however, that the Tenthre-
dinidae* as a whole must be quite ancient. Each of the
major representatives of the Tenthredinoidea s./. prob-
ably arose and became differentiated rapidly at the end
of the Cretaceous, with subsequent diversification
within each lineages progressing from that time on
[40,55].

6. Palaeoenvironmental implications

Fossil insects are often good palaeoclimatic indica-
tors. As insects are poikilotherm, their metabolism is
closely adjusted to the thermal conditions of their habi-
tat. Therefore, single species, and often also higher taxa,
are restricted to a specific climatic realm. Moreover,
insect species and genera have a particularly long geo-
logical life-span, commonly many million years
[24,41,51,52]. Fossil insects have proven to be a useful
and reliable indicator for reconstructing ancient climate
and environment (‘nearest-living-relative method’).
They are sensitive indicators of climate, and they could
be, in a sense, a thermometer of the past. Although
physiological aspects are not preserved in fossils, it is
possible to examine morphological characters that show
strong correlations with climate.

From these clues, the occurrence of Athalia sp. in
deposits of the basal Oligocene could be regarded as
an implication for climatic change in the Palacogene of
Central Europe coherent to the global Eocene-
Oligocene boundary 34 Myr ago [9,37,54].

Nevertheless, the vegetation distribution indicates a
gradual trend from the Eocene paratropical/subtropical
evergreen forest vegetation through vegetation, with an
increasing proportion of temperate deciduous ele-
ments resulting in the Oligocene in establishments of
broad-leaved mixed deciduous and evergreen forests
across Eurasia between about palaeolatitudes 55° and
40° north [9]. Further evidence from leaf floras, palynol-
ogy and sedimentology seems to indicate that the belt
with common sclerophylls in southern Europe was, at
least in places, a vegetation adapted to a humid warm
temperate climate but with a slighter drier interval, prob-
ably in winter [9,28,37]. These trends are also identical
in the ecological diversity pattern of mammals. In par-

ticular, the mammalian ecological diversity is sugges-
tive for drier and more open habitats in southern France
[14,20]. Evidence from the palaeoecology of mam-
mals for drier more open habitats in the Oligocene has
been put forward for Europe.

In western Europe, the transition is more gradual
with the loss of paratropical elements and incoming of
deciduous elements from the late Middle Eocene [9].
Typical leaf floras of the Late Eocene have been inter-
preted as evergreen to semi-evergreen mesophilic, e.g.,
Célas, France (leaf assemblage illustrated by Mai [28]).

Similarly, an ‘aridisation’ is also reflected in the
highly diverse insect palaeofaunas from Céreste
[21,23,32,42] or Florissant [30]. The abundance of dis-
tinctly specialized insect taxa that as far as known pri-
marily inhabit open meadows to fairly dry rangelands
does well correspond with the climatic change at the
Eocene/Oligocene transition and supports this theory
[9,34,36,53]. If the climatic requirements of A. vetu-
ecclesiae n. sp. were comparable to its very close and
distinctly specialized living relatives, then the appear-
ance of this insect confirms that the shift to a ‘cooler’
climate had already occurred when the laminated car-
bonates of the Fossiliferous Zone were deposited. This
interpretation is also supported by other plant and ani-
mal fossils recovered at the Altkirch locality. The domi-
nance of conifer remains [43] and the occurrence of
salmonid fishes (smelts) [16], are typical for temperate
zones.

Clearly, the nearest-living-relative method for esti-
mating palaeoclimate, whether used with plants or
insects, present contradictions [30,33].

Nevertheless, the climate shift from the Eocene to
the Oligocene opened a probably vast new habitat for
Athalia in the Palaearctic region and might mark the
onset of a major radiation of the genus. So Athalia prob-
ably dispersed to, or persisted in higher latitudes, where
most of their descendents remain today.
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