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3D-Analysis of a non-planispiral ammonoid from the Hunsruck
Slate: natural or pathological variation?

Julia Stilkerich, Kenneth De Baets C AT X

We herein investigate the only known non-planispirally coiled early amrriohc;id spgzéimen to
test if its trochospiral coiling is‘m&;benatural variation within this species or it is
refhef pathological s induced by encrustation with epicoles during its life-time. To test if
runner-like sclerobfents infested the mstodsal-@g_gﬁg_d_mﬁg__imgn_and holotype of lvoites
opitzi during its life, we produced a three-dimensional model using microCT. Our results
indicate that epizoans grew on both si(}e\iffq}f the ammonoids, exactly at the location where
the deviation frq(q\ the planiggiral could-be recognized. Tbjﬁhqgicataﬁfat t least some of

L N

WL DIReanT Sy -

the epicolesgla@_rgwn the ammonoid in-vivg;'rnakir\iq.fm oldest known ammonoid epizoa.
This«s@ggstsat*(é't lon-planispiral coiling in this specimen is pathological fatherthan
natural variation.and-thiat a neotype has to be chosen to define this species. Despites these.
anomalies in coiling and multiple generations of epizoa, the specimen reach adulthood
suggesting minimal effects on its mode of life. We herein identify these epizoa as
hederelloids, a peculiar group of sclero\?ionts related with phoronids, which indicate the
ammonoid lived in the euphotic zone}gubport%g the latest interpretations of the Hunsrick
Slate depositional environment, This is to our knowledge,the first support for in-vivg

encrustation of hederelloids on ammonoids.
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3p-Analysis of a non-planispiral ammonoid from the Hunsriick-Slate: natural or pathological
variation?

Julia Stilkerich!, Kenneth De Baets*”’

1Geozentrum Nordbayern, Friedrich-Alexander Universitit Erlangen-Niirnberg, Erlangen,
Germany

*Corresponding author: kenneth.debaets@fau.de

Abstract:

We herein investigate the only known non-planispirally coiled early ammonoid specimen to test
if its trochospiral coiling is part of the natural variation within this species or it is rather
pathological — induced by encrustation with epicoles during its life-time. To test if runner-like
sclerobionts  infested the historical  collected specimen and  holotype  of
Ivoites opitzi during its life, we produced a three-dimensional model using microCT. Our results
indicate that epizoans grew on both sides of the ammonoids, exactly at the location where the
deviation from the planispiral could be recognized. This indicates that at least some of the
epicoles overgrown the ammonoid in-vivo making that oldest known ammonoid epizoa. This
suggests that non-planispiral coiling in this specimen is pathological rather than natural
variation and that a neotype has to be chosen to define this species. Despite, these anomalies
in coiling and multiple generations of epizoa, the specimen reach adulthood suggesting minimal
effects on its mode of life. We herein identify these epizoa as hederelloids, a peculiar group of
sclerobionts related with phoronids, which indicate the ammonoid lived in the euphotic zone
supporting the latest interpretations of the Hunsriick Slate depositional environment. This is to
our knowledge the first support for in-vivo encrustation of hederelloids on ammonoids.

Introduction

Ammonoids are a now extinct group of externally shelled cephalopods (Ritterbush et al. 2014),
which are often used jﬁf‘studies of biostratigraphy, diversity or evolutionary patterns. The
ammonoid shell is typically coiled with touching or overlapping whorls, but some forms — so
called heteromorphs — deviated from this shape as their_shell is not.entirely coiled and/or
trochospirally coiled (Landman, Tanabe & Davis 1996). Such heteromorphs have convergently
evolved in the Upper Triassic, Middle to Upper Jurassic and multiple times in the Cretaceous
(Wiedmann 1969; Dietl 1978; Cecca 1997). Early ammonoidg “are sﬂﬂ'foosejy coiled and can
therefore gﬁe/ be considered heteromorphs from a morghological f)erspéétivq_. H%Jwéver, early
ammonoids differ in important ways from Mesozoic heteromorphs,éfs’t f emﬂbryonic shelk i€
also uncoiled (House 1996; De Baets et al. 2012),and not all types of coiling known from the
Mesozoic have been reported from the Paleozoic (e.g., trochospiral coiling). A possible
exception was a specimen of /voites schindewolfi from the Hunsriick Slate of Germany sho.\{slirlg

fert
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evidence for non-planisgira_l coiling (De Baets et al. 2013), whiehtwas originally interpreted to

be part of the natural variation from gyroconic to trochospiral coiling)as-it—i_s-a@.seeu'in the
Jurassic heteromorph Spiroceras (Dietl 1978). Sy T

However, this specimen is also encrusted by epicoles — any organism that spent its life attached
to or otherwise inhabiting the exterior of any more or less hard object (Davis, Klofak &
Landman 1999). If these epicoles settled or inhabit the host’s shell during its life tithe, they
would be called epizoa (Davis, Klofak & Landman 1999;\ Klug & Korn 2001) and %’rg\pﬁ%'potentially
cause the observed deviations fromﬂsé planispiral (Mert 1966; Keupp 1992; Checa, Okamoto
& Keupp 2002) and various other pathologies (De Baets, Keupp & Klug 2015; Keupp &
Hoffmann 2015). Distinguishing between in-vivo and post-mortem encrustations is always not
straightforward, but can be achieved in particular cases using various lines of evidence
(Seilacher 1960; Seilacher 1982; Baird, Brett & Frey 1989; Davis, Klofak & Landman 1999; Keupp
2012; De Baets, Keupp & Klug 2015). Although post-mortem encrustationf afé common
(Rakociriski 2011), there are many’)“'(exﬁmgx% diﬁegwtggm;ﬁgmmhe@aus of
livif®and fossil cephdlopods including foraminiférs, bivalves, sponges, corals and many others
(Baird, Brett & Frey 1989; Davis, Klofak & Landman 1999; Keupp 2012; Wyse Jackson & Key Jr
2014). WWS:_BUWS&@&M case. Often
the cephalopods are disa : vantaged, because they & potentially limit'mlinm’eir%ovements by
o increase%drag anq\ an %dditional weight load (Keupp 2012). In some cases 9@1 the
encrusters*have-a_disadvantage-themselves—{Maischner 1968) s, the Yr\otates\’a@:/?rom their
preferred position, aﬁam eventually be overgrown by the <B4ll in coiled ammonoids.
However, the settlers som'é(t\l%nes profit in different ways. For sesskLe organisms that now have a
pseudoplanktic method of locomotion, i S varied nutrition and increased
mobility. Mobile organisms can poten ially/w use the shell as temporary pasture (Keupp,
2012), while epicoles can _use Tt a5 benthic island surrounded by soft and unconsolidated
sediment (Seilacher 1982)! For p\aggglog&ealmm%am and.growth-te-occur, it is

ecessary that the emzogse‘%"ﬁl&’on still growing, younger aftmats. If the epizoans settle'on the
shell of adult animals which reached their final shell size it is only possible to prove that these
are epizoans because of their preferential orientation with respect to water currents (Seilacher

1960; Seilacher 1982; Keupp, Réper & Seilacher 1999; Hauschke, Schélimann & Keupp 2011). If

e process of settling happens after the host’s death the organisms can also colonize the inside

71

of the shell. Shells which are lying on the seabottgm are typically overgrown on one side
Keupp, 2012).

Mr main goal is to 1€5t/if the epicoles settled on the ammonite during Iife-{frpe), which can
731 tested by investigating if they are growing on both sides of the shell and if the beginning of non-

£

76
77
78

lanispiral coiling correlates with the settling of these epicoles. If these encrustations happened
uring lifetime and can be linked with (pathological) non-planispiral coiling, this might have
important implications for taxonomy and indirectly for biostratigraphy (Spath 1945). An
additional goal is to identify the identity of the epicoles, which have been preliminary
determinedﬁauloporid tabulate corals (De Baets et al. 2013), which have often been confused
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with other sclerobionts with (unner-like morphologies (Lescinsky 2001) like hederelloids and
cyclostomate bryozoans (Fenton & Fenton 1937; Elias 1944; Bancroft 1986).

To testthﬁumsﬁﬁs we want to avoid using destructive analysesas & is an important
historical specimen (Opitz 1932) and a holotype (De Baets et al. 2013) from the famous

Hunsriick Lagerstatte. The Hunsriick Sate is facies typical far the Lower Devonian (Emsium) et
ﬁné Rhenish Massif which consists predominantly of dark fine-grained argillites metamorphosed
into slates (Bartels et al., 1998). In the Bgndepb__ac_h__ area thege can contain fossils with
remarkable preservation including articulated echinoderms and vertebrates as well as
preserved soft tissues of arthropods and other groups without l'\ard tissues (Bartels ef al.,
1998). A-I.t.heagh-semegessﬂf reyeal remarkable preservations, tiggy are jﬂbtypica“y flattened
and itis difficult m@ns&b?e to prepare g;@‘mfnégm@sedﬁfsils from both sides without
destroying parts of it.%i}s isgwe illustrated by the oggy Imvn specimen and holotype

of Palaeoscorpius devohicus, where some parts of the t are thinner than 1 mm are
very fragile or missing altogether after preparation (Kiih! et al. 2012). Thé%ﬁalsé thgtasefer
ammonoids, which are{important index fossjls fo date this deposit amg are often extremely
flattened hampering Mtbgr,taxonomic as3®hment (Bartels, Briggs & Brassel 1998; De Baets

et al. 2013). “
S

Consideringofhe size and the preservation of our specimen as well as the expected x-ray
contrast between pyritic fossils and the slate matrix, we want to use micro-CT theate a three-
dimensional model to Y be ronserhis method is well suited for these purposes
(Sutton, Rahman & Garwood 2014). Many CT-studies have focused on analyzing ontogeny or
morphological traits for phylogenetic purposes (Monnet et al. 2009; Garwood & Duniop 2014;
Naglik et al. 2015), but they can be used to test ecological or paleobiological aspects (Kuhi et al.
2012; Hoffmann et al. 2014) such as the interpretation of pathologies (Anné et al. 2015) and
bioerosion (Beuck et al. 2008; Rahman et al. 2015). Tomographic studies in ammonoids have
focused on functional morphology and empirical buoyancy calculations of the chambered shell
(Hoffmann et al. 2014; Tajika et al. 2014; Lemanis et al. 2015; Naglik, Rikhtegar & Kiug 2016).

X
e

ed 7
Material @
T el

The studied fossil specimen is the holotype of /voites opitzi, which-§efives from the Hunsriick
Slatow kndwa-ds the middle Kaub Formation (Schindler et al. 2002), at the Schieleberg-

@uarry near Herrstein, Germany (De Baets et al. 2013; see Fig.1 for a map and stratigraphic

provenance of this specimen). It is ﬂ?aposited in the Karl-Geib-Museum in Bad Kreuznach: KGM
1983/147. The middie Kaub Fc;rmation contains some of most completely preserved early

S
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ammonoids (De Baets et al. 2013);558 belong the oldest known ammonoid Becker & House

S o
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@994) together with similar aged faunas from China (Ruan, 1996) and Morocco (De Baets et al.

2010))\ Thig exact statigraphic provenance of our specimen is not known. However, Ivoitesis
ce restricted to Early Emsian, particularly in the Hunsrick Slate. This particular species (/.

r

On\\{ ?

Peer] reviewing PDF | (2015:12:7994:0:0:NEW 11 May 2016)



122

123

124
125
126

127

128
129
130
131
132
133
134
135
136
137
138
139
140
141

* parrandei zone)age (De Baets et al. 2013).

opitzi) has been found associated with dacryoconarid Nowakia p?ecursor, butﬁchey j\ave also
been found in layers (Wingertshell member sensu Schindler et al. 2002), wJﬁ_;Lmi\g‘n”t ?ggfeﬂinto

th (De Baets et al. 2013). Other ammonoids (/. schindewolfi, Erbenoceras
so%rted from the Schieleberg quarry also spe=iefér an Lower Emsian (pm;;{cursor to

?UG;';?’ '/{1
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Fig.1: A map of the locality (modified from De Baets et al. 2013) and stratigraphic provenance of Ivoites opitzi
(time-scale based on Becker, Gradstein & Hammer 2012; created with time-scale creator 6.4:
http://engineering.purdue.edu/Stratigraphy/tscreator/)
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S ey
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The specimen was chosen as the holotype as it is the most complete,- three-dimensional and
well-preserved specimen of the species. It has three complete whorls and a diameter of 105
mm (Fig. 2; De Baets et al., 2013). The specimen is mostly preserved as an internal, pyritic

mould, as suture fines and other structures (e.g., opitzian pits) internal to the shell can be

observed (taphonomic category IIB of De Baets et al., 2013). The infilling of the shell with pyrite
in this taphonomic category is interpreted to have happened early in the diagenesis below the
sediment-water interface before the dissolution, compaction and breakage of the shell
supported by fracture patterns and similar preservation in Jurassic bioturbated shales (Hudson
1982). The whorls touch and overlap each other, but this is interpreted to be a consequence of
compression and tectonic deformation as the inner whor! lies completely above the following
whorl (De Baets et al. 2013)*No clear evidence could be derived for an encrustation in vivo
from the specimen, so the encrustation was interpreted to have happened post-mortem. Such
post-mortem encrustations of externally shelled cephalopods and other invertebrates are
common (RE_WM)Lj%'in the Hunsriick Slate (Jahnke & Bartels 2000), and non-
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p,;.,nispirau to planispiral coiling can form part of intraspecific variation of similarly coiled
Jurassic heteromorphs (Dietl 1978). But only the left side was prepared in this historically
collected material (Opitz, 1932, p. 121, Fig. 117). As this is a holotype, it could not be
investigated destructively, but it well-suited to be studied with Micro-Computer-Tomography.

147
148 Fig. 2: Holotype of Ivoites opitzi. The growth of epicoles on the shell is well visible.

149

150

151  Methods Za DQ'/ g 5

152 Markus Poschmann (Mainz) ki berrowed the specimen from-the Karl-Geib-Museum-and-

153 broughtit-to the Steinmann Instituteywhere it could be investigated with the aigkof X-ray -
154 micro-tomography; there,a CT scan was conducted on a Phoenix v|tome|x s by /ﬂ@_@_n_dr_a

155 Bergmann (Steinmann Institute, Bonn), providing ae of 118.1114um with 0.400 s of

156 exposure time. Two thousand two hundred unfiltered proje%ﬁ@(?lat 150 kV and 160 pA were .

157 used. Three-dimensional reconstructions and an animation were produced using the 107 W

158 tomograms in the x-z-plain by Julia Stilkerich using the free software SPIERS (Sutton et al. 2012; -

159 http://spiers-software.org). The fixed (ﬁzshold value was chosen to maximally separate pyritic

160 fossils from other materials; all tomograms were manually edited to have-the-mest -
TS ST @ =
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nterpretation of the position of the pyritic ammonoid vs. epicoles (Sutton,

rwood 2014). Coloyred masks were used to distinguish various features:
orthoconic nautiloid (red), brachiopod (blue)

conservative i

Rahman & Ga
ammonoid (yellow), runner-like epicoles (green),
and dacryoconarids (yellow).

Results

>’ Sy ; 5 :
! AU LA
T N (&,

RO

168  Position of the epicoles and its relationship with non-planispiral coiling

The 3D-mode! (see Figs. 3, 4) demonstrates the specimen is not entirely coiled planispirally as
was previously suspected based on taphonomic arguments, e.g., the fact the innermost whorl
ies entirely on top of the subsequent whorl (De Baets et al. 2013). Five clusters of epicoles can

172 be recognized in the 3D-model (see Figs. 3, 4).

173
174  Fig. 3: The ammonoid (brown), the epicoles (green) and the orthoconic nautiloid (red) in the 3D-model. The
175 different clusters were numbered from 1-5.
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187

Fig. 4: The ammonoid (brown), the runner-like epicoles (green) and the orthoconic nautiioid (red) rotated 180°.

At least three clusters (3-5) can be recognized on the phragmocone. Additional clusters (1, 2)
can be found on the body chambers. In the inner whorls on the phragmocone, these are at
least located dorsally on both sides of whorl cross section (see Figs. 3, 4). Their direction of
growth and budding follows the spiral axis of the ammonoid shell. The earliest recognizable

epicoles (cluster 5) coincide with the position where non-planispiralitymggognized'

(Fig. 5). [
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Fig. 5: The

white arrows mark the position where non-planispiral coiling can be first recognized.

__ eyplaiaaiey e & Fe5
jthere—&s—-ewdeﬁee—thatGusters (3-5) are growing on both sides of the

ammonoid (Fig. 6, cluster 5 exaetly-at-the PoOSIIOT-where-it-starts—unceiting). For the other

clusters on the body chamber this cannot be established with certainty as the phragmocone is
not infilled with pyrite.
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\
of the 3D-model to show that the epicoles are settling on both sides of theshell. & x "
T

(%

Fig- 6 Close-up

198 ; :Jg’;"‘: ;
199 Elongated components like the dacryoconarids Jareoften __ 7 \
500 orientated along the direction of tf(\)ﬁhprgégp-current Hiadil, Cejchan & Berousek 1991). M6t ’the T P
' rth:é orientation with respect to the substrate. pjn~ ;. ;.
AR

,01 dacryoconaridsffior the epicoles Ehow a prefe
The epicoles do show a preferential orientation with respect to the spiral axis of the O£ gy
ammonoids. The remainder of the components, which are small and bulky, probably are pryitic o 7 "f

£y 203 ;
L_q \ 204 nodules in different sizes. K g ~—
. e a0f P
: 205 o {\\d\g\é 3
| ot el
206 \
Orthoconic nautiloid
TR Dacryo_coharids__
Epicoles ' : '
Brachiopod
Ammonoid
207

208 Fig. 7: The 3D-model showing all components. A brachiopod is coloured blue and dacryoconarids are shown in
209 yellow. Runner-like epicoles are marked in green and orthoconic nautiloid in red.

210

211 Morphology of the runner-like epicoles
Al oty D %y \‘A-\C‘.‘
212 The pyritization and internal mould preservation does not make_it_possible-te—took—at fine \&
py p PLLE kN

(Crr,:w..'x- Qv ot v G

213 details or microstructure, but it does W@*& the branching pattern'in 3 ?-}‘ o
214 dimensions. The initial zooidXthat produced the b}@m«é colonies cannot be distinguished, but DNl ”.l.

4
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PN Ny
RSN Ny

the shorter axes in each colony give rise to two to three long lateral branches, Wthh are \Jou Lo
straight to slightly curved. The branching patterns o A ! he-g ] R o e
includi@k uniserial rows with distal parts of tubes turned rlght and Ieftc pluﬁrlstfe}"‘lgl\prgdws made of 3 b
subparallel tubes to irregularly bunched tubes. Part of variation could have been amplified by N
differential compaction in shales (Ross 1978; Briggs & Williams 1981). Diameter of the more 3D- WL (WA
preserved tubes is about 15 mm, but this might have been artificially augmented by

221 compaction (De Baets et al. 2013). The tubes expand distally andishghtly contracted at the apex, /v g

T AN

222 giving them a club-like appearance, which b-quite typical toF hederelloids (Elias 1944). The .. ., ./, \
223 tubes are mostly entirely attached with the exception of the apex which can be diagonally . N
224 upturned to upright. ) . P
G .f}.:' \ \KJ’Q} ‘:;f,']‘j/(_",l .1’(_;:: ‘
225 e R + .;U_‘,é-- ‘
226 Discussion ok i Izt
. : '\I"”\p e Q./GFQ
227  Synvivo vs. Post-Mortem encrustation P S 20
7% ~ 39 4‘)“5 %S
228 The s 3-5 of runner-like epicoles are growing on both side of the ammonond . \qs’@
1\.

S
{P\\,@’and that earliest cluster (5) coincides with the position where the deviations from planispiral .\«Q““
f 230 coiling start spgék for an encrustations of the ammonoid during its life-time. This is the oldest L
231 direct evidence for in-vivo encrustation of ammonoids. The previous record holders were S \\
232 Paranarcestes, Latanarcestes and Sellanarcestes from the Upper Emsian interpreted to be ¢

r—

1233  encrusted with auloporid corals during their lifetime (Klug & Korn 2001). £
. N 9 e
A . , "o ; 2% \)fi .
S BT, N ot s € ot 3¢ .
=735 Identity of th{encrusters P - w7 E}.&f' Q -~
236 The runner-like ehcrustefs were initially thought to be auloporid corals (De Baets et al. 2013), B "
G

-3y £'237  which are known to encrust brachiopods (Zapalski 2005; Mistiaen et al. 2012) and ammonoids
% 238 (Klug & Korn 2001) during their life-time. Auloporids are, however)often confused with ﬂ
hederelloids (Fenton & Fenton 1937; Elias 1944). Hederelloids are a problematlc group of
runner-like sclerobionts, which occurﬁﬁ the fossil record from the Sllurlanlmllnc-he Permian and V\.@s;w‘_" N ‘
rgé’fhh:‘thpé;;-ha\g-hest diversi&. in the Devonian (Solle 1952; Solle 1968; Taylor & Wilson 2007). o o
Hederelloids t traditionally béer treated as cyclostome bryozoans (Bassler e

. OOCL TN QABMIMTIALS pame O e
1939; Elias 1944; Solle 1952; Solle 1968; Dzik 1981), but they-are-elearly-rot-based-on branching s
patterns, skeletal microstructure, lack of an astogenetic gradient, and wide range in tube
diameters \('(B’pancroft 1986®W|Ison & Taylor 2001; Taylor & Wilson 2007). They are currently
mostly interpreted to be closely related to phoronids (Taylor & Wilson 2007; Taylor, Vinn &
Wilson 2010; Frey et al. 2014). Both auloporid corals and hederelloids would be quite rare in sen
the middle Kaub Formation as they need a solid substrate like shells to settle within the clayey | %"~

VoA

environments of the Hunsriick Slate (Bartels, Briggs & Brassel 1998). Ao e,
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=251 fme details, but the general morphology, branching patterns and tube diameters speak for their

2{.’ - N 9%‘ > F; A

: . # j /\ ‘;56-

: _ 2
] Y
£ 3 T AL R
é - - - .&_'\ ——

0 \..‘u"‘




252 identification as hederelloids rather than auloporids or bryozoans (Elias 1944; Bancroft 1986;
;53 Taylor & Wilson 2007). Hederelloids have been reported to encrust externally shelled
254 cephalopods before (Thayer 1974; Brassel 1977; Bartels, Briggs & Brassel 1998; Frey et al.
255 2014), but these are,to our knowledge the first reported to encrust an ammonoid in vivo. The
256 nature of the preservation does not allow for a clear diagnosis, but it might belong to the yet
257 unnamed species of Hederella previously reported from the Hunsriick Slate (Brassel 1977;
258 Bartels, Briggs & Brassel 1998). Sclerobionts can provide also important information on
259 paleoecology, sedimentary environments and taphonomy, both when they encrust shells in
260 vivo or after death of their host (Baird, Brett & Frey 1989; Kacha & Saric 2009; Rakociriski 2011;
261 Brett et al. 2012; Wilson & Taylor 2013; Luci & Cichowolski 2014; Wyse Jackson, Key & Coakley
262 2014; Luci, Cichowolski & Aguirre-Urreta 2016). Hederelloids are typical for the photic zone
263 (Brett et al. 2012), which could indicate that the ammonoid lived primarily within the photic
264 zone. This would be in line with the latest interpretations of the Hunsriick Slate with maximum
265 depths of about 200 m (Bartels, Briggs & Brassel 1998; Sutcliffe, Tibbs & Briggs 2002).
266 Additional studies on epicoles on ammonoid shells from the Hunsriick Slate would be necessary
267 to further test this hypothesis. So far, bivalves, brachiopods, bryozoans, crinoids and tabulate
268 corals have been reported to encrust conchs of ammonoids or other externally shelled
269 cephalopods from the Hunsriick Slate@. or middle Kaub Formation (Bartels, Briggs & Brassel %Y
270 1998; De Baets et al. 2013), but these have mostly thought to have happened post-mortem
271 (Bartels, Briggs & Brassel 1998; Jahnke & Bartels 2000; De Baets et al. 2013).

272
. 273 Implication for mode of life ComG Ak
\J\ 274 Loosely coiledcg rly ammonoids are restly-treated a8 poor swimmers based on their little
\.\,‘._}Vh‘.w 275 streamlineg wigh high drag (Westermann 1996; Klug & Korn 2004; Kiug et al. 2015) so that
l%:/"ﬂ’-_‘___,__zm_ad_djgiggal limitations impg‘sgc_lpy_gi@n streamlining and shell orientation might be (e¥en)—"
‘ 277 less important in these forms than in normally coiled ammonoids 'IW
278 swimmers. The fact that our specimen survived g@ggﬁp’ and growth
279 deformations associated with them (e.g., alterations in the mode of cc‘)oiling) until aduithood
280 further corroborates this idea, although further investigation ‘%mm
i is-hypothesis. The hederelloids generally grow along the spiral
direction and do not cross from one whorl to the next, which could speak they already
ncrusted the ammonoid during its lifetime too. We cannot entirely rule out a post-mortem
encrustation of clusters 1-2. Their apertures are preferentially orientated away from the
/2/85/ aperture of the ammonoid conch as opposed to those of the inner whorls (cluster 3-5) which
286 | are preferentially orientated towards it. Associated dacryoconarids do not show a preferential
287 | orientation with respect to the substrate or the epizoa. This does not necessarily speak against
288 their encrustation during the life-time of the ammonoid as the terminal uncoiling is interpreted
289 | to have influenced the life orientation from an upturned aperture in the inner whorls to a
290 | downturned aperture during the terminal uncoiling at the end of the ontogeny (Kiug & Korn
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291 2004; De Baets et al. 2013; Klug et al. 2015). We know the ammonoid specimen reached
292 adulthood because it terminally uncoils, which is interpreted as a sign of adulthood (De Baets et
293 al. 2013). Hederella is known to encrust other ammonoids from the Hunsriick Slate, but this
294 probably happened post-mortem (Brassel 1977; Bartels, Briggs & Brassel 1998). There is least-
295 no evidence that these happened in-vivo as these are located on incompletely preserved body
296 chambers, and some have been interpreted to encrust the inside of the shell — but this should
297 be further test with uCT. Additional studies would be necessary to confirm if our specimen is
298 an isolated case of in vivo encrustation or part of a more common phenomenon.

299
300
301 Implications for taxonomy

302 Defining pathological specimens as species can also have important taxonomic implications
303 (Spath 1945). Some even claim assigning a pathological specimen might undermine the status
304 of the species which are based on a pathological specimen and that a new type should be
305 selected (Haas 1946). This has recently been more intensively discussed for the holotype of
306 Homo floriensis (Kaifu et al. 2009; Eckhardt & Henneberg 2010). As the only known non-
307 planispirally coiled specimen is pathological, it is deemed better to designate another specimen
308 as type for this species to avoid ambiguity as non-planispirality does not belong to normal
309 intraspecific variation nor to the taxonomic definition of this taxon. We suggest to select
310 paratype SMF-HF 940 from the same locality as the neotype(De Baets et al. 2013). We are
311 however confident that original type specimen belong to same species as the neotype as it
312 completes the same amount of whor! before uncoiling, has a similar rib spacing and only differs
313 from other specimens in its pathological coiling deviations (De Baets et al. 2013).

314
315 Conclusions

316 With the aid of(@?, we can demonstrate that at least some of the encrustations must have
317 happened during/the lifetime of the ammonoid as the epicoles are located on both sides of the
318 ammonoid near place where deviations from planispiral coiling start. This indicates that the
319 non-planispiral, slight trochospiral coiling in this specimen is pathological and does not form a
320 part of the natural variation of as it was observed Mesozoic heteromorphs and originally
321 interpreted in this specimen (Diet! 1978; De Baets et al. 2013). To avoid taxonomic confusion
322 |as non-spiral coiling does not form part of the natural variation, we herein suggest to select a

' =333 _| non-pathological specimen as neotype for the species /voites opitzi. As the specimen survived at

324 | least 3 different encrustations and associated deformations, until adulthood, the effects on its
325 mode of life were probably negligible. We re-identify these runner-like epizoa as hederelloids
326 {as opposed to auloporid tabulate corals), which make them the first known hederelloids to
327 encrust an ammonoid in vivo and suggest that the ammonoid probably lived within the

Peer] reviewing PDF | (2015:12:7994:0:0:NEW 11 May 2016)



329
330

331

332
333

334
335

336

337

338

339
340

341

342

343
344
345
346
347
348
349
350

351

352
353
354
355
356
357
358
359

euphotic zone for most of its life. However, more studies on epicoles and epizoa from the
Hunsrick Slate, preferably with pCT, would be necessary to further corroborate these
hypotheses.
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