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Trace fossils on penguin bones from the Miocene of

Chubut, southern Argentina

ALBERTO LUIS CIONE, CAROLINA ACOSTA HOSPITALECHE,
LEANDRO MARTÍN PÉREZ, JOSE HERMINIO LAZA AND INÉS CÉSAR

CIONE, A.L., HOSPITALECHE, C.A., PÉREZ, L.M., LAZA, J.H. & CÉSAR, I., December, 2010. Trace fossils on penguin
bones from the Miocene of Chubut, southern Argentina. Alcheringa 34, 433–454. ISSN 0311-5518.

Several traces of biological interaction were found on penguin bones from the basal levels (Aquitanian) of the
Miocene Gaiman Formation in the lower Chubut valley of the Provincia del Chubut, Argentina. The fossil-bearing
beds were deposited in littoral to sublittoral environments within sediments of mostly pyroclastic origin. We interpret
many traces to have been produced by predators and/or scavengers while the penguins were still in a breeding area.
Many bones show cracking marks due to aerial exposure. The material is disarticulated as is usual in recent breeding
areas. Potential predators were coeval terrestrial mammals, most probably marsupial carnivores. After a marine
transgression, these bones were buried or exposed on the sea bottom where they could be colonized by algae,
sponges, cnidarians, and other benthic organisms. We identified sponge borings in several bones. Other traces are
interpreted to have been produced by echinoderms feeding on sponges or algae. No evidence of other invertebrate
predators such as muricid or naticid gastropods, or decapods was found. Finally, other traces appear to have been
generated by shark and possibly teleostean vertebrates feeding on epibionts. One coracoid is interpreted to have been
marked by a shark that is common in the Gaiman Formation, the carcharhiniform Galeocerdo aduncus. From an
ethological (Seilacherian) classification, traces on bones from the Gaiman Formation include Domichnia (sponge
perforations), Praedichnia (terrestrial marsupials, sharks, teleosteans) and Pasichnia (echinoderms). Remarkably,
remains of marine organisms with skeletons made of calcium carbonate are very poorly preserved in the Gaiman
Formation. Only large oysters, sparse shell fragments, skeletal moulds, and bioturbation is evident. The fossil
assemblage is mainly composed of phosphatic (e.g. teeth, bones, crustacean parts) and siliceous (sponge spicules,
diatoms) remains.

Alberto Luis Cione [acione@museo.fcnym.unlp.edu.ar], Carolina Acosta Hospitaleche [acostacaro@fcnym.unlp.
edu.ar], División Paleontologı́a de Vertebrados, Museo de La Plata, Paseo del Bosque, La Plata B1900FWA,
Argentina; Leandro Martı́n Pérez [pilosaperez@gmail.com], División Paleozoologı́a Invertebrados, Museo de La
Plata, Paseo del Bosque, La Plata B1900FWA, Argentina; Jose Herminio Laza, former member of the División
Paleontologı́a de Vertebrados, Museo de La Plata, Paseo del Bosque, La Plata B1900FWA, Argentina; Inés César,
member of the CIC, División Zoologı́a de Invertebrados, Museo de La Plata, Paseo del Bosque, La Plata B1900FWA,
Argentina. Received 19.5.2009; revised 11.9.2009; accepted 25.9.2009.
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ALTHOUGHmarks left by feeding activities
of invertebrates, especiallymolluscs, havebeen
reported frequently from Cenozoic marine
sediments (e.g. Buatois et al. 2003, Carmona
et al. 2008), there have been relatively few
studies of traces on vertebrate bones (e.g.
Frenguelli 1928, Deméré & Cerutti 1982,
Cigala Fulgosi 1990, Noriega et al. 2007).

The Leonian beds of the lower Miocene
Gaiman Formation, (northeastern Chubut
Province; Fig. 1) have yielded numerous
penguin bones (Simpson 1972, Acosta
Hospitaleche 2004). Notwithstanding that
most bones are isolated and fragmentary,
several species were identified in the samples
(Acosta Hospitaleche 2004): Eretiscus tonni
(Simpson, 1981), Palaoespheniscus bergi
Moreno & Mercerat, 1891, P. patagonicus
Moreno & Mercerat, 1891, and P. biloculata
(Simpson, 1970). Many of these penguin
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bones show polygenic traces. We describe
these traces here and propose hypotheses
about their genesis. A main goal was to
establish if traces were antemortem, peri-
mortem or postmortem (Turner & Turner
1999).

Stratigraphic setting
The Gaiman Formation crops out in north-
eastern Provincia del Chubut, Argentina. It
was named by Mendı́a & Bayarsky (1981)
but it has been recognized as a discrete
interval since the 19th century. The unit is
flat-lying and about 50 m thick at Bryn
Gwyn (Simpson 1935, Mendı́a & Bayarsky
1981; Fig. 1). It is composed of a coarsen-
ing-upward succession of mudstones, fine
tuffs, tuffs, tuffaceous sandstones, and
coquinas (Scasso & Castro 1999). Scasso &
Castro (1999) divided the formation into
two parts. The lower part is 20 m thick and
composed of fine, white, tuffaceous, biotur-
bated mudstones with sparse thin levels of
oysters. The unit begins with a transgressive
conglomerate or phosphatic coquina 20 to
80 cm thick with shell hash and swaley or
hummocky stratification that grades into a
tuff with selachian teeth and vertebrae, and

osteichthyan, bird, and mammal bones (T2,
see below; Cione 1978, 1986, 1988, Cione &
Pandolfi 1984, Cione & Cozzuol 1990,
Arratia & Cione 1996, Scasso & Castro
1999). The upper part of the Gaiman
Formation is 30 m thick, whitish to light
grey and slightly darker than the lower part.
Thick beds of tuffaceous sandstones with
ripples, and hummocky or parallel stratifi-
cation are interbedded with the mudstones.
Large Ophiomorpha Lundgreen, 1891 bur-
rows are present. Some thin coquinas and a
20–40 cm thick phosphatic conglomerate
are intercalated; the latter includes bones
and teeth (T2; see below; Scasso & Castro
1999).

Scasso & Castro (1999) recognized two
types of phosphatic levels: ‘‘Type 1’’ and
‘‘Type 2.’’ The second variety is related to
reworking, winnowing and mechanical con-
centration of resistant particles (T2; Fig. 2).
It represents reworked beds associated with
transgressive surfaces; vertebrate teeth and
bones are preserved in these layers.

The Gaiman Formation overlies the
continental Trelew Member of the Sarmien-
to Formation (which includes a terrestrial
Colhuehuapian fauna, late Oligocene–early
Miocene; Simpson 1935, Cione 1988) and
underlies the marine Puerto Madryn For-
mation (middle–late Miocene; Mendı́a &
Bayarsky 1981, Cione 1986; Fig. 3).

Ameghino (1900–1903, 1906) developed
the basic stratigraphic scheme for both
marine and continental sequences of the
Cenozoic of southern South America with
the intent to correlate both sequences. Other
authors refined both the terrestrial and
marine chronostratigraphic standards (see
Pascual et al. 1965, Bertels 1975, 1980,
Marshall et al. 1983, Malumián 1999). The
upper Eocene to lower Miocene marine
rocks of eastern Patagonia were referred to
the Julian and Leonian stages (see Ameghi-
no 1906, Bertels 1970). The Gaiman For-
mation is correlated with the upper Leonian
Stage (Ameghino 1900–1903, Bertels 1970,

Fig. 1. Map of the Trelew-Gaiman area showing the
Bryn Gwyn fossil locality (arrowed).
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Cione 1988). Camacho (1974) introduced a
partially different stratigraphic scheme for
the marine Cenozoic of Patagonia, based on
selected index fossils and lithology. Cama-
cho removed from the Julian and Leonian
stages rocks he named ‘‘Estratos con
Neoinoceramus’’ and ‘‘Estratos con Mono-
phoraster y Venericor’’ and stated they are
of Eocene age (Camacho 1974; see also
Legarreta et al. 1990). He referred the base
of the Gaiman Formation to the ‘‘Estratos
con Monophoraster y Venericor’’. However,
the ‘‘Estratos con Neoinoceramus’’ and
‘‘Estratos con Monophoraster y Venericor’’
are correlated with the Leonian Stage
(Cione & Expósito 1980, Cione 1986 1988,
Cione & Cozzuol 1990).

Correlation of the type Monte León
Formation and Gaiman Formation is based
on stratigraphic relationships, ash and
biogenetic silica content, and fossil evidence
(Cione 1978, 1986, 1988, Cione & Expósito
1980). The Gaiman Formation unconform-
ably overlies the continental Trelew Mem-
ber of the Sarmiento Formation, which
includes a Colhuehuapian fauna (Cione
1988) and underlies the marine middle–
upper Miocene Puerto Madryn Formation
(Simpson 1935, Mendı́a & Bayarsky 1981,
Cione 1986). No radioisotopic dates from
rocks with Colhuehuapian fauna are avail-
able (Flynn & Swisher 1995). The Deseadan
Stage precedes the Colhuehuapian Stage.
The Deseadan is currently known to span
the interval 24.5–29 Ma (late Oligocene;
Flynn & Swisher 1995). 40K-40Ar dates of
15.8+ 2.5 Ma and 16.6+ 0.8 Ma have been
reported from beds at the base of the
Gaiman Formation at Bryn Gwyn (Bown &
Larriestra 1990). These dates are close to
the Burdigalian and Langhian boundary).
However, vertebrate evidence suggests that
at least the base of the unit is Aquitanian.

During late Paleogene and early Neo-
gene times, southern South America east of
the Andes had relatively stable tectonic
conditions and the dominant accumulations

Fig. 2. Geological section of the Gaiman Formation at
Bryn Gwyn (modified from Scasso & Castro 1999).
Fossil layer arrowed.
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are fine grained (Uliana & Biddle 1988).
Marine flooding appears to have peaked
when the Gaiman, Pinturas, and part of
Monte León, Chenque and Centinela for-
mations were deposited. These formations
could correlate with the sequence set of
early Aquitanian age (TB1-1.4) or with the
sequence of the late Aquitanian and Burdi-
galian (TB2-2.1) of Haq et al. (1987).
According to Ogg et al. (2008) the Aquita-
nian begins at 23.03 Ma.

Material
The material (578 bones including: humeri
(156), coracoids (78), ulnae (30), tibiotarsi
(59), femori (40), carpometacarpi (23),
vertebrae (55), tarsometatarsi (33), radii
(48), sternae (7), sinsacri (14), scapulae (3),
phalangi (26), rostrae (5), skull (1) comes
from the marine Gaiman Formation
(Mendı́a & Bayarsky 1981), which is ex-
posed in the southern cliffs of the lower Rı́o

Chubut valley, eastern Provincia del Chu-
but, Argentina. Most were found at the
locality Bryn Gwyn (Loma Blanca in the
maps). Bryn Gwyn is located 4 km south of
the city of Gaiman (438150S, 658300W; Figs
1, 2; Cione 1986, 1988). Some other material
comes from the nearby locality of informal
name ‘‘Campo de Pristiophorus’’ (438190S,
658170W; see Cione 1988). Most of the
bones derive from the conglomerate located
at the base of the Gaiman Formation (lower
‘‘Type 2’’ phosphatic level T2 of Scasso &
Castro 1999; Fig. 2). A few bones come
from the upper ‘‘Type 2’’ phosphatic level
T2 of Scasso & Castro (1999; Fig. 2),
located in the middle of the upper section
of the Gaiman Formation in this area.

The material was collected during sev-
eral field campaigns, two of which were led
by ALC at Bryn Gwyn during 1977 and
1983. The material is curated in the División
Paleontologı́a de Vertebrados, Museo de La
Plata, La Plata, Argentina; 128 bones show

Fig. 3. Main stratigraphic units, age and stratigraphic relationships in the lower rı́o Chubut valley and Valdés
Peninsula (Chubut). Correlation with sea level variation taken from Haq et al. (1987). Modified from Scasso &
Castro (1999). Names in the stratigraphic sequence correspond to informal and formal units in use in the area.
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predation and/or scavenging marks. Pen-
guin bones were found disarticulated but
relatively well preserved, as were most of the
other vertebrate fossils (the rare cetacean
and teleostean bones and the abundant
neoselachian teeth and vertebrae).

Methods
We recognized a range of subaerial tapho-
nomic proceses following Mikuláš (2001)
and Behrensmeyer (1978). We use the
terminology of Binford (1981; see also
Lyman 1994) for categorization of preda-
tion traces on our material. In some cases
we propose a species or group as the agent
that produced the trace. In others, when we
lack this precision, we use ichnological
nomenclature.

Terrestrial traces

Metatheria (Fig. 4)

Several traces are presumed to represent
bite marks of terrestrial mammals such as
didelphid or hathliacyniid sparassodont
marsupials, common in Patagonia during
the Miocene (Colhuehuapian, Pinturan,
Santacrucian South American continental
ages; Paula Couto 1979, Goin et al. 2007).
All appear to have been formed before
subaerial desiccation cracks developed.
Most traces are relatively feeble, differing
from others such as those described by Kear
& Godthelp (2008). We did not find
generalized scooping or scoring (see Binford
1981, Lyman 1994, Martin 2006).

Isolated pits (Fig. 4D)

Material. MLP 20-391 (coracoid), MLP 20-253
(radius, Fig. 4D), MLP 20-428 (complete femur),
MLP 20-394 (carpometacarpus), MLP 71-VII-14-2
(coracoid distal end), MLP 20-390 (coracoid distal
end), MLP 20-358 (coracoid distal end), MLP 20-486
(humerus), MLP 20-333 (proximal tibiotarsus).

Description. Isolated rounded holes with a
rounded or pointed bottom. The compact
bone collapsed without fracturing (e.g.
MLP 20-394).

Interpretation. These marks are similar to
those produced by pointed teeth (canines)
or cusps (of molariforms) of mammals.

Aligned pits (Fig. 4B)

Material. MLP 20-477 (humerus).

Description. Three series of aligned and
clearly defined pits about 8 mm long. The
pits are rounded and about 0.3 mm in
diameter. Two series occur on the middle
part of the anterior side of the diaphysis and
one on the posterior side.

Interpretation. Early Miocene hathliacynid
(Sparassodonta) marsupials agree in size and
toothmorphologyandarrangementwith these
marks. Moreover, disposition of the three
series suggest that they could correspond to a
single bite. If we consider that it is the length of
the dental series, the marsupial was medium-
sized. A less likely hypothesis is that these
marks were made by moderate- to large-sized
didelphid didelphimorphians. However, by
early Miocene times known didelphids were
very small, as suggested by a recent review
(Goin et al. 2007). In contrast, hathliacyniid
and borhyaenid sparassodonts were extremely
abundant.

Shallow wide furrows (Fig. 4C)

Material. MLP 20-390 (distal end of left coracoid),
MLP 20-433 (proximal part of femur), MLP 20-391
(complete right coracoid, Fig. 4C), 77-VII-14-13
(proximal half of humerus).

Description. Shallow wide and narrow
transverse marks and a few pits on the
anterior and posterior faces. In MLP 20-
390, they are fewer and wider. In MLP
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20-391 there are many marks, some parallel.
Furrows occur in three main directions, all
transverse: 908, 458 proximally, and 458
distally. The second of these are few and
short. There are some pits on the anterior
face in both bones.

Interpretation. We interpret that a mammal
bit the bone with its incisors and scratched it

to the right side to generate the four
furrows. The other damage appears to
correspond to diverse biting and gnawing
actions by the same predator.

Fig. 4. Marks attributed to metatherians. A, MLP 20-482 (humerus proximal end); B, MLP 20-477 (humerus); C,
MLP 20-391 (complete right coracoid); D, MLP 20-253 (radius). Scale bar¼ 50 mm.

Deep furrows (Fig. 4A, B)

Material. MLP 20-477 (humerus, Fig. 4B). MLP 20-
482 (humerus proximal end, Fig. 4A).
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Description. Many short and relatively deep
furrows occur across the diaphysis. Most
are less than 5–8 mm long.

Interpretation. We interpret these trace
fossils to have been generated by the same
mammal that made the pits and gnawed the
humerus head.

Scoring (Fig. 4B, C)

Material. MLP 20-477 (humerus, Fig. 4B). MLP 20-
391 (coracoid, Fig. 4C).

Description. The head of a humerus has
been gnawed inwards as to eliminate the
periosteal bone.

Interpretation. Recent placental carnivores
generate this kind of damage in bone
termini.

Marine traces

Ichnogenus Entobia Bronn, 1837 (Fig. 5A)

Material. MLP 20-372 (fragmentary coracoid), MLP
71-VII-14-1 (tibiotarsus), MLP 20-486 (humerus),
MLP 20-491 (humerus), MLP 20-50 (complete hu-
merus), MLP 20-510 (distal end of humerus), MLP 20-
394, MLP 20-486 (humerus).

Description. Subcircular isolated holes on
the bone surface with a diameter of about
0.5 mm and without any kind of ornamen-
tation. Holes continue as canals inside the
bone. These traces were found alone or
combined with Gnatichnus pentax (e.g. MLP
20-486, Fig. 5A).

Interpretation. Drillholes assigned to Ento-
bia are putatively excavated by clionid
sponges (see Bromley & Tendal 1973,
Taylor & Wilson 2003). Sponges excavate
galleries for habitation. The feeding activ-
ities of echinoderms may widen the original

borings leaving abundant marginal
scratches (see Bromley 1975).

Ichnogenus Gnathichnus Bromley, 1975
(Fig. 5B)

Type ichnospecies. Gnathichnus pentax
Bromley, 1975

Gnathichnus pentax Bromley, 1975 (Fig. 5B)

Material. MLP 71-VII-14-1 (tibiotarsus), MLP 77-
XII-22-8 (humerus broken into two pieces), MLP 20-295
(cubit), MLP 20-391 (coracoid), MLP 20-433 (femur),
MLP 20-486 (humerus), MLP 20-325 (fragmentary
tibiotarsus), MLP 20-510 (humerus distal end), 77-XII-
22-11 (humerus distal end), 71-VII-14-2 (coracoid distal
end), MLP 20-538 (humerus proximal end), MLP 20-382
(coracoid distal end), MLP 20-491 (humerus).

Description. Traces of this species are very
abundant on some bones (e.g. MLP 20-295,
MLP 20-486). We distinguish four kinds of
Gnatichnus marks on our material (fide
Bromley 1975, Breton et al. 1992) varying
in morphology on the basis of position.

Type 1. On flat surfaces, a complex
arrangement of grooves (MLP 20-486, Fig.
5B).

Type 2. In abrupt convex surfaces, such as
bone edges (MLP 20-486, Fig. 5B), grooves
densely packed and more or less parallel.

Type 3. Severe erosion around sponge
borings consisting of deep radiating grooves
that greatly enlarge the original hole (MLP
20-486, Fig. 5B).

Type 4. On a flat surface, a rounded
depression of about 5 mm surrounded by
marginal grooves. Some of the marks cross
the depression.

Interpretation. This species is attributed to
dental erosion by regular echinoids (Taylor
& Wilson 2003). Echinoids severely erode
hard substrates (e.g. mollusc valves, con-
solidated sediment or bones; e.g. Buitrón-
Sánchez & Pantoja-Alor 1994) in order to
expose and eat enclosed annelids and
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sponges (Bromley 1975) or surficial algae
(e.g. Schultz & Verdinelli 1975). We found
many sponge drillings of about 0.1 mm that

we assigned to ichnogenus Entobia (see
above). Some of these were greatly enlarged
by putative echinoid action that resulted in

Fig. 5. Marine traces. A, Entobia MLP 20-486 (humerus); B, Gnatichnus pentax MLP 20-486 (humerus); C,
indeterminate, parallel shallow traces MLP 20-491 (humerus); D, cf. ichnogenus RadulichnusMLP 20-262 (radius); E,
indeterminate, short curved traces MLP 20-560 (humerus); F, Galeocerdo aduncus MLP 20-293 (scapula); G,
indeterminate (wide and short furrows) MLP 20-490 (humerus distal end). Scale bar for A–C¼ 10 mm; for D–F, and
G¼ 30 mm.
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very wide holes of about 3–4 mm with
numerous marginal and closely packed
grooves (MLP 20-486, Fig. 5B). Different
markings appear to have been generated by
the same agent acting on different surfaces
under varying circumstances. The complex
Type 1 is interpreted as the recurrent action
of echinoids. The simplest form of a regular
stellate arrangement of five radiating
grooves at angles of ca 728 is rarely seen in
isolation (see Bromley 1975). In Type 2,
teeth employment accommodated to the
bone shape. Type 3 is interpreted as the
action of echinoids to expose and eat the
sponge material. Type 4 may be a variation
of type 1, with concentrated browsing in a
small area. Although some traces around
Entobia holes could be produced by small
fishes or decapods (Bishop 1975), marks on
Gaiman bones appear to have been gener-
ated by echinoids.

cf. ichnogenus Radulichnus Voigt, 1977 (Fig.
5D)

Material. MLP 20-428 (complete femur), MLP 20-
369 (coracoid), MLP 20-433 (femur), MLP 20-522
(proximal end of humerus), MLP 20-262 (radius), MLP
20-266 (radius), MLP 20-326 (tibiotarsus diaphysis),
MLP 20-250 (radius), MLP 20-370 (fragmentary
coracoid), MLP 20-538 (proximal end of humerus),
MLP 20-560 (humerus), MLP 20-429 (femur), MLP 20-
253 (radius), MLP 71-VII-14-1 (tibiotarsus), MLP 20-
375 (incomplete coracoid).

Description. These traces constitute three
linear parallel cuts 0.2–1.1 mm long, sepa-
rated by spaces of about 0.6 mm. Their
orientation is generally transverse or ob-
lique to the main axis of the bone.

Interpretation. Grazing gastropods and chit-
ons are well known to contribute to the
erosion of reef surfaces when foraging on
algae growing on hard substrates; they
damage the surface with their radulae
(Taylor & Wilson 2003, Gibert et al. 2007,
Peyrot-Clausade 2008, Wilson 2008). In

Argentina, Farinati et al. (2006, 2007) have
described marks on molluscs and hard fine-
grained substrates in Holocene beds. The
material from Gaiman has less-dense traces
than other examples (e.g. Gibert et al. 2007).

Galeocerdo aduncus Agassiz, 1843 (Fig. 5F)

Material. MLP 71-VII-14-1 (tibiotarsus), MLP 20-
372 (coracoid), MLP 20-292 (scapula), MLP 20-293
(scapula).

Description. A scapula (MLP 20-293) bears
very small aligned pits (seven pits per
2 mm) on both sides near the edges of the
bone and oblique to its longest axis.
Several series are laterally displaced.
Among the aligned pits, are larger isolated
pits. One coracoid (MLP 20-372) bears a
parallel set of short and small scratches.

Interpretation. The series of pits and the
parallel scratches appear to correspond to
the bite of a medium-sized carcharhiniform
shark with serrated teeth. Such teeth are
abundant in the Gaiman Formation (Ga-
leocerdo aduncus; Ameghino 1906, Cione
1988). Large, parallel, numerous, and clo-
sely spaced marks are usually attributed to
large lamniform sharks such as Carcharodon
carcharias Linnaeus, 1758 or Carcharocles
megalodon Agassiz, 1843 (cf. Deméré &
Cerutti 1982, Cigala Fulgosi 1990; see
comments in Noriega et al. 2007). In this
case, the marks are similar but much
smaller. They resemble marks produced by
Cretaceous anacoracid neoselachians
(Schwimmer et al. 1997). These sharks had
dentitions similar to G. aduncus. In the
Gaiman Formation, another medium-sized
shark with serrated cutting edges occurs in
abundance (the lamniform Carcharoides
totuserratus Ameghino, 1901; Ameghino
1906, Cione 1988). However, when we
marked plasticine and parafin with teeth of
both species, the marks from Galeocerdo
aduncus most resembled the fossil traces.
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Traces of unknown origin

Parallel shallow traces (Fig. 5C)

Material. MLP 77-XII-22-2 (tibiotarsus diaphysis),
MLP 71-VII-14-2 (coracoids distal end), MLP 71-VII-
14-12 (fragmentary coracoids), MLP 77-XII-22-8 (hu-
merus broken into two pieces), MLP 71-VII-14-1
(tibiotarsus), MLP 77-XII-22-1 (complete humerus),
MLP 20-491 (humerus), MLP 20-383 (coracoids distal
end), MLP 20-372 (fragmentary coracoids), MLP 20-
347 (tibiotarsus proximal end), MLP 20-538 (humerus
proximal end), MLP 20-522 (humerus proximal end),
MLP 20-250 (fragmentary radius), MLP 20-273 (ra-
dius), MLP 20-363 (fragment of coracoids), MLP 20-
428 (femur), MLP 20-369 (coracoid), MLP 20-490
(humerus distal end), MLP 20-337 (tibiotarsus distal
end), MLP 20-258 (radius), MLP 20-429 (femur), MLP
20-256 (radius), MLP 20-262 (fragmentary cubit), MLP
20-260 (radius), MLP 20-560 (humerus), MLP 20-253
(radius), MLP 20-295 (cubit), MLP 20-370 (fragment
of coracoid), MLP 20-423 (bill fragment), MLP 20-
418 (bill fragment), MLP 20-325 (fragmentary tibio-
tarsus), MLP 20-326 (fragmentary tibiotarsus diaphy-
sis), MLP 20-333 (tibiotarsus distal end), MLP 20-331
(fragmentary tibiotarsus diaphysis), MLP 20-334
(tibiotarsus distal fragment), MLP 20-328 (tibiotarsus
proximal end), MLP 20-329 (fragmentary tibiotarsus
without both ends), MLP 20-257 (radius), MLP 20-
251 (radius), MLP 20-438 (femur), MLP 20-510
(humerus distal end), MLP 20-266 (cubit), MLP 20-
535 (humerus proximal end), MLP 20-529 (humerus
distal end), MLP 20-530 (fragment of humerus), MLP
20-375 (incomplete coracoid), MLP 77-XII-22-45
(humerus proximal end), MLP 20-343 (tibiotarsus
distal end), MLP 20-292 (scapula), MLP 20-344
(tibiotarsus distal end), MLP 20-335 (tibiotarsus distal
end), MLP 20-350 (tibiotarsus distal end), MLP 20-
384 (coracoid distal end), MLP 20-389 (coracoid),
MLP 20-367 (incomplete coracoid), MLP 20-371
(incomplete coracoid), MLP 20-379 (incomplete cor-
acoid), MLP 20-381 (coracoid distal end), MLP 77-
XII-22-11 (humerus distal end), MLP 20-293 (scapu-
la), MLP 20-559 (incomplete synsacrum), MLP 79-
XII-22-2 (incomplete tibiotarsus), MLP 71-VII-14-1
(tibiotarsus), MLP 20-352 (coracoid distal end), MLP
20-349 (coracoid proximal end), MLP 20-56 (tibiotar-
sus distal end), MLP 77-XII-22-49 (radius), MLP 77-
XII-22-52 (humerus proximal end), MLP 77-XII-22-50
(incomplete coracoid), MLP 77-XII-22-51 (femur
distal end).

Description. Marks are shallow and narrow
only affecting the periosteal bone. They are
arranged in series 0.2–25 mm long.
Although the main part is oblique or
perpendicular to the main axis of the bone,

some are parallel to it. They do not cross
each other except where abundant. A
humerus (MLP 20-491) has thin and paral-
lel cuts about 9–10 mm long perpendicular
to the diaphysis. This bone bears slightly
curved traces, grouped in series of up to 12
cuts, collectively 12 mm wide. Each trace is
initially deep, becoming shallower at the
end. A tibiotarsus diaphysis (MLP 20-331)
has sets of two traces located on one face
with a counterpart of another two on the
other face.

Short curved traces (Fig. 5E)

Material. MLP 20-538 (humerus proximal end),
MLP 20-560 (humerus), MLP 20-423 (bill fragment).

Description. Subparallel deep and short
traces. Most traces are perpendicular to
the diaphysis but do not occur in series.

Wide and short furrows (Fig. 5G)

Material. MLP 20-266 (radius), MLP 20-510 (hu-
merus distal end), MLP 20-375 (incomplete coracoid),
MLP 20-250 (radius), MLP 20-369 (coracoid), 77-XII-
22-2 (humerus distal end), MLP 20-370 (fragment of
coracoid), MLP 20-490 (humerus distal end).

Description. Shallow furrows of consistent
depth, about 1 mm wide. MLP 20-490 has
two parallel traces, slowly curved and
oblique to the humerus axis. The longer
is 22 mm, corresponding to the total width
of the diaphysis, whereas the shorter is
12 mm long. Both are located only on one
side of the bone. They are oblique to the
diaphysis and are disordered and inter-
crossed.

Interpretation. It is difficult to identify the
agent that made these marks. They may
have been generated by various organisms
scavenging meat or foraging for algae on
bones (e.g. teleosteans, elasmobranchs, mol-
luscs, echinoderms, amongst others).
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Discussion
Environment and biota
Marine. Lower Miocene sediments were
deposited in a littoral to sublittoral environ-
ment supplied with pyroclastic material
from volcanic eruptions in the Macizo
Norpatagónico areas (central Provincia de
Rı́o Negro, northern Patagonia; Ardolino
1981). Well-preserved Ophiomorpha, Sko-
lithos Haldemann, 1840, Chondrites Von
Sternberg, 1833 and Planolites Nicholson,
1873 burrows are preserved in the Gaiman
Formation, and the occurrence of bioturba-
tion belonging to the Cruziana ichnofacies
indicates that the environment was not
deeper than shallow neritic (Scasso et al.
1996; see also Ardolino 1981).

Penguin bones were found in two
reworked and winnowed lags associated
with transgressive surfaces, which display a
concentration of phosphatic concretions,
ooids, vertebrate bones and teeth, decapod
remains and some large shells, collectively
constituting condensed deposits (lower and
upper T2 levels of Scasso & Castro 1999;
Fig. 2). The basal conglomerate is poorly
exposed and no sedimentary structures were
recorded, but it probably represents a
condensed shoreface deposit associated with
landward migration of the shoreline during
the transgression (Scasso & Castro 1999).
The sea transgressed towards the west and
reached the longitude of Dolavon (Cortés
1982, Cione 1988, Scasso & Castro 1999;
Fig. 2).

Most of the Gaiman Formation fossils
come from the base of the unit (Cione 1986,
1988, Scasso et al. 1996). Remarkably, most
are vertebrate remains. Most of the inverte-
brates are represented by moulds. However,
there are ostreid shells showing evidence of
chemical alteration. Crab skeletons and
vertebrate bones and teeth are composed
of calcium phosphate, which is much more
resistant to acid alteration.

Close association of callianasid biotur-
bation (Ophiomorpha) and phosphatic levels

suggests a genetic link, via enhanced early-
diagenetic water circulation between the
ocean bottom and the sediments, coupled
with the redox pumping of iron, that
allowed phosphate concentration and devel-
opment of concretions close to the sea
bottom (Scasso & Castro 1999). Conse-
quently, the disappearance of most inverte-
brates with calcium carbonate skeletons is
suggested to have occurred during early
diagenesis.

Ameghino (1900–1903, 1906), Leriche
(1907) and Frenguelli (1928) described the
first fossil fishes from the Gaiman Forma-
tion. More recently, ALC described elasmo-
branchs and teleosts (Cione 1978, 1986,
1988, Cione & Pandolfi 1984, Arratia &
Cione 1996, Cione & Azpelicueta 2002; see
also Cione & Expósito 1980). Fish recorded
are hexanchiform hexanchids, lamniform
isurids, odontaspidids, cetorhinids, carchar-
hiniform carcharhinids, heterodontiform
heterodontids, squatiniform squatinids my-
liobatiform myliobatids, perciform opleg-
nathids and labrids, and tetraodontiform
molids. Fish remains are strongly biased to
elasmobranches owing to the type of depos-
it. A high-energy environment easily de-
grades bones, leaving only the more
resistant material (teeth) preserved. Also,
teeth are shed through the life of rays and
sharks, generating a large quantity of
potential fossils. The fish association sug-
gests warm temperate waters. However, the
occurrence of a diverse community of
penguins suggests that the hydrology could
have been complex (Cione 1978, Malumián
& Náñez 1991, Scasso & Castro 1999,
Malumián 2002, Acosta Hospitaleche
2004).

The most recent study of the penguin
fauna revealed the following taxa: Eretiscus
tonni, Palaeospheniscus bergi, Palaeosphe-
niscus patagonicus and Palaeospheniscus
biloculata (Acosta Hospitaleche 2004). Coz-
zuol (1996) revised the cetaceans and
recognized Balaenidae, ‘‘Cetotheriidae,’’
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Physeteridae, Squalodelphidae, Squalodon-
tidae? and Kentriodontidae (see also
Cione & Cozzuol 1990).

Continental. The early Miocene (Colhue-
huapian, Pinturan and Santacrucian) con-
tinental faunas include many metatherians,
xenarthrans and rodents. Several traces
presumably correspond to didelphid or
borhyaenid marsupials, common in Patago-
nia during the Miocene (Paula Couto 1979,
Goin et al. 2007). Procyonids, the first
mammals of Order Carnivora, entered
South America during the Huayquerian
(early late Miocene). Canids occur for the
first time in the Marplatan (early Pliocene)
and felids during the Ensenadan (early
Pleistocene; Cione & Tonni 1995, 2005,
Woodburne et al. 2006). We did not find
rodent traces (e.g. as shown by Lyman 1994,
Reitz & Wing 1999, Martin 2006). Rodents
have been known in South America since
the Tinguirirican (earliest Oligocene; Flynn
et al. 2003).

Taphonomy
Penguin disarticulation sequence in breeding
areas. The disarticulation process is rela-
tively fast in birds (Cruz 2007). One of us
(CAH) made observations on the sequence
of skeletonization and disarticulation of
recent Patagonian penguins in breeding
areas. The bird dies at the coast, where the
body remains for a few weeks; its spine
begins to bend backward; then, soft tissues
separate from the bones (Fig. 6). Data from
modern penguin colonies published by Cruz
(2006) largely agree with our own observa-
tions in the study area. Disarticulation
begins with the skull and then limbs. The
rostrum detaches at this time from the rest
of the skull. Hindlimbs are more rapidly
dismembered than forelimbs, which remain
attached as a unit with the coracoid,
furculum, scapula, and in some cases the
sternum. Moreover, the proximal portions

of every limb separate before the distal ones
(Cruz 2007). In hindlimbs, the humerus,
ulna and radius are exposed, whereas in
forelimbs only the tibiotarsus loses its
covering. Subsequently, the keel becomes
exposed, although the thoracic cage remains
most frequently articulated. Dismembering
of limb bones begins while the spine, the
thoracic cage and pelvis are held together.
After burial, disarticulation and dispersal of
bones continue in most cases via bioturba-
tion (Cruz 2007).

Weathering. Fresh or slightly weathered
bones predominate in colonies (Cruz 2007).
This is probably related to the intrinsic
features of bird bones. While mammals
display the whole range of weathering stages
of Behrensmeyer (1978), avian bones rarely
exceed stage 2. Cruz (2007), suggested that
this is due to rapid burial before advanced
weathering (Cruz 2007) whereas Behrens-
meyer et al. (2003) suggested that they
disintegrate rapidly. Certainly, rapid skeletal
disarticulation is typical of all birds and
increases the vulnerability of bones to
destruction. Furthermore, bird bones are
small compared to many mammals. When
avian bones exceed a certain stage, they are
so badly damaged that they essentially
disappear (Cruz 2005). That is particularly
the case for the thoracic cage and skull,
which rarely fossilize.

Based on archaelogical studies, four
stages have been proposed for the decom-
position of Patagonian marine birds: (1)
bones with shallow longitudinal cracks, (2)
bones with deep longitudinal cracks, frac-
tures, and porous surface, (3) bones with
pronounced cracks, externally flaked, and
rounded epiphyses, (4) splintered surface
and badly damaged bones (Muñoz &
Savanti 1998).

Many fossil penguin bones of the Gai-
man Formation bear longitudinal or ob-
lique cracks: MLP 20-337, MLP 20-391,
MLP 20-486, MLP 20-50 (Fig. 7B: MLP
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20-50), MLP 20-491, MLP 20-535, MLP 20-
365, MLP 20-50. Comparing homologous
elements, cracks develop in a similar pattern

in recent and fossil bones (Fig. 7A, B). Of
the penguin bones with predation marks
(128 pieces), 70.3% bear weathering cracks

Fig. 6. Sequence of decay in penguins from living animal (A) to partly disarticulated skeleton (H) in breeding areas of
Patagonia (photos of CAH).
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(Appendix 1). We observed flaking in the
outer layers of some bones (stage 2 of
Behrensmeyer 1978 and 3 of Muñoz &
Savanti 1998; MLP 20-365) and deep
cracking and a coarse layered fiber structure
in others (stage 4 of Behrensmeyer 1978 and
Muñoz & Savanti 1998; MLP 20-368, MLP
20-246; Fig. 7C, D).

Weathering indicates that the material
was exposed to subaerial conditions for
relatively long periods before being drowned
by the sea. Large numbers of isolated bones
occur in modern penguin breeding colonies.
A similar pattern can be assumed for the
Gaiman area during the early Miocene. The
cracks clearly differ from those generated by
burial pressure. The high rate of weathered
bones suggests that most animals died in the
breeding colony.

Fractures. Flattening, fracturing, disarticu-
lation and burial of carcasses can be
attributed to trampling by other members
of the penguin colony (Cruz 1999, 2007),
especially around nests (Malacalza & Navas
1996). Fractures in appendicular bones are
commonly observed in fossil and archae-
ological penguin material, but not in modern
colonies. They can not be attributed to
carnivore or root action (Cruz 2007) but
probably represent diagenetic processes. Ex-
posed fossil bones from the Gaiman Forma-
tion could bemore vulnerable to fracturing by
the modern harsh weather conditions.

Predation and scavenging. Remarkably, the
incidence of land carnivores is extremely
low in modern marine bird bone assem-
blages, being51% of samples (Cruz 1999,
2004). When land-bound, marine birds are
mainly preyed upon by other birds
(Williams 1995). The incidence of predation
on adult Magellanic penguins is not high, as
predators concentrate on eggs and chicks,
and the scavenging of carcasses. The main
predators and/or scavengers at colonies are
the South American Grey Fox, the little

Fig. 7. Weathering in penguin bones showing progres-
sive degradation from A to D (recent bird bones held in
the División Paleontologı́a de Vertebrados, Museo de
La Plata). A, recent humerus; B, MLP 20-50 (humerus);
C, MLP 20-246 (coracoid); D, MLP 20-298 (femur).
Scale bar¼ 50 mm.
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Hairy Armadillo, skuas and especially the
Kelp Gull (Frere et al. 1996, Gandini et al.
1996).

The main action of bird predators is
puncturing of the thorax, abdomen and
cervical and ocular regions, with subsequent
skin tearing, muscle damage and gut destruc-
tion. Bone modifications are scarce, and those
recorded were concentrated especially on the
sternum, keel and ribs. The most distinct
markings are punctures on the sternum.
Another distinct feature of bird predation
and scavenging is that it takes place in situ, not
involving carcass or bone transport.

Element representation. Damuth (1992) stu-
died element representation of recent mar-
ine bird bones comparing flying birds,
running birds and exclusively diving birds
in a taxon free analysis. Each of these bird
types displays a particular pattern of ele-
ment representation due to the influences
imposed by locomotion such as bone
density (Cruz 2005). According to Living-
ston (1989), bone structure and functional
anatomy are determinant in the constitution
of bone accumulations.

In marine birds, hind- and forelimbs are
the most commonly preserved elements. The
pelvic girdle is less represented (Cruz 2007).
There is a tendency towards predominance
of humeri, tibiotarsi and femora for limbs,
and coracoids for the scapular girdle.

The Gaiman Formation at Gaiman
includes the largest and most diverse fossil
representation of Spheniscidae in southern
South America. Acosta Hospitaleche (2007)
identified 578 penguin bones in an assem-
blage from this unit, of which 73% represent
appendicular bones and 14% scapular girdle
bones. Humeri are most abundant (27%).

Why is the Gaiman assemblage interpreted as
a breeding colony?
The high density of bones in modern
breeding areas of Patagonian marine birds

is remarkable. Spheniscid remains predomi-
nate over those of other vertebrates; bones
are mostly disarticulated, limb bones are
abundant, carnivore marks on bones are
rare, and fractured elements are common.
Many of the features evident in modern
assemblages are also apparent in fossil avian
deposits (Cruz 2007).

Penguin remains have a limited distribu-
tion in space and their importance decreases
towards the boundaries of the colony (Cruz
1999, 2003, 2004). Another remarkable
factor related to bone accumulations is the
activity of predators and scavengers (Cruz
1999, 2003, 2004). They usually transport
carcasses beyond the limits of the colony
and leave recognizable marks on external
bone surfaces (Cruz 2007). However, mod-
ern studies along the coast of Patagonia
(Cruz 2007) and Antarctica (Emslie 1995)
indicate that the most important causes of
bone accumulations are not carnivory or
scavenging but weathering and erosion
processes. The differential representation
of skeletal parts constitutes an important
tool for gauging the degree of bone trans-
portation and their proximity to the colony.
Fossil colonies are represented mostly by
limbs bones, then scapular girdles, whereas
axial skeletons and pelvic girdles are scarce
(Emslie 1995; Cruz 1999, 2004, 2005).

The basal sediments of the Gaiman
Formation were deposited in a transgressive
marine environment that advanced west-
ward. The great abundance of penguin
bones, many with cracks, indicates that they
were exposed subaerially in a breeding area.

Comparison with other fossil penguin
localities
The remarkable penguin record from the
Eocene La Meseta Formation at Seymour
Island (Antarctic Peninsula) reveals an as-
semblage in which almost all bones are
disarticulated (personal observation; see also
Jadwiszczak 2009). No predation marks have
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been found although there are weathering
cracks (CAH, personal observation).

Few but, in many cases, completely
articulated penguin skeletons occur in the
middle–late Miocene Puerto Madryn For-
mation on the Valdés Peninsula (Acosta
Hospitaleche 2004). No predation marks
were found and burial was interpreted to be
even more rapid and certainly subaqueous.

Absence of teleostean marks
We found it very difficult to identify marks
left by teleostean fishes on Gaiman Forma-
tion penguin bones. Some teleosteans (e.g.
Labridae, Sciaenidae; Braga 1984) crush
invertebrates or other animals. Others, such
as scarid and acanthurid fishes, are typical
bioeroders of corals in tropical environ-
ments (see Backus 1966, Peyrot-Clausade
et al. 2000, Brown-Sarracino et al. 2007,
Peyrot-Clausade 2008) or forage on algae
(Backus 1964). Little is known about fish
traces in temperate waters although there are
good descriptions of bioerosion (e.g. Stearley
& Ekkdale 1989). Studies in Denmark, Japan
and California have shown that some tele-
osteans forage on benthic algae, sponges and
molluscs, amongst other organisms (Backus
1964). However, the intensity of fish-rasping
appears to be considerably less than in the
tropics (Backus 1966). The nature of the
traces produced by these fishes on bones has
not been studied. However, some remains of
parrotfish were described from the Gaiman
Formation (Cione & Azpelicueta 2002).
Although we have no direct linkage, opleg-
nathids could have left traces on bones when
foraging for epibionts. For example, Opleg-
nathus insignis (Kner, 1867) and other species
presently feed on benthic algae and fauna
(Fishbase 2008).

Conclusions
The abundant penguin remains from the
base of Gaiman Formation at Bryn Gwyn

are represented by disarticulated bones, of
which many show predation marks. They
certainly represent a thanatocenosis (sensu
Fürsich 1990). We found pits, furrows, a
few scores but no punctures. This could be
due to the small size of predators/scavengers
and the penguin bone robustness. Sedimen-
tary and palaeontological features indicate
that deposition occurred in an intertidal to
subtidal setting.

Marks from desiccation, terrestrial car-
rion feeders and disarticulation suggest
that penguin corpses were exposed in a
breeding area (Fig. 8A). We found no
healed marks. Carnivores are important in
the removal and disarticulation of modern
Patagonian penguin corpses. At Bryn
Gwyn, terrestrial predators would have
been represented by mammals, most prob-
ably medium-sized marsupial carnivores
(Fig. 8). There are no previous reports of
fossil marsupial traces in South America.
Birds also probably predated or scavenged
penguins, but have not left marks on the
bones.

When the sea transgressed onto the
continent, the penguin bones were buried
in the marine sediments or remained ex-
posed on the sea floor (Fig. 8B). As the sea
advanced, the breeding areas likely mi-
grated westward. Those bones exposed on
the sea floor were colonized by algae,
sponges and other benthic animals. They
acted as hard benthic substrates for encrus-
tation and bioerosion (Oschmann 1990). We
identified clionid sponge borings in several
bones (Domichnia: Entobia). Other organ-
isms such as echinoderms foraged for
sponges or algae and left traces (Pasichnia:
Gnatichnus pentax). The Entobia holes were
enlarged and heavily marked, probably by
echinoderms. Other traces may have been
generated by sharks feeding on epibionts or
on penguin carcasses. One scapula bears
traces possibly produced by a shark com-
mon in the Gaiman Formation, the carch-
arhiniform Galeocerdo aduncus.
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We recognized several ecological guilds
in the Gaiman Formation identified by
traces: strict predators (sensu Bambach
2002) of different levels, scavengers (mam-
mals, sharks, teleostean fishes), grazers
(echinoderms and possible molluscs) and
suspension feeders (sponges). Other organ-
isms are represented by bodies but not by
traces: strict predators (penguins), suspen-
sion feeders (oysters, other pelecypods,
silicious sponges) and autotrophs (diatoms).
The corrosive environment removed most
of the calcium carbonate and left almost

exclusively calcium phosphate or silica.
Consequently, the unit lacks somatic re-
mains of most molluscs, bryozoans, poly-
chaetes and cirripeds.

Traces on the penguin bones can be
assigned to the Trypanites Ichnofacies (sen-
su Bromley & Asgaard 1991), which is
characterized by domichnial borings and
grooves made by foragers (see Taylor &
Wilson 2003, Farinati et al. 2006, 2007).
Usually, these are formed in shoreline rocks
or in lithified limestone hardgrounds on the
seabed.

Fig. 8. A, reconstruction of the palaeoenvironment before deposition of the Gaiman Formation, when the breeding
area was located at Bryn Gwyn; B, Reconstruction of the environment during deposition of the Gaiman Formation.
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República Argentina. Revista Española de Micro-
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Congreso Argentino de Paleontologı́a y Bioestrati-
grafı́a y I Congreso Latinoamericano de Paleonto-
logı́a, 2, 275–290.

CIONE, A.L. & PANDOLFI, A.A., 1984. A finspine of
Heterodontus from the ‘‘Patagonian’’ of Trelew,
Chubut, Argentina. Tertiary Research 6, 59–63.

CIONE, A.L. & TONNI, E.P., 1995. Chronostratigraphy and
‘‘Land-mammal ages’’ in the Cenozoic of southern
SouthAmerica: principles, practices, and the ‘‘Uquian’’
problem. Journal of Paleontology 69, 135–159.

CIONE, A.L. & TONNI, E.P., 2005. Bioestratigrafı́a
basada en mamı́feros del Cenozoico superior de
la región pampeana. In Geologı́a y Recursos
Minerales de la Provincia de Buenos Aires, Relatorio
del XVI Congreso Geológico Argentino 11, R. DE

BARRIO, R. ETCHEVERRY, M.F. CABALLÉ & E.
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pájaros fósiles de la República Argentina. Anales
del Museo de La Plata, Paleontologı́a Argentina 1,
8–71.
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185–192.

OGG, J., OGG, G. & GRADSTEIN, F., 2008. The Concise
Geologic Time Scale, Cambridge University Press,
184 pp.

OSCHMANN, W., 1990. Dropstones—rocky mini islands
in high-latitude pelagic soft substrate environ-
ments. Senckenbergiana Marı́tima 21, 55–75.

PASCUAL, R., ORTEGA HINOJOSA, E., GONDAR, D. &
TONNI, E.P., 1965. Las edades del Cenozoico
mamalı́fero de la Argentina, con especial atención
a aquellas del Territorio Bonaerense. Anales de la
Comisión de Investigaciones Cientı́ficas de la Pro-
vincia de Buenos Aires 6, 165–193.

PAULA COUTO, C., 1979. Tratado de Paleomastozoolo-
gia, Academia Brasileira de Ciencias, Rio de
Janeiro, 590 pp.

PEYROT-CLAUSADE, M., 2008. The French Polynesian
Atolls: Bioerosion of the Reefs. Available online at:
http://www.com.univ-mrs.fr/IRD/atollpol/ecorecat/
ukbioero.htm (accessed 10 September 2009).

PEYROT-CLAUSADE, M., CHABANET, P., CONAND, C.,
FONTAINE, M., LETOURNEUR, Y. & HARMELIN-
VIVIEN, M., 2000. Sea urchin and fish bioerosion
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Appendix 1. Specimens from the Gaiman

Formation

With cracks (90 specimens: 70.30%). MLP 20-423,
MLP 20-418, MLP 20-488, MLP 20-369, MLP 20-250,
MLP 20-486, MLP 20-391, MLP 20-363, MLP 20-292,
MLP 20-293, MLP 20-365, MLP 20-428, MLP 20-490,
MLP 20-491, MLP 20-392, MLP 20-273, MLP 20-253,
MLP 20-295, MLP 20-382, MLP 20-482, MLP 20-260,
MLP 20-266, MLP 20-510, MLP 20-337, MLP 20-334,
MLP 20-370, MLP 20-56, MLP 20-596, MLP 20-351,
MLP 20-352, MLP 20-251, MLP 20-256, MLP 20-559,
MLP 20-294, MLP 20-331, MLP 20-328, MLP 20-558,
MLP 20-326, MLP 20-350, MLP 20-262, MLP 20-560,
MLP 20-333, MLP 20-393, MLP 20-323, MLP 20-344,
MLP 20-339, MLP 20-330, MLP 20-522, MLP 20-433,

MLP 20-347, MLP 20-380, MLP 20-379, MLP 20-362,
MLP 20-367, MLP 20-374, MLP 20-364, MLP 20-378,
MLP 20-386, MLP 20-376, MLP 20-348, MLP 20-390,
MLP 20-467, MLP 20-365, MLP 20-50, MLP 20-535,
MLP 77-XII-22-2, MLP 77-XII-22-30/42, MLP 77-
XII-22-6/15, MLP 77-XII-22-6, MLP 77-VII-14-3,
MLP 71-VII-14-2, MLP 71-VII-14-1, MLP 71-VII-14-
12, MLP 71-VII-14-13, MLP 77-XII-22-49/55, MLP
77-XII-22-8, MLP 77-XII-22-32, MLP 77-XII-22-11,
MLP 77-XII-22-18, MLP 77-XII-22-22, MLP 77-XII-
22-34, MLP 77-XII-22-23, MLP 77-XII-22-24, MLP
77-XII-22-25, MLP 77-XII-22-26, MLP 77-XII-22-27,
MLP 77-XII-22/28, MLP 77-XII-22-43/47, MLP 77-
XII-22-12.

Without cracks (38 specimens: 29.70%). MLP 20-368,
MLP 20-349, MLP 20-329, MLP 20-383, MLP 20-529,
MLP 20-393, MLP 20-429, MLP 20-372, MLP 20-258,
MLP 20-342, MLP 20-353, MLP 20-325, MLP 20-336,
MLP 20-332, MLP 20-324, MLP 20-346, MLP 20-343,
MLP 20-340, MLP 20-332, MLP 20-338, MLP 20-327,
MLP 20-341, MLP 20-335, MLP 20-389, MLP 20-380,
MLP 20-385, MLP 20-377, MLP 20-373, MLP 20-381,
MLP 20-387, MLP 20-390, MLP 20-384, MLP 20-371,
MLP 20-366, MLP 20-345, MLP 77-XII-22-14, MLP
77-XII-22-17, MLP 77-XII-22-48.
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