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Plio cene fish spe cies based on skel e ton re mains and as so ci ated teeth ever re ported from the in ner Carpathian area in Ro -
ma nia in the Braºov Ba sin (Baraolt sub-ba sin), which re fers to a pike (Esox sp.). The fish fos sils il lus trat ing a large-sized
spec i men orig i nate from the South Racoº coal open pit (Racoºu de Sus, Covasna County), in the so-called “For ma tion with
Limnocardium” (Dacian, Lower Plio cene). Com par i sons with osteological ma te rial of re cent pikes orig i nat ing from var i ous lo -
cal i ties in Ro ma nia are pre sented. The as so ci ated mol lusc fauna known from the for ma tion that yielded the pike re mains
sug gests the pres ence of a lake with a strat i fied wa ter col umn in the Baraolt sub-ba sin.
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INTRODUCTION

Plio cene de pos its of Ro ma nia are ex posed in both in ner
and outer Carpathian re gions. The ma jor ity of ex po sures is lo -
cated in the Dacian Ba sin, ei ther on its west ern (Oltenia) or
north east ern (south ern Moldova) sides (Andreescu et al., 2011, 
2013). Be sides plants and var i ous in ver te brates, the Plio cene
palaeontological re cord in cludes also ver te brates (e.g.,
Rãdulescu and Sam son, 1985, 2001; Codrea, 2000;
Rãdulescu et al., 2003). With few ex cep tions, the ver te brates
are mainly mam mals, whereas other groups as fish, liz ards and
am phib i ans are rarely re ported mainly in few old ref er ences,
some times with doubt ful as sig na tions (e.g., pres ence of a
“Lamna” shark in Moldova at Mãluºteni, in Simionescu, 1930).

In the in ner-Carpathian re gion, such de pos its can be no -
ticed only in more re stricted ar eas, mainly in the Braºov Ba sin
(south east ern Transylvania). As a re sult of coal min ing op er a -
tions car ried out at the Racoºu de Sus (= Felsörakos, Covasna
County) open pit over the last de cade, some ver te brate fos sils
were re cov ered, e.g., few rhi noc eros re mains (forelimb bones
and ribs) found in coal. In 2004, a nearly com plete skel e ton of
the mast odon Anancus arvernensis (Croizet and Jobert, 1828)
was un earthed (Toth et al., 2010). Close to the mast odon pel vic 
bones, some scat tered bones (den ta ries and ribs) doc u ment ing 
a large-sized pike were also re cov ered. They firstly ev i dence
the pres ence of a Plio cene pike in the in ner Carpathian re gion.

GEOLOGICAL SETTING

Racoºu de Sus is lo cated in the Braºov sed i men tary ba sin,
the larg est intra-moun tain ba sin of the East Carpathians. It in -
cludes three smaller sub-bas ins, named from west to east:
Bârsa-Baraolt, Sf. Gheorghe and Breïcu (Sãndulescu, 1984).
Among these, the wes tern most Bârsa-Baraolt sub-ba sin
(Fig. 1) is bounded by the Perºani and Baraolt moun tains. The
Baraolt and Cormoº rivers are cross ing the ba sin; both are the
right trib u tar ies of the Olt River.

The base ment of the Bârsa-Baraolt sub-ba sin is rep re -
sented by the Me so zoic flysch (Lower Cre ta ceous: “Neo -
comian”) of the Baraolt and Ceahlãu nappes (Sãndulescu et al., 
1968); both are parts of the Outer Dacides (Sãndulescu, 1984).
To the north, these rocks are cov ered by the Neo gene vol -
cano-sed i men tary and vol ca nic de pos its of the Harghita Moun -
tains (Fielitz and Seghedi, 2005; Lexa et al., 2010).

Based on molluscs and plant re mains, dif fer ent Mio cene
ages were pre sumed for the be gin ning of this sed i men ta tion
(Pontian, in Savu et al., 1978; Savu, 1981; Petrescu et al.,
1987; Pannonian s. str. – “Meotian” – in Kusko, 1983), but the
magnetostratigraphy (Andreescu et al., 1987) and fos sil ver te -
brates (Rãdulescu and Sam son, 1985) sup port a Plio cene age
for the basalmost sed i ment (Rãdulescu and Sam son, 1985;
Andreescu et al., 1987).

Con cern ing the lithostratigraphic units, there are dif fer ent
view points about the stra tig ra phy of this re gion. Savu et al.
(1978) and Savu (1981) coined: (1) the basalmost “pro duc tive
for ma tion”, di vided into two so-called “sub-for ma tions”: a “pro -
duc tive” one (Pontian), over lain by the “marls with
Limnocardium” (Up per Pontian); (2) the “for ma tion of marls with 
ostracods” (Plio cene = Dacian–Ro ma nian); (3) the Biborïeni
For ma tion (Lower Pleis to cene); (4) “the sedimented vol ca nic
rocks” (Pleis to cene).
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Kusko (1983) re ported only three “ho ri zons”, with older geo -
log i cal ages: (1) “pro duc tive” (Up per Meotian–Lower Pontian);
(2) “with marls” (Up per Pontian–Lower Dacian); (3) “sandy”
(Up per Dacian).

An other stra tig ra phy of the Cãpeni-Baraolt sub-ba sin com -
prises four “ho ri zons” (Petrescu et al., 1987): (1) “pro duc tive”
(bear ing the coal seams I–III, Pontian); (2) “marls with
Limnocardium” (bear ing the coal seams IV–V; Up per Pontian);
(3) “marls with ostracods” (Dacian–Ro ma nian); (4) Biborïeni
For ma tion (Lower Pleis to cene), and (5) “vol ca nic rocks re -
worked in sed i ments” (Pleis to cene).

It is worth to no tice that Marinescu et al. (1998) pre sented a
cor re la tion chart for this area with two for ma tions only:
Vlãhiïa-Chirui (Pannonian s.s.–Pleis to cene) and the partly co -
eval Baraolt For ma tion (Pontian–Pleis to cene).

László (1999) out lined two for ma tions in the basal sec tion of 
the sed i men tary suc ces sion. The low er most one is the
Vlãhiïa-Chirui For ma tion (in clud ing the sed i men tary rocks ly ing
un der the coal seam III from the Bârsei-Baraolt sub-ba sin), cov -
ered by the marls of the Cormoº For ma tion. Based on fos sil
mam mals, “the lower part of the sed i men tary de pos its in the
Baraolt Ba sin” (i.e. Vlãhiïa-Chirui For ma tion) would be Up per
Dacian in László (2005: 31), be ing in agree ment with
magnetobiostratigraphic data doc u ment ing rocks aged be -
tween 4.0–3.6 Ma (Andreescu et al., 1987).

The Baraolt sub-ba sin is also fa mous for coal min ing that
started around the mid-19th cen tury (Papp, 1915). The ini tial
op er a tions in 1839 were con ducted on a small scale. The first
un der ground mine (called “Samu”, near Cãpeni) started to ex -
tract coal in 1872. De tailed geo log i cal sur vey be gan in 1920,
with sev eral bore holes at Cãpeni, Vârghiº and Baraolt. These
un der ground mines and open pits, once nu mer ous, cur rently
are at loose end. The last un der ground mine has been closed
since over de cades ago, and the last open pit at Racoºu de Sus 
was re cently closed in 2015. It was lo cated on the south west ern 
side of the sub-ba sin.

In the South Racoº coal open pit, the basal por tion of the
“pro duc tive ho ri zon” (Savu, 1981) could be fairly ob served a
few years ago. It over lies the Cre ta ceous bed rock, end ing sev -
eral tens of metres above the lig nite seam III in this area. In its
basal part, there is a blu ish-green ish clay em bed ding frag ments 
of Cre ta ceous rocks, in a brec cia-like struc ture. In the same

level, one can also no tice the pres ence of vol ca nic rocks (sand,
andesitic frag ments, lapilli) mark ing vol ca nic ac tiv ity in the
South ern Harghita Moun tains. It is fol lowed by dark grey ish
clay-sandy rocks with interbeddings rich in snails (He lix) and
painter’s mus sels (Unio), de pos ited in flu vial-lac us trine fresh -
wa ter en vi ron ments in a close neigh bour hood of emerged land.
The “pro duc tive ho ri zon” shows large thick ness vari a tions
(10 m at the ba sin mar gins, and 150 m in mid-ba sin ar eas) and
bears the coal seams I (6–7 m), II (0–0.7m) and III (5–8 m).

The over ly ing de pos its are the “marls with Limnocardium
ho ri zon” (Savu, 1981). They form a 10–100 m thick unit over ly -
ing the coal seam III, in clud ing tuff marl and clay, rich in re -
worked vol ca nic ma te rial. Just above the coal seam III, the marl 
con tains a white-col oured lumachelle. This “ho ri zon” is the last
one ex posed at South Racoº, over lain by a layer of Ho lo cene
grav els (a skull of Bos primigenius was un earthed in these
rocks by one of us, L.T.) bear ing nu mer ous fos sil tree trunks.

Var i ous grav i ta tional faults can be no ticed. The ma jor trend
of the faults is N–S, con trol ling a plunge of de pos its on dis tinct
steps to wards the ba sin axis. Other faults are per pen dic u lar,
but there are also few oth ers cross ing obliquely the pre vi ous
ones.

The fish bones, de scribed and il lus trated here af ter, were
found in the “marls with Limnocardium”. The dom i nant rock of
this unit is marl, ac com pa nied with some con glom er ates and
microconglomerates, and even thin coal (lig nite) seams (never
of min ing in ter est). The fish fos sils oc cur be tween the coal
seams III and IV.

MATERIAL AND METHODS

The herein de scribed fos sils are hosted in the col lec tions of
the Babeº-Bolyai Uni ver sity Pa le on tol ogy-Stra tig ra phy Mu -
seum (ab bre vi ated BBUPSM) in Cluj-Napoca, Ro ma nia.

The pike bones and teeth were em bed ded in light grey marl. 
The ma trix rock was com pletely re moved from the right den ta ry
with pro fes sional me chan i cal gear (Airscribe W224 and W830), 
af ter re in forced by a spe cial poly mer. The left den ta ry was ex -
tracted par tially with its ven tral part fixed in the ma trix rock.

The ma te rial was com pared with re cent bones of the Esox
lucius “group” orig i nat ing from five in di vid u als of dif fer ent sizes,
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Fig. 1. Location and geology of the Baraolt sub-basin and South Racoº coal open-pit 
with Pliocene vertebrates



hosted in the Col lec tion of the Nat u ral His tory Mu seum Sibiu
(ab bre vi ated NHSM). For our view point on the Esox lucius
“group”, see fur ther dis cus sions.

The mea sure ments of the fos sil bones and teeth were done
on dig i tal im ages, us ing a stan dard scale ref er ence, and with
the Unior cal li per (model 271, mea sure ment er ror of 0.02 mm).
The im ages were taken with a Nikon cam era Coolpix P520 with
4.3–180 mm lens, and a Nikon D700 with 105 mm lens, fixed on 
a pro fes sional tri pod. The re cent ref er ence ma te rial of Esox
lucius was mea sured us ing the same cal li per.

SYSTEMATIC PALAEONTOLOGY

Class: Actinopterygii Cope, 1887
Or der: Esociformes Nel son, 1994

Fam ily: Esocidae Cuvier, 1817
Ge nus: Esox Linnaeus, 1758

Esox sp.

M a t e r i a l. –  One iso lated tooth in the rock ma trix
(Fig. 2A) and two den ta ries’: right (Figs. 2B and 3) and left
(Fig. 4), most likely from the same in di vid ual, col lec tion
BBUPSM 531 a and b.

D e s c r i p t i o n. – The right den ta ry is al most com plete.
The to tal length of the pre served bone is 144 mm. The ven tral
pro cess of the bone is bro ken, some where close to the mid dle
part, while the coronoid pro cess lacks only the dis tal end. The
den ta ry is very wide at the symphysis, where it reaches 7.35 mm
in length. The symphysis is also very tall, reach ing 11.9 mm in
ven tral/dor sal mea sure ment. It nar rows down im me di ately in the
pos te rior di rec tion (to a min i mum of 2.89 mm), then it wid ens
again in the mid dle por tion of the den ta ry (to a max i mum of
10.24 mm) nar row ing once again to wards the coronoid pro cess.
Only one row of teeth is pres ent along the en tire den ta ry and it
ex tends to wards the end of the coronoid pro cess. In the di rec tion
of the symphysis the teeth pres ent char ac ter is tic bases of
depressible teeth type. The di am e ter of the tooth bases in -
creases from the symphysis to wards the coronoid pro cess.
Three teeth of fixed type (an ky losed; Fink, 1981) are pre served
to wards the me dian part of the den ta ry. The larg est tooth is sit u -
ated to wards the rear of the den ta ry, but al most equally big teeth
al ve oli are pres ent in the mid dle part of the row. The teeth are

strong, slightly curved lin gually and ex pose vis i ble ir reg u lar
striations on the sur face. A sin gle one pre serves the en tire length 
of the crown (of 11.6 mm). In dor sal view, the teeth ex pose oval
out lines, with the lon gest axis in antero-pos te rior di rec tion. No
ob vi ous cut ting edges are pres ent.

Un for tu nately, the open ings of the man dib u lar ca nal (mc in
Nel son, 1972) are not vis i ble, prob a bly due to the poor pres er -
va tion. In the an te rior third part of the den ta ry, at 20 mm from
the symphysis, the elon gated open ing (4.1 mm) of the
trigeminal nerve can be ob served (tn in Fig. 3D). Nu mer ous lon -
gi tu di nal and transversal cracks are cross ing the bone.

The left den ta ry is par tially en cased in the orig i nal rock ma -
trix, but most of it can be ob served. The shape and size are very 
sim i lar to those of the right den ta ry. The width of the symphysis
reaches 7.42 mm. Only one tooth of fixed type is pre served in
place in the mid dle-pos te rior part of the sin gle row of teeth. The
crown height of the tooth is 10.6 mm. On the re main ing ma trix,
im me di ately next to the den ta ry, a small, loose, 4.6 mm long
tooth can be found.

The or der Esociformes ra di ated be fore the North Amer ica
and Eur asia con ti nents be came split (Wil son et al., 1992). In the 
fos sil re cord, the ge nus Esox has ap peared since the
Paleocene (Esox tiemani Wil son, 1984), but the or i gin of the
Esociformes or der can be traced even back to the Cre ta ceous,
in the gen era Estesesox and Oldmanesox (Wil son et al., 1992;
Newbrey et al., 2008: 333). In the Eocene, Esox be came more
wide spread, so it can be found in North Amer ica (Esox kronneri
Grande, 1999; Lower Eocene) and in China (Esox
longkouensis Chang and Zhou, 2002; Paleocene/Lower
Eocene). In the Oligocene, and later on in the Mio cene and Plio -
cene, Esox is rep re sented by a larger num ber of spe cies, but it
re mains re stricted as be fore only in the North ern Hemi sphere
(Kovalchuk et al., 2017). This pref er ence for the north ern ar eas
is re lated to the pos i tive cor re la tion of low tem per a tures and
high lat i tudes with the lon gev ity of this fish (Newbrey et al.,
2008).

In Eu rope, the Esox ge nus is rep re sented by Esox
primaevus Gaudant, 1978, from the Lower Oligocene of Vau -
cluse, France; Esox sp. from the Oligocene of Swit zer land
(Gaudant, 1979b) and by Esox papyraceus Troschel, 1854,
from the Up per Oligocene of Ger many. In the Mio cene, the ge -
nus is rep re sented by Esox lepidotus Agassiz, 1844, from the
Up per Mio cene of Ger many and by Esox sibiricus
Sytchevskaya, 1974, from the Up per Mio cene and Lower Plio -
cene of Ukraine (Kovalchuk et al., 2017). The Plio cene brought
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Fig. 2A – detail of the loose tooth in the matrix near the left dentary; B – detail of the right dentary symphysis
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Fig. 3. BBUPSM V 531 a – Esox sp., right dentary

A – inner view; B – dorsal view; C – outer view; D – ventral view;
tn – trigeminal nerve
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Fig. 4. BBUPSM V 531 b – Esox sp., left dentary

A – dorsal-lateral view; B – dorsal view; C – inner view



a few more lo cal i ties with Esox re mains in Eu rope, rep re sented
by Esox moldavicus Sytchevskaya, 1974, from south west ern
Ukraine, Esox sp. in the Re pub lic of Moldova (Sytchevskaya,
1976) and Esox cf. lucius in Lower Sax ony, Ger many (Gaudant, 
1997). The lat est ad di tion to the fos sil Eu ro pean pikes is Esox
nogaicus Kovalchuk, Wil son and Grande, 2017, from the Lower 
Pleis to cene of Ukraine (Kovalchuk et al., 2017).

In Ro ma nia, Esox moldavicus was re ported from the
Oligocene (Trelea et al., 1977; Ciobanu and Zaharia, 1986, also 
men tioned in a list by Constantin, 1999), but the ma te rial can not 
be found any more in col lec tions. It is un likely that this spe cies
was re ally pres ent in Oligocene ma rine for ma tions. How ever,
Esox sp. is clearly pres ent in the Lower Plio cene (Dacian stage,
in Andreescu et al., 2013) of Mãluºteni, on the east ern side of
the Dacian Ba sin, south ern Moldavia (Simionescu, 1930). It is
also pres ent in the Up per Plio cene (Ro ma nian stage) of Podari
lo cal ity, on the west ern side of the same ba sin (Trif et al., 2016),
and it also seems to oc cur in the Up per Plio cene (Ro ma nian
stage = “Levantine”) of Buzãu (Rado and Panã, 1969). Those
au thors do not de scribe the pike re mains, only men tion ing the
ge nus in text, but the draw ing (Rado and Panã, 1969: plate 2,
fig. 12) matches up with the gen eral shape of an Esox tooth.
Esox is also re ported from the Pleis to cene of the Dacian Ba sin
(Vasile et al., 2013, 2015).

DISCUSSIONS

Com pared with the re cent ma te rial of E. lucius, the ex am -
ined fos sil Esox sp. shows a few small dif fer ences. It has a less
high lighted cur va ture of the den ta ry to wards its symphysis. The
teeth of the re cent E. lucius are more com pressed in the
labio-lin gual di rec tion and pos sess a well-ex pressed cut ting
edge, not found on the fos sil ma te rial. The dif fer ence in
labio-lin gual tooth com pres sion could be in ter preted as an
allometric change as preys of dif fer ent sizes are ap proached by
such large-sized spec i men and the teeth need to be stron ger.
The den tal shelf is very sim i lar in width with the one of E. lucius,
tak ing into ac count the dif fer ence in size of the spec i mens. The
shape and size of the den ta ries and the lo ca tion of teeth types
(depressible and fixed) doubt less in di cate that these fos sils be -
long to the ge nus Esox (Sytchevskaya, 1976).

As men tioned above, the fos sils de scribed herein were
com pared with the re cent E. lucius skel e tons. How ever, we
have to un der line that for the re cent fish in Eu rope, the ge nus
Esox cur rently com prises more spe cies than pre vi ously
thought. Our pres ent view on Esox lucius is rather of a group of
un clear and de vel op ing tax on omy. On this ar gu ment, we have
not as signed our fos sils to a cer tain Esox spe cies. An other rea -
son to avoid as sign ment to the spe cies level is the very strong
sim i lar ity with the sis ter spe cies E. reichertii, to which E. lucius
over laps to day in most mea sure ments and meristic char ac ters
(Grande et al., 2004).

Based on DNA anal y sis it seems that the di ver gence of the
two Eu ro pean re lated spe cies be long ing to the ge nus Esox,
namely E. lucius and E. reichertii Dybowski 1869, took place
~4.6 Ma (Skog et al., 2014). This age would cor re spond to the
Dacian stage, thus to an age very close to that of our spec i men.
This di ver gence was al ready pre sumed and dated ~5 Ma by
Gruzdev and Vasiliev (1988), based on fos sils. They out lined
that the dif fer en ti a tion of E. lucius and E. reichertii based on cra -
nial osteology can be made only with a cer tain prob a bil ity and
us ing also bones oth ers than the den ta ry. This is an other rea -
son for which we avoid to as sign the herein stud ied den ta ry ma -
te rial to a spe cies. The close re la tion be tween these two spe -
cies is even clearer con sid er ing that ar ti fi cial hy brids are vi a ble

for at least two gen er a tions com pared with other spe cies hy -
brids that were not vi a ble or had a very low vi a bil ity (Crossman
and Meade, 1977). Af ter this di ver gence event, E. lucius was
con sid ered as a non-di ver gent spe cies and all Eu ro pean Esox
were con sid ered by de fault as E. lucius. As con se quence, the
fos sil ma te rial was com pared many times with the sin gle Eu ro -
pean spe cies alive to day, “son unique espÀce européenne
actuelle E. lucius L.” (Gaudant, 1979a: 3).

A num ber of works de scribe five spe cies within the re cent
Esox ge nus (Crossman, 1996; Grande, 1999; Nel son, 2006;
Kottelat and Freyhof, 2007). Re cently, two new Eu ro pean Esox
spe cies were added, namely Esox cisalpinus Bi anco and
Delmastro, 2011 and Esox aquitanicus Denys, Dettai, Persat,
Hautecoeur and Keith, 2014. The two spe cies are dis tin guished 
based on not only DNA se quences but also ex ter nal mor pho -
log i cal char ac ters and some skel e ton char ac ters. The new
stud ies also show that there are rea sons to be lieve that at least
two more spe cies will be de scribed (Denys et al., 2014). In fact,
one more spe cies was de scribed in 2011, namely Esox flaviae
(Lucentini et al., 2011), but a new anal y sis shows that at the ge -
nome level the dif fer ence be tween Esox flaviae and Esox
cisalpinus is not so clear (Gandolfi et al., 2015) and E. flaviae
should be con sid ered as a ju nior syn onym of E. cisalpinus
(Bertoli et al., 2016). An other study on phylogeography of E.
lucius and E. reichertii also points to wards the ex is tence of
more lin eages of pikes in Eu rope than pre vi ously known (Skog
et al., 2014).

In the new de scribed spe cies, the mor pho log i cal char ac -
ters, of in ter est also for the palaeontologists, are the num ber of
ver te brae and a few meristic char ac ters. How ever, the de scrip -
tions of the new spe cies do not in clude any re marks re gard ing
teeth, den ta ry, pal a tine or vomer bones, that are more of ten
found in fos sils.

Tak ing into ac count the dis cov ery of the new spe cies, we
con sider that den ta ry bones can not be as signed to a cer tain
spe cies, but can be re ferred to the ge nus Esox, at least un til a
high-res o lu tion study of com par a tive mor phol ogy is made on
skel e tons of all re cent spe cies of the Esox ge nus. The same
rec om men da tion was also done in the past (Grande, 1999) for
a better un der stand ing of the phy log eny of the or der, but the
prog ress was lit tle or none.

High di ver sity within the Esox ge nus as a re sult of the re cent 
tax o nomic “split ting” of E. lucius makes us con sider that the
older mor pho log i cal com par i sons of the re cent and fos sil re -
mains are lack ing ac cu racy. The as ser tion of Nilsson et al.
(2008: 137) that “The pike (Esox lucius L.) is an ex cep tion ally
well-stud ied spe cies of fish” is in valid, at least from the tax o -
nom i cal point of view.

This re vi sion has to be ap proached tak ing into ac count that
Esox is to day re garded in any case as a spe cies with high
phenotypic vari a tion and plas tic ity (Nillson et al., 2008). Also, it
needs to be clar i fied the tax o nomic sta tus of the so-called “mu -
tant” pikes (Lawler, 1960, 1966) and hy brids that were of ten de -
scribed (Crossman and Buss, 1965) or cre ated and re leased,
vi a ble, in the wild (Crossman and Meade, 1977).

Re cent Esox rep re sen ta tives have a wide spread cir cum po -
lar oc cur rence in most of the fish com mu ni ties from sub trop i cal
to arc tic wa ters (Casselman, 1996). The lat i tu di nal dis tri bu tion
of pikes is cor re lated with the mean an nual tem per a ture, not
only for the re cent pikes but also for the Ce no zoic spe cies
(Newbrey et al., 2008). Esox can be found in a wide va ri ety of
hab i tats pre fer ring well-veg e tated wa ter bod ies or flooded veg -
e ta tion (Raat, 1988; Bry, 1996; Kottelat and Freyhof, 2007;
Timm and Pierce, 2015). An ex cep tion seems to be E. reichertii
that pre fers cen tral parts of mod er ately flow ing rivers and lakes, 
with rocky bot toms (Crossman and Meade, 1977).
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The Plio cene South Racoº re gional ge ol ogy is very spe cific. 
Since long time ago, with the first stud ies of Jekelius (1924,
1932) un til Lubenescu (2005), it has been pointed to an ap par -
ent par a dox re corded in the “marls with Limnocardium”. It re fers 
to the co-ex is tence of fresh (Dreissena, Ra dix, Valvata,
Hydrobia) and brack ish wa ter molluscs (limnocardiids, con sid -
ered as en demic Up per Mio cene sur vi vors, i.e. Pontian relicts;
Lubenescu, 2005). Soon af ter the for ma tion of the lake, ei ther
lo cal or more wide spread swampy ten den cies oc curred. The
pres ence of coal seams I–V can be plau si bly ex plained by the
oc cur rence of such en vi ron ments. At least in the first lake
stages, “anoxic low-sul phide sed i ments” ac cu mu lated
(Marincea et al., 1997). When the Plio cene lake be came
deeper (i.e. “arls with Limnocardium”), this lake could pre sum -
ably de velop strat i fied wa ters with higher sa lin ity in its deeper
ar eas, pos si bly due to the nearby vol ca nic in flu ences. Al though
such dif fer ence in sa lin ity was rather low, the brack ish molluscs
could find there a con ve nient en vi ron ment. In fact, the
limnocardiid molluscs are sa lin ity tol er ant; the re cent ones of
Ro ma nia be ing pres ent in both brack ish and fresh wa ter en vi -
ron ments (Grosu, 1993). The pike also had the same sa lin ity
tol er ance, as to day is re ported in sim i lar en vi ron ments, even in
the Bal tic Sea (Raat, 1988; Mann, 1996).

The pike re mains were re cov ered from rocks doc u ment ing
a nearshore area with fre quent wa ter-level changes. The
emersion ep i sodes are doc u mented by des ic ca tion mud
cracks. The fish car cass was bur ied in mud just near the shore;
the mast odon pel vic bones acted as a trap for the fish re mains.

It is pos si ble to make some es ti ma tion re gard ing the re con -
structed length and weight of this Plio cene fish. We used two re -
gres sion for mu las for the size re con struc tion (Èech et al., 2008;  
Oppliger, 2013) based on the den ta ry mea sure ments (Fig. 4) –

for mu las that were de vised for E. lucius. While Èech et al.
(2008) uses a symphysis to the coronoid pro cess mea sure ment 
(Fig. 5A), Opplinger (2013) uses a dorso-ven tral mea sure ment
of the prox i mal part of the den ta ry, cor re spond ing with the mea -
sure ment No. 4 of the Mo rales and Rosenlund (1979: 22) guide
(Fig. 5B). For con trol, we ver i fied our re sults on five den ta ries of
E. lucius orig i nat ing from fish of known length, in the NHSM col -
lec tion.

The con trol cal cu la tions re vealed a me dium er ror of the re -
con structed length <9% for Oppliger (2013) for mula and <4%
for Èech et al. (2008) for mula. We ap pre ci ate that the re con -
structed length of our spec i men ex ceeded clearly 1000 mm
(Ta ble 1).

CONCLUSIONS

The first Lower Plio cene pike ever re ported from
Transylvania was un earthed in the South Racoº coal open pit,
in the Braºov Ba sin (Baraolt sub-ba sin). The be gin ning of vol -
ca nism in the Harghita Moun tains oc curred around the Mio -
cene/Plio cene bound ary (Lexa et al., 2010; Panaiotu et al.,
2012). There fore, the first lac us trine en vi ron ments took place in
a re gion with in put of large amounts of volcanoclastic rocks
(László, 2005). At the first stage of the lake de vel op ment, poorly 
ox y gen ated wa ter dom i nated (Marincea et al., 1997), fol lowed
pre sum ably by strat i fied wa ters with some what higher sa lin ity in
deeper ar eas, prob a bly due to vol ca nic in puts, over lain by fresh
wa ter. In this lake, spe cific molluscs con sid ered as Mio cene
sur vi vors, as well as fish like the pike de scribed herein, found
con ve nient en vi ron ments in the Early Plio cene. The pike found
there enough prey, reach ing a large size.
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RDL REL* RDSH REL** TLC O

Esox lucius 1 59.12 451.80 4.54 505.90 462.00 Dan ube, Ro ma nia

Esox lucius 2 62.30 474.00 4.88 543.20 446.00 Dan ube, Ro ma nia

Esox lucius 3 77.51 580.20 5.65 627.80 630.00 Dumbrava Lake, Sibiu, Ro ma nia 

Esox lucius 4 58.73 449.10 3.92 437.80 455.00 Dan ube, Ro ma nia

Esox lucius 5 56.79 435.50 4.26 475.10 435.00 Dan ube, Ro ma nia

Fos sil Esox sp. 144.00 1044.30 11.90 1313.90 – Plio cene, Racoº

RDL – right den ta ry length mea sure ment; REL* – body length re con structed us ing Èech et al. (2008) for mula; 
RDSH – right den ta ry symphysial height; REL** – length re con structed us ing Oppliger et al. (2013) for mula;
TLC – to tal length of the fish (ac tual mea sure ment, for con trol); O – or i gin of the fish

T a  b l e  1

Mea sure ments [mm] of the fos sil pike from South Racoº, com pared with ac tual spec i mens

Fig. 5A – measurement of the dentary for calculation of the regression formula according to Èech et al. (2008); 
B – measurement of the dentary symphysis height for the calculation of Oppliger (2013) regression formula, 

following measure No. 4 in Morales and Rosenlund’s (1979) guide



The Plio cene fish re mains are ex tremely scarcely doc u -
mented in Ro ma nia, how ever, in Transylvania, they are even
rarer, as long as the Plio cene ex po sures are not nu mer ous in
this re gion.
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