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Abstract : Certain morphological traits of the Amblypteridae, i.e. Amblypterus and Paramblypterus, suggest local
heterochronic processes by paedomorphosis. Since data on the ontogenetic stages of an ancestral paramblypterid
species are not available, Elonichthys palatinus, a fairly basal actinopterygian species, is used as a model for the
potential ancestral ontogeny to polarize patterns of heterochrony in the Amblypteridae. Presumably, ornamentation
and shape of the skull, squamation, and growth of the opercular series of Paramblypterus and/or Amblypterus were
affected by processes related to heterochrony.

Key words: lower actinopterygians, Permo-carboniferous, heterochrony, paedomorphosis, skull, squamation, oper-
cular series

Hétérochronie chez les Amblypteridae (Actinopterygii, Permo-Carbonifère) ?

Résumé - Certains traits morphologiques des Amblypteridae, i.e. Amblypterus et Paramblypterzs, suggèrent une
hétérochronie correspondant à une paedomorphose. Les différentes étapes ontogénétiques des Paramblypteridae
basaux n'étant pas connues, une espèce d'actinoptérygien basal, Elonichthys palatinus, est utilisée comme modèle
pour reconstruire un ancêtre potentiel afin d'établir les formes d'hétérochronie chez les Amblypteridae.
Vraisemblablement, l'ornementation et la forme du toît crânien, la squamation, et la croissance de la série opercu-
laire de Paramblypterus eTloa d'Amblypterzs sont affectées par des processus conditionnés par l'hétérochronie.

Mots-clés : Actinoptérygiens basaux, Permo-Carboniftre, hétérochronie, paedomorphose, toit crânien, squamation,
série operculaire.

INTRODUCTION and the body. One objective of the restoration in three
dimensions was to gain a certain understanding of the

Studies of the Amblypteridae are connected with biology of Paramblypterus duvernoyi and its rela-
research on paleoecosystems of lakes from the Lower tives. The likely diet and food uptake, and the likely
Permian of Central Europe (e.g., Boy, 1994, L998, in locomotor capabilities of Paramblypterus have been
press; Boy et aI. 1994; Clausing & Boy, 2000). dealt with earlier (Dietze, 2001). In the following, I
Objectives are the reconstruction of environmental will point out heterochronic processes that probably
conditions, paleocommunities, and food chains. The affected the morphology of the skull, ornamentation
members of the family Amblypteri dae, Paramblypte- of the skull bones, growth of the opercular series, and
rus duvernoyi, P. gelberti, P. decorus, and Amblypte- the serration of the scales.
rus latus, have been (re)described recently (Dietze, Heterochrony is the change in the relative time of
1998,1999, 2000). Their morphology and intra-spe- appearance or rate of development of a character
cific variation has been examined in detail and were during phylogeny and is considered part of evolutio-
the basis for three-dimensional models of the skull nary mechanisms (e.g., Gould, 1977;-Alberch et al.,
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1979; Alberch & Alberch, 1981; Hall, 1984; McNa-
mara, 1986). During ontogeny, the development or
onset of growth of certain structures may be accele-
rated or slowed down in relation to the ancestral
state, which is called peramorphosis and paedomor-
phosis, respectively (Gould, 1977; Alberch et al.,
1979;McNamara, 1986).

Paedomorphosis refers to the retention of ances-
tral juvenile characters in the descendant adult phase
by either progenesis, neoteny, or post-displacement.
Progenesis corresponds to precocious sexual matura-
tion, neoteny to reduced rate of morphological deye-
lopment, and post-displacement to delayed onset of
growth (Gould, 1977; Alberch et al., 1979; McNa-
ma.ra, 1986). Neoteny, progenesis, and post-displace-
ment can affect only certain structures or major enti-
ties of the organism. This is referred to as local or
global changes, respectively (McKinney & McNa-
mara, l99l).

Morphological changes related to heterochrony
have been described for many recent vertebrate taxa,
such as cichlid (Mayer, 1987) and characid (Fink,
1989) fishes, salamanders (Gould, 1971: Alberch &
Alberch, 1981), snakes (Irish, 1989), and rodents
(Hafner & Hafner, 1984).In fossil vertebrate species,
heterochrony is difficult to identify, since more often
than not, ontogenetic stages of a possible ancestor are
not available. Still, features related to heterochrony
could be postulated for a variety of taxa, such as dip-
noans (Bemis, 1984), certain dissorophoid amphi-
bians (Boy, 1993, 1995; Schoch, 1995), dinosaurs
(Long & McNamara,1995), and deer (Gould, 1974).

Certain morphological traits of the Amblypteri-
dae suggest local heterochronic processes by paedo-
morphosis.

MATERIALAND METHODS

Material of the Amblypteridae, i. e. the genera
Paramblypterus Saavage, 1888 and Amblypterus
Agassiz, 1833, examined here, is from Late Carboni-
ferous to Early Permian lacustrine deposits from the
Saar-Nahe Basin of Germany (e.g., Boy, 1976, 1994;
Dietze 1999,2000) and from the Commentry Basin
of France (Blot, 1966; Poplin 1994). The type species
of Paramblypterus is Paramblypterus decorus (Eger-
ton, 1850) designated by Blot (1966). Other species

included in this genus are Paramblypterus duvernoyi
(Agassiz, 1 833), P aramblypterus gelberri (Goldfuss,
1847), and Paramblypterus rohani (Heckel, 1861).
The remaining nominal species in the genus (P. cau-
datus, P luridus, P. obliquus, P. reussi, P comblei,
and P gaudryi) either represent junior synonyms, or
are known too poorly to allow for a comparison
(Dietze, 2000). Amblypterus, the other genus of the
Amblypteridae, contains only one species, Amblypte-
rus latus Agassiz 1833.

In the course of this study, 413 specimens of
Paramblypterus duvernoyl (Agassiz, 1833) with a
size range of 19 - 220 mm,106 specimens of Param-
blypterus gelberti (Goldfuss, 1847) with a size range
of 35.5 - 151 mm, 83 specimens of Paramblypterus
decorus (Egerton, 1850) with a size range of 66 - 245
mm, and 73 specimens of Amblypterus latus with a
size range of 34 - 128 mm were examined, thus repre-
senting the most comprehensively examined family
of basal fossil actinopterygians to date. Intra-specific
variation concerning the dermohyal, <<suborbital>>,
rostral, parietal and extrascapular bones ofthese spe-
cies have been described earlier (Dietze 1999,2000).
For a complete list of catalogue numbers see Dietze
(2000).

Specimens from the Saar-Nahe Basin and the
Commentry Basin are preserved as compressions
flattened during fossilization either articulated or
disarticulated. Bones of articulated specimens usual-
ly are somewhat spread out around the midline of the
body by post-mortem bursting, thus preventing
bones from being distorted. Surface structure, such
as sculpturing of the skull roofing bones and scales,
is present on many specimens. AWild M8 microsco-
pe equipped with a camera lucida was used to draw
the specimens. Drawings of the best preserved spe-
cimens were used for three-dimensional restoration.
These drawings were transferred onto thin paper
which was melted on thin plates of bees'wax. These
paper and wax <<bones>> of the skull and palate were
then cut out and assembled in a three-dimensional
model. The paper was used as control as not to
exceed the degree of bending and to avoid too much
distortion of the wax and paper bones. Reconstruc-
tion of the postcranial part was undertaken in similar
fashion and, including the restored fins, fit onto the
reconstructed skull and photographed. Trunk length
was measured from the posterior margin of the
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supracleithrum to the centre of the caudal fin. To
establish D-values (Schmidt-Kittler, 1984, 1986),
drawings of the scales and opercular bones were
digitised in AUTOC AD 12 and areas and circumfe-
rence were calculated. D-values can be used to dis-
tinguish shapes by comparing them to the area of a
circle with the same circumference (L) as the object
in question (Schmidt-Kittle\ 1984,1986). D is a des-
criptive parameter and equals the area of the accor-
ding circle divided by the area of the shape (F) :

p=
4 n.F

Objects with an area similar to that of a circle
yield D-values close to 1, whereas more complex
shapes have higher D-values.

Areas and circumference of subopercular and
opercular bones calculated in AUTOCAD 12 were
also entered into a two-sample analysis. In order to
compensate for the size of the specimens, this value
was divided by the standard length of the individual
specimen.

Paramblypterus dlffers from Amblypterus by the
following characters: <<nasal>> split up secondarily.
Dermohyal not present as a single ossification. More
than two <suborbitals>>. Seven to nine branchiostegal
rays. Gap between opercular series and skull roofing
bones absent. Duplication of the extrascapular series
present. Scales serrated weakly, with little ornamen-
tation.

Paramblypterus decorus is charactenzed by the
following combination of characters: all bones of the
skull ornamented densely. Parietal process absent.
Rostral flaring anteriorly. Almost equal sized der-
mosphenotic 1 and supratemporal. Sturdy sclerotic
bones present. Six to nine <<suborbital>> bones. Maxil-
lary plate of medium depth. Premaxilla contacts
lacrimal ventrally. Seven to ten dermohyal bones.
Dermosphenotic I contacts <<nasal I>>. Iugal 2
contacts <<spiraculao. <<Spiracular> angular. Nine
branchiostegal rays. Postcleithral region variable; up
to three enlarged scales ventral to postcleithrum.
Forty-six or forty-seven scale rows along lateral line.
Scales serrated weaklv.

Paramblypterus duvernoyi is characterized by
the following combination of characters: distinct
ornamentation of parietals, postparietals, extrascapu-
lars, posttemporals, dermosphenotics, supratempo-
rals and supracleithra. Parietals with variable lateral
process. One or two medial extrascapular(s). Additio-
nal lateral extrascapulars contact opercle. Rostral
tapering anteriorly. Sclerotic bones absent. Six
<suborbital>> bones. Maxillary plate deep. One or two
dermohyal bones. <Spiraculan> rounded. Opercular
and subopercular areas and D-values different from
those of P. gelberti. Eight branchiostegal rays. D-
values of scales 1.4 tct 2.0. Area of serrated scales
narrowing towards anal fin. Forty-two + two scale
rows along lateral line.

Paramblypterus gelberti is characteized by the
following combination of characters: little ornamen-
tation of parietals, postparietals, extrascapulars, post-
temporals, dermosphenotics, supratemporals and
supracleithra. Parietals with lateral process. One or
two medial extrascapular(s). Additional lateral extra-
scapulars do not contact opercle. Rostral tapering
anteriorly. Sclerotic bones absent. Five <<suborbital>
bones. Maxillary plate deep. One to three dermohyal
bones. <<Spiraculan> rounded. Eight branchiostegal
rays. D-values of scales higher than2.0. Forty-two +
two scale rows along lateral line. Area of serrated
scales on body not tapering towards anal fin. Orna-
mentation of scales fairly prominent.

The genus Amblypterus, and its only species
Amblypterus latus, are charactenzedby the following
combination of characters: distinct ornamentation of
parietals, postparietals, extrascapulars, posttempo-
rals, dermosphenotics, and supratemporals. No parie-
tal proces. Single pair of lateral extrascapulars. Ros-
tral probably tapering anteriorly (Gardiner, 1963).
Delicate sclerotic bones present. <<Nasal>> present as
single ossification. <<Nasal>> borders the orbit ante-
riorly. Supratemporal more than two times longer
than dermosphenotic 1. Dermosphenotic 1 and der-
mosphenotic 2 contact <<nasal>>. Single dermohyal.
Two <<suborbitals>. Maxillary plate deep. Ten bran-
chiostegal rays. Postcleithrum absent. Posterior
edges of scales straight, bearing concentric striae.
Forty + two scale rows alons lateral line.

L2
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In s tiruti onal ab b rev i atio ns

GPIM, Geologisch-Palâontologisches Institut
M:lnz; MB, Museum ftr Naturkunde der Humboldt-
Universitât, Berlin; MNHN, Muséum national
d'Histoire Naturelle, Paris; NHM/LfN-P\ryL,
Landessammlung fiir Naturkunde Rheinland-Pfalz,
Naturhistorisches Museum Mainz; SMF,
Forschungsinstitut und Natur-Museum Senckenberg,
Frankfurt/Main. See Dietze (2000) for a complete list
of material examined.

Anat omi c al abb rev i atio ns

a.no, anterior nostril; ac.Op, accessory opercle;
Ang, angular; Br.r, branchiostegal rays; Cl, clei-
thrum; Cor, coronoid; D, dentary; Dhy, dermohyal;
Dph (1-2), dermosphenotic (1-2); Hym, hyomandi-
bula; inf.s.c, infraorbital sensory canal; Jn l-2,
jugal I-2; l.Exc (1-2), lateral extrascapular (l-2);
l.Gu, lateral gular; La, lacrimal; m.Exc, medial
extrascapular; m.Gu, median gular; Mx, maxilla;
..Nan, <<nasal>>; <<Na L-2>, secondarily split up
<<nasal>>; Op, opercle; Pa, parietal; Pcl, postclei-
thrum; Pmx, premaxilla; p.no, posterior nostril; Pop,
preopercle; Ppa, postparietal; Proc.op, processus
opercularis; <<Pspi>, <<postspiracular>>; Ptt, posttem-
poral; Qi, quadratojugal; Ro, rostral; Sa, surangular;
<<Sbo>, <suborbital>>; Scl, supracleithrum; Sop, subo-
percle; sorb.s.c, supraorbital sensory canal; ..Spitr,
<<spiraculan>; S.r, sclerotic ring elements; St, supra-
temporal; st.s.c, supratemporal sensory canal.

Terminology

Terminology follows Aratia & Schultze (1991)
and Arratia & Cloutier (1996). Other terminologies
set off by quotation marks, except for the <<nasal>>,
refer to terms commonly used in previous works
(e.g., Blot, 1966; Heyler, 1969) on paramblypterid
fishes. Different terminologies are currently being
used for dermal cranial bones (e.g., Arratia &
Cloutier, 1996: based on homologization; Poplin &
Lund, 1997: traditional nomenclature). For bone ter-
minology adopted herein differing from common
usage see Dietze (2000).

Remarks

Data on E. palatinus was kindly provided by T.
Schindler. His research was part of a doctoral disser-
tation carried out at the Johannes-Gutenberg-
Universitât, Maina the results of which have not
been published yet. Specimens are deposited in the
collection of the Geologisch-Palâontologisches
Institut, Johannes-Gutenberg-Universitât, Mainz.

FEATURES INDICATING HETEROCHRONY

Fifty taxa of basal actinopterygians were analy-
sed using PAUP version 3.1.1 (Swofford, 1993). The
distribution of48 cranial and 9 postcranial characters
was determined. All characters were run unordered
with delayed transformation (DELTRAN) as charac-
ter optimisation. A heuristic search was carried out
using the branch-swapping algorithm. Cheirolepis
trailli (Pearson, L982), a primitive actinopterygian,
was used as outgroup. PAUP resulted in 330 most
parsimonious trees with each having a tree length of
408. The strict consensus tree is illustrated in figure
1. Each parsimonious tree has a consistency index
(CI) of 0.24, and a retention index (RI) of 0.57.
Apparently, the low consistency index is related to a
high degree of homoplasy among lower actinoptery-
gians.

All 330 most parsimonious trees resulted in a
monophyletic group containing [Amblypteridae +
Acrolepis sedwicki) + Cornuboniscus budensis) +
Belichthys minimus) + Dicellopyge macrodentatal.
This group formed a polychotomy with three other
monophyletic groups in the strict consensus tree (fig.
1). The Amblypteridae were resolved completely
with (P decorus + P. rohani) being the sister group
of (P. duvernoyi + P gelberti), and Paramblypterus
being the sister taxon of Amblypterus. Even though
several polychotomies are present in the strict
consensus tree (fig. 1), the position of the
Amblypteridae is unambiguous for the taxa that have
been analysed. Various analyses were run with redu-
ced data sets (see Dietze,2000) excluding taxa with
many uncertainties, and,/or accelerated transforma-
tion (ACCTRAN) as character state optimisation. All
analyses resulted in the same topology concerning
the Amblypteridae.
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Fig. 1 : Strict consensus tree
(330 most parsimonious trees

with a length of 408 steps) of

50 taxa aralyzed for 57 charac-

ters showing the relationship of

the Amblypteridae and certain

lower actinopterygians.

Arbre de consensus strict des

330 arbres équiparcimonieux à

408 pas pour 50 taxons analy-

sés et 57 caractères montrant

les relations de parenté des

Amblypteridae et d'un échan-

tillonnage représentatif des

Actinoptérygiens basaux.

Acrolepis sedgwicki
Amblypterus /afus
Pa ra mblypferus decorus
Paramblypterus rohani
Pa ra mbly pteru s d uvernoy i
Pa ra mblypteru s g elberti
C or n u bo n i sc us budensis
Belichthys minimus
D icellopyge macrodentata
Aeduella blainvillei
Boreosomus piveteaui
Ptycholepis barboi
Ptycholepis marshi
Ahanolepis decernans
'Phanerosteon' phonax
Ke nd er lich thy s tu berc ula tu s
Uydenichthys magnus
Uydenia latifrons
Eigilia nielseni
C yl indric hthy s ma cr opter u s
C ylindric hthy s va s ile n koi
Karaoungaria kleimani
G ardiner ia akkolke n sis
N ematoptych ius gree nocki
Gonatodus punctatus
Cyranorhis bergeraci
Fubarichthys copiosus
Yogoniscus gulo
Pter on i sc u/us sfensioei
Wendichthys dlcksoni
' R ha d i n ic h thys' a fherfonensis
Pa lae on iscu m freie sleben i
C ycloptychiu s c on ce n tr icus
G yr ole p id ofes schmldfi
Mentzichthys jubbi
' Rha d i n ichthys' canoblensis
Au str al ic hth y s lon g id or sa Ii s
N amaic hthys schroederi
Aetheretmo n va le ntia c u m
Coccocephalus wildi
M oyth oma s ia d ur gari n ga
Mimia toombsi
Commentrya traquairi
Elonichthys palatinus
Howqualepls rostndens
Mansfieldiscus sweefi
Moythomasia nitida
O sorio ichthy s mar g i n i s
C he iro lep i s ca na densis
Cheirolepis trailli
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Since data on ontogenetic stages of an ancestral
species are not available, Elonichthys palatinus (frg-
28) is used as an outgroup to polarize patterns of
heterochrony in the Amblypteridae. The position of
E. palatinus in the strict consensus tree indicates that
it is a basal actinopterygian species with many ple-
siomorphic characters. Moreover, it is more or less
the only basal fossil actinopterygian for which onto-
genetic data is available. As in most osteichthyans,
ornamentation of the skull and of the scales, as well
as serration ofthe scales increases during ontogeny in
E. palatinus (T. Schindler, unpublished data 1998).
The snout of E. palatinas is bluntly rounded in juve-
nile specimens, whereas it is drawn out into a blunt
rostrum in adults (T. Schindler, unpublished data
1998). According to the ontogeny of E. palatinus, it
is likely that the ancestor of the Amblypteridae star-
ted out with little serration and ornamentation of the
scales and little skull ornamentation. both of which
increased during ontogeny, and a rounded snout which
subsequently grew more pointed during ontogeny.

The skull

Most basal fossil actinopterygians, such as
Mimia (Gardiner, 1984), Osorioichthys (Taverne,
1997), or Cyranorhr"s (Lund & Poplin, 1997), have a
drawn out snout, but Amblypterus latus, Paramblyp-
terus duvernoyi, and P gelberti (Dietze, 1999,2000)
have a bluntly rounded snout in adults (figs. 2A, 3).
It is possible that the skulls of these species resemble
a juvenile condition which might be related to paedo-
morphosis. In contrast, the skulls of adult specimens
of P decorus are not affected by paedomorphosis.
According to the relationships of the Amblypteridae
(Dietze, 2000), paedomorphosis regarding the skull
must have arisen at least twice. i.e. on the branch lea-
ding toA. latus andon the branch leading to P duver-
noyi and P gelberti (fig. 3).

m.Exc 'Pspi '

ac.op

^Br.r /-\ Br.r B

Fig. 2: A. Paramblypterus duvernoyi, restoration of the skull (GPIM-M5819 & GPIM-M4939), lateral view, scale bar = 10 mm (after Dietze,
1999). B. Elonichthys palatinus,lateral view (modified after Schindler, 1993); scale bar = 5 mm.
A. Paramblypterus duvernoyi, reconstitution du crâne (GPM-M5819 & GPIM-M4939), en we latérale, barre d'échelle = 10 mm (d'après
Dretze, 1999).8. Elonichthys palatinus, en vue latérale (modifié d'après Schindler, 1993), barre d'échelle = 5 mm.
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Fig. 3 : Skull morphology of the Amblypteridae according to Dietze (1999, 2000), left to right: Amblypterus /aras (SMF75p & MB.f.3g09b),
Paramblypterus decorus (MNHNl962-l), Paramblypterus duvemoy, (GPIM-M5819 & GPIM-M4939), paramblypterus gelberti (GPIM-
M2248). Hypothesis of phylogenetic relationships of Amblypterus and Paramblypterus from Dietze (2000), based on the distribution of 57
characters among 50 species of lower actinopterygians. Node A: supratemporal more than two times longer than dermosphenotic I, dermos-
phenotic I contacts <<nasalr, dermosphenotic 2 contacts <nasal>>, jugal 2 does not contact <spiracular>>, <suborbitals> contact jugal 2, gap bet_
ween opercular series and skull roofing bones present, postcleithrum absent, posterior edges of scales straight. Node B: additional lateral
extrascapular do not contact opercle, ventral protuberance of supratemporal absent, three to six <suborbitals>, <<nasal> split up secondarily,
nine or eight branchiostegal rays, dermohyal not single. Node C: postparietal does not contact lateral extrascapular l, anterior third of supra-
temporal contacts parietal, <spiraculao> angular, maxillary plate of medium depth, ventral margin of maxilla straight. Node D: parietal pro-
cessus present, supratemporal longer than dermosphenotic l, dermosphenotic 2 does not contact <spiraculao, dermosphenotic 2 contacts
<suborbitals>,jugal I contacts <suborbitals> posterodorsally, jugal2 does not contact <spiraculan>, sclerotic ring absent. Node E: additional
lateral extrascapulars contact opercle. Node F: supratemporal does not contact opercle, little skull omamentation.
Morphologie du toit crânien des Amblypteridae d'après Dietze (1999,2000), de gauche à droite: Amblypterus latus (SMF75P & MBf3809b),
Paramblypterus decorus (MNHN 1962-l), Paramblypterus duvemoyi (GPIM-M5819 & GPIM-M4939), paramblypterus gelberti (GPIM-
M2248). Hypothèse des relations phylogénétiques d'Amblypterus et de Paramblypterus d'après Dietze (2000) basée sur la distribution de 57
caractères parmi 50 espèces d'actinoptérygiens basaux. Noeud A: supratemporal deux fois plus long que dermosphénotique 1 , dermosphéno-
tique I en contact avec le <nasal>, dermosphénotique 2 en contact avec le <<nasal>>, jugal2 sans contact avec le <<spiraculaire>, <<supraorbi-
taux>) en contact avec le jugal 2, espace entre la série operculaire et les os du toit crânien, postcleithrum absent, écailles avec un bord posté-
rieur droit. Noeud B: extrascapulaire latéral additionnel sans contact avec I'opercule, absence de protubérance ventrale sur le supratemporal,
trois à six <<sous-orbitaux>, division secondaire du <nasal>, huit ou neuf rayons branchiostèges, dermohyal non unique. Noeud C: postparie-
tal sans contact avec I'extrascapulaire latéral l, tiers antérieur du supratemporal en contact avec le pariétal, <spiraculaire>> anguleux, plaque
du maxillaire présentant une hauteur moyenne, maxillaire présentant une marge ventrale droite. Noeud D: présence du processus pariétal,
supratemporal plus long que le dermosphénotique l, dermosphénotique 2 sans contact avec le <<spiraculaire>, dermosphénotique 2 en contact
avec les <sous-orbitaux>, jugal I en contact avec les <<sous-orbitaux>> postéro-dorsalement, jugal 2 sans contact avec le <spiraculaire>>, absen-
ce des anneaux sclérotiques. Noeud E: extrascapulaires latéraux additionnels en contact avec l'opercule. Noeud F: supratemporal sans contact
avec I'opercule, faible ornementation du toit crânien.

Amblypterus
Iatus

Paramblypterus
duvernoyi

Paramblypterus
gelberti

F

A
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Ornarnentation of skull bones

Skull bones of Paramblypterus decorus are orna-
rnented as densely as in adult specimens of
Elonichthys palatinus, but bear less ornamentation in
specimens of A. latus and P duvernoyi, the bones of
which are ornamented moderately. Little ornamenta-
tion is present on the bones of the skull of P. gelberti
(Dietze,1999), which is even less than in A. Iatus and
P. dwvernoyi. Ornamentation of the skull bones

increases during ontogeny in all species to various
degrees. However, ornamentation in P duvernoyi and
A. latus does not reach the level of density which is
present in P. decorus. Skull bones ofjuvenile speci-
mens of P. gelberti are more or less smooth with the
degree of ornamentation hardly increasing during
ontogeny. According to the distribution of this featu-
re, it occurred twice within the Amblypteridae, on the
branch that characterizes P. duvernoyi and P gelber-
ti, and on the branch chancteizing A. latus (fig.4).

Amblypterus
latus

Paramblyptæus
duvernoyi

LJ 'r-i il

- i  r ' )
.:.! 

i
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Paramblypterus
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'i$r,
t/

Paramblypt*us
gelberti

f-r //-''-'u;_t i l
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I  A iBI

'r-l

\"ti sù q r\,-,-. ? r
\i

L/tg
scales

skull bones

qs\
\,

a 6?

A B c

a b ?

A B c D

assumed ancestral cond ition

a b c d

A B c D

\

10



DIETZE - HETEROCHRONY WITHIN AMBLYPTERIDAE

Opercular series

Paramblypterus gelberti and P duvernoyi vary
from one another in the growth and shape of the
subopercle and the opercle. In specimens smaller
than 100 mm trunk length, opercle and subopercle of
P. gelberti are larger than in P. duvernoyi (Dietze,
1999: figs. 16,I7). A statistical two sample analysis
of subopercular and opercular bones of. P. gelberti
and P duvernoyi showed that these differ significant-
ly (p<0,001). Distinction between pairs of means was
greatest, when areas of opercle (fig. 5A) or subo-
percle (fig. 5B) were divided by their circumference
and trunk length of the specimen. The growth of the
opercular bones of P. gelberrl is different from P
duvernoyi; either the growth of the opercle is delayed
in P gelberti or accelerated in P. duvernoyi.
However, ontogenetic data on the development of the
opercular series of E. palatinus are not available as
yet and therefore could not be compared with the data
of P. duvernoyi and P. gelberti to determine polarity.

<- Fig.4

Features of heterochrony of the Amblypteridae in comparison to a
potential ancestor which is reconstructed from features present in

the plesiomorphic species Elonichthys palatinus: serration and orna-

mentation of the scales (upper row), and omamentation of the skull

bones, e.g., dermosphenotic 2 (lower row); Iower case letters repre-

sent morphological stages of the scales (smooth, with concentric

striae-serrated-serrated along entire posterior margin-serrated and

ornamented), upper case letters represent morphological stages
regarding the ornamentation of skull bones (scarce-little-moderate-

dense), all of which are present in the ancestral condition during the

ontogenetic development. Missing morphological stages in the indi-

vidual species indicate heterochronic processes.

Comparaison entre les caractères d'hétérochronie des

Amblypteridae et un ancêtre potentiel reconstitué d'après des carac-

tères présents chez I'espèce plésiomorphe Elonichthys palatinus:

dentelure et ornementation des écailles (rangée supérieure) et orne-

mentation des os du toit crânien, e.g. dermosphénotique 2 (rangée

inférieure); les lettres minuscules représentent les stades morpholo-

giques des écailles (lisses, avec stries concentriques, dentelées, den-

telées le long du bord postérieur, dentelées et ornementées), les

lettres majuscules représentent les stades morphologiques selon

l'ornementation des os du crâne (rare, faible, modérée, dense). Tous

ces états sont présents durant le développement ontogénique de la

condition ancestrale. Les stades morphologiques manquants chez
certaines espèces indiquent un phénomène d' hétérochronie.

Fig.5

Box and whisker plot of area of bones divided by their circumferen-

ce and trunk length of specimen of Paramblypterus duvernoyl and P
gelberti. The Box-and-Whisker Plot displays a plot of paired diffe-

rences, which are divided into four areas of equal frequency (quar-

tiles). Tiny squares correspond to outliers (extreme individual

values). A. Opercular bones (OP). B. Subopercular bones (SOP).

Les distributions 'box and whisker'correspondent à lagurface des os

divisée par leur circonférence et la longueur du tronc pour

Paramblypterus duvernoyi et P gelberti. Les quartiles (i. e. aire de

distribution équivalentes) sont représentés sur le graphique. Les
petits carrés correspondent aux 'outliers', individus isolés. A. Os

operculaires (OP). B. Os sous-operculaires (SOP).
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Squamation

The scales of A. latus are completely smooth,
bear concentric striae only, and are not serrated (fig.
6). The scales of P. decorus bear little ornamentation
and are weakly serrated (fig. 6). Serration and orna-
mentation of the scales of P. duvernoyl (fig. 6) is
similar to P. decorzs and is less than in P. gelberti
(fig. 6). Scales of A. latus remain smooth and without
serration throughout ontogeny. In small specimens of
P. duvernoyi, the area on the body bearing serrated
scales is larger than in adult ones. Ornamentation and
serration is less than in equal sized specimens of P
gelberti. Whether this applies to specimens of P
decorus as well is difficult to evaluate, since the pos-
terior edges of the scales are broken in most of the
specimens.

According to the degree of serration, scales of P

duvernoyi and P decorus have D-values between 1.4
and 2.0, whereas scales of P. gelbertl have D-values
higher than 2.0. In P. duv e rnoy i (fig. 7 ), the portion of
the body bearing serrated scales decreases in area
during ontogeny so that serrated scales are confined
to the area immediately posterior to the skull, whe-
reas the degree of serration stays the same in speci-
mens of P. gelberti (fig. 8). It appears that the deve-
lopment of the serration and ornamentation of scales
of P. duvernoyi and P. gelberti, or as a matter of fact
of all species of the Amblypteridae described herein,
are affected by paedomorphosis. Even though scales
of P. gelberti arc more serrated than scales of P
duvernoyi, serration is less than in E. palatinus. Since
scales of P. gelberti are more serrated and bear more
ridges than the other species of the Amblypteridae,
paedomorphic characteristics of the squamation must
have evolved separately in all four species (fig. 3).

Amblypterus
/atus

Paramblypterus
decorus

Paramblypterus
duvernoyi

Paramblypterus
gelberti

Fig. 6' : Detail of squamation, left to right: Amblypterus latus, Paramblypterus decorus, Paramblypterus duvernoyi, paramblypterus gelber-
ri. Scale bar = 5 mm (from Dietze, 2000).
Détail de la squamation, de gauche à droite: Amblypterus latus, Paramblypterus decorus, Paramblypterus duvernoyi, paramblypterus gel-
berti.Barr.e d'échelle = 5 mm (d'après Dietze, 2000).
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Fig.8.
Paramblypterus gelberti, shaded area conesponds to serrated scales
on specimens, trunk length of specimens in parentheses. A. GPIM-
M2272 (129 mm). B. GPIM-M5834 (136 mm). C. GPM-M2315
(150 mm). Body depth and caudal peduncle not to scale. Scale bar =
100 mm. Scale growth in Paramblypterus is allometric (Dietze
1999, 2000). Thus, trunk length ofbroken specimens can be estima-
ted according to the size of their scales.
Paramblypterus gelberti, la surface ombrée correspond aux écailles
dentelées, la longueur du tronc des spécimens étant entre paren-
thèses. A. GPIvI-M2272 (129 mm). B. GPM-M5834 (t36 mm). C.
GPM-M2315 (150 mm). La taille des spécimens incomplets a été
estimée d'après leurs séries de croissance (Dietze 1999). Hauteurdu
corps et pédoncule caudal non à l'échelle. Barre d'échelle = 100
mm. La croissance des écailles chez Paramblypterus est allomé-
trique (Dietze 1999, 2000). Ainsi, la longueur des spécimens cassés
peut être estimée grâce à la taille de leurs écailles.

Fig. 7
Paramblypterus duvemoyi, shaded area corresponds to serrated
scales on specimens, trunk length of specimens in parentheses. A.
GPM-M5816 (55 mm). B. NHM/LfN-PWL1985/4 (75 mm). C.
GPM-M5817 (80 mm). D. GPM-M5822 (80 mm). E. GPM-
M5811 (118 mm). F. GPIM-M5814 (132 mm). c. GPM-M5815
(151 mm). H. GPM-M5835 (186 mm). Body depth and caudal
peduncle not to scale. Scale bar = 100 mm.
Paramblypterus duvernoyi, la surface ombrée correspond aux
écailles dentelées, la longueur du tronc des spécimens étant entre
parenthèses. A. GPIM-M5816 (55 mm). B. NHM/LfN-PWL1985/4
(75 mm). C. GPIM-M5817 (80 mm). D. GPM-M5822 (80 mm). E.
GPM-M5811 (118 mm). F. GPIM-M5814 (132 mm). G. GPIM-
M5815 (l5l mm). H. GPM-M5835 (186 mm). Hauteur du corps et
pédoncule caudal non à l'échelle. Barre d'échelle = 100 mm.
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CONCLUSIONS

In comparison with the ontogenetic sequence of
Elonichthys palatinus as outgroup, certain features of
the Amblypteridae suggest heterochronic processes
of paedomorphosis. In conffast to the common pat-
tern among lower actinopterygians, i.e. a blunt snout,
Paramblypterus duvernoyi, P. gelberti, and Amblyp-
terus latus have a more rounded snout. Retaining a
rounded snout in the adult fish results in a short gape
with the mouth opening oriented further anteriad.
This is advantageous for suction feeding (Liem,
1993) and could represent an adaptation for feeding.
Unlike the squamation in most osteichthyans, sena-
tion of the scales appears not to increase during onto-
geny, but to be reduced in the Amblypteridae. This
affects individual scales or the area on the body bea-
ring serrated scales. Moreover, various degrees of
reduction of the ornamentation of the skull bones,
dense - moderate - little, can be observed within the
Amblypteridae. Data on opercular and subopercular
bones of P. duvernoyi and P. gelberti indicate either a
delayed growth in the latter, or an accelerated grow-
th in the former. However, more information on the
growth of opercular bones of an ancestral species
would be needed to further corroborate this observa-
tion.
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