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A M E R I C A N  J O U R N A L  O F  B O T A N Y

R E S E A R C H  A R T I C L E

                    Th e Cheirolepidiaceae are an extinct family of conifers known from 
the Late Triassic up to the Late Cretaceous (early Paleogene in 
Patagonia;  Barreda et al., 2012 ). Th e group was highly diverse in the 
Mesozoic, particularly in lower latitudes, although their numbers 
began to decline in many areas from the Middle to Late Cretaceous 
( Watson, 1988 ;  van der Ham et al., 2003 ). Species of Cheirolepidiaceae 
genera appear to have been ecologically distinctive among living 
and extinct conifers, as their common occurrence in arid coastal 
settings suggests they could tolerate drought stress as well as high 
salinity ( Alvin, 1982 ;  Watson, 1988 ;  Moreau et al., 2015 ). Th e un-
usual leaf morphology of many Cheirolepidiaceae species, which is 

reminiscent of angiosperm halophytes such as  Salicornia  ( Alvin, 
1982 ;  Watson, 1988 ), further suggests they inhabited extremely xe-
ric or water-stressed environments. Members of the Cheirolepi-
diaceae also have distinctive reproductive morphology among 
conifers; the characteristic pollen grains that defi ne the group 
( Classopollis ) are perhaps the most complex of any known gymno-
sperm ( Srivastava, 1976 ;  Alvin, 1982 ;  Taylor and Alvin, 1984 ) and 
their seed cones have a complex morphology that may have facili-
tated insect pollination in at least some species ( Labandeira et al., 
2007 ). Yet despite the importance of this group in Mesozoic ecosys-
tems and its signifi cance for understanding the ecological, anatom-
ical, and morphological diversity of conifers, the origins and 
phylogenetic relationships of Cheirolepidiaceae remain unclear. 

 Resolving these relationships is important because they may 
help to answer fundamental questions about conifer evolution. 
Although molecular data support a consistent set of relationships 
among the major extant conifer groups (see e.g.,  Rai et al., 2008 ; 
 Leslie et al., 2012 ), it is diffi  cult to reconstruct deep patterns of 
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  PREMISE OF THE STUDY:  Plants preserved in diff erent fossil modes provide complementary data concerning the paleobiology and evolutionary relation-

ships among plant groups. New material from the Early Jurassic of Patagonia shows the importance of combining these sources of information, as we 

describe the fi rst compression/impression fossils of  Pararaucaria , a genus of the extinct conifer family Cheirolepidiaceae previously known from permin-

eralized fossils. These fossils extend the temporal range of this genus and may allow its wider recognition in the fossil record. 

  METHODS:  We studied fossil plants from the Early Jurassic (Pleinsbachian-Toarcian) locality of Taquetrén in Patagonia, Argentina using standard paleobo-

tanical preparation and description techniques. 

  KEY RESULTS:   Pararaucaria taquetrensis  consists of isolated ovuliferous scales and small seed cones with helically arranged bract-scale complexes attached 

to scale-leaf foliage. Bract-scale complexes consist of separated bracts and ovuliferous scales with two seeds and three broad distal lobes. 

  CONCLUSIONS:   Pararaucaria taquetrensis  represents the oldest known Cheirolepidiaceae seed cones from the Southern Hemisphere, and this material 

highlights the importance of compression and impression fossils in understanding the distribution of fossil taxa. This material also suggests that 

Cheirolepidiaceae cone scales can be easily confused with those of another common conifer family, the Araucariaceae, which has important implications 

for accurately understanding Mesozoic conifer diversity and paleoecology. 
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character evolution among conifers because the major groups are 
highly divergent morphologically and anatomically. Cheirolepidia-
ceae may help to bridge this gap by essentially breaking up long 
morphological branches among living clades. For example, molec-
ular evidence supports a sister relationship between the Araucaria-
ceae and Podocarpaceae clades ( Chaw et al., 2000 ;  Rai et al., 2008 ) 
and many extant representatives of both groups possess character-
istic tissues that partially or fully cover their seeds (see e.g.,  Owens 
et al., 1995 ;  Tomlinson et al., 1991 ;  Tomlinson and Takaso, 2002 ). 
It is unclear if these structures are truly homologous, however, be-
cause they diff er substantially in anatomical structure and position. 
Cheirolepidiaceae also have a fl ap of tissue covering their seeds (the 
“pocket forming tissue” of  Escapa et al., 2012 ) that may suggest a 
relationship among these three groups (i.e., Araucariaceae, Podo-
corpaceae and Cheirolepidiaceae), although it has alternatively 
been suggested that this structure is homologous to the seed wing 
of Pinaceae (see  Escapa et al., 2013 ). A detailed phylogenetic analy-
sis of Cheirolepidiaceae is necessary to provide clues to the origins 
and potential homologies of these “covering tissues”, and thus a 
more accurate understanding of the morphological diff erences and 
similarities among extant and extinct conifer groups. A crucial fi rst 
step, however, is a better understanding of the basic morphology, 
anatomy, diversity, temporal distribution, and geographic distribu-
tion of the Cheirolepidiaceae. 

 With these goals in mind, we describe a new species of the 
Cheirolepidiaceae genus  Pararaucaria  from the Early Jurassic of 
Patagonia.  Pararaucaria  was originally created for permineral-
ized seed cones of uncertain affi  nity from Jurassic deposits in 
Santa Cruz Province ( Wieland, 1929 ,  1935 ;  Stockey, 1977 ), but 
has recently been placed in the Cheirolepidiaceae due to similari-
ties in its seed cone morphology ( Escapa et al., 2012 ). In particu-
lar,  Pararaucaria  bract-scale complexes (the typical scales of a 
conifer cone that consist of a bract subtending a modifi ed shoot, 
or ovuliferous scale) have the characteristic lobes and “pocket-
forming tissue” that characterize the Cheirolepidiaceae ( Escapa 
et al., 2012 ). Subsequent work has shown that  Pararaucaria  was 
widespread and diverse in the Jurassic, with multiple species of 
permineralized seed cones now known from Patagonia ( Escapa 
et al., 2013 ), the western United States ( Stockey and Rothwell, 
2013 ;  Gee et al., 2014 ) and England ( Steart et al., 2014 ). In this 
study, we describe the fi rst compression/impression remains of 
the genus, which extends its range into the Early Jurassic. Th ese 
attached branches, foliage, and seed cones represent the oldest 
known reproductive macrofossil remains of the Cheirolepidia-
ceae from South America and probably the Southern Hemisphere 
in general (depending on the exact age of our locality; see  Hieger 
et al., 2015 ). 

 A further goal of this study was to integrate information from 
compression and impression fossils, such as those described here, 
with data derived from permineralized fossils. Permineralized fos-
sils are relatively rare in the fossil record but are a major paleobo-
tanical focus because their three-dimensional cellular preservation 
records a wealth of morphological and anatomical information (see 
e.g.,  Rothwell and Stockey, 2002 ;  Taylor et al., 2005 ;  Friis et al., 
2007 ;  Schwendemann et al., 2010 ). Compression and impression 
fossils, on the other hand, preserve less structural information but 
are much more widespread and can therefore provide key data re-
garding the temporal, spatial, and environmental distribution of 
fossil species (see e.g.,  DiMichele et al., 2007 ;  Falcon-Lang et al., 
2009 ;  Escapa et al., 2011 ). Compression and impression fossils also 

provide valuable information regarding connections between dif-
ferent plant organs and parts (see e.g.,  Rothwell and Serbet, 1994 ; 
 Yao et al., 1998 ), as permineralized fossils oft en preserve only iso-
lated organs. Reconciling information from these diff erent preser-
vational modes is then crucial to understanding plant evolution 
because their combination facilitates the development of progres-
sively more complete plant concepts for use in phylogenetic analy-
ses (see e.g.,  Hernandez-Castillo et al., 2009 ;  Escapa et al., 2010 ; 
 Bomfl eur et al., 2013 ,  2014 ). 

 MATERIALS AND METHODS 

 Geologic setting —   Th e fossil impressions, molds, and casts de-
scribed here were collected in Argentina in the Cañadón del 
Zaino area, near the town of Paso del Sapo, Chubut Province. 
Fossils were collected at two localities in close proximity, “Taque-
trén” and “Taquetrén B”, which are separated by 3.5 km but are 
found on a stratigraphically equivalent level ( Fig. 1 ).  Plant-bearing 
sediments at the original “Taquetrén” locality were fi rst assigned 
to the Taquetrén Formation ( Nullo and Proserpio, 1975 ) but were 
subsequently placed in the broader Lonco Trapial Group (see 
 Lizuain and Silva Nieto, 2005 ;  Escapa et al., 2008 ;  Cúneo et al., 
2013 ;  Figari et al., 2015 ). Th e Lonco Trapial Group ( Lesta and 
Ferello, 1972 ) has an estimated thickness of 500-800 meters ( Figari, 
2005 ;  Figari et al., 2015 ) and is dominated by poorly stratifi ed 
agglomerates, breccias, and basaltic lavas with associated volca-
niclastic conglomerates, sandstones, and lahar deposits. Th e fos-
siliferous levels are found near the base of the Lonco Trapial 
Group, a few meters above the contact with the underlying Las 
Leoneras Formation. 

 Th e age of the fossil fl oras at Taquetrén were originally based on 
their fossil content and comparisons with other Mesozoic fl oras 
from South America and Antarctica, which generally supported 
a Middle-Late Jurassic age (see e.g.,  Bonetti, 1964 ;  Herbst and 
Anzótegui, 1968 ;  Nullo and Proserpio, 1975 ).  Escapa et al. (2008)  
suggested an earlier age for the Taquetrén localities due to the pres-
ence of taxa that are characteristic of the Early Jurassic of Gondwana 
(e.g.,  Goeppertella ,  Clathropteris ,  Sagenopteris ; see e.g.,  Escapa et al., 
2008 ). More recently,  Cúneo et al. (2013)  obtained radiometric ages 
for the upper part of Las Leoneras Formation (188.9 Ma) and for 
the transition between the Lonco Trapial Group and the overlying 
Cañadon Asfalto Formation (178.8 Ma), thereby bracketing the age 
of the Taquetrén fl ora to the Early Jurassic. Given its stratigraphic 
position at the base of the Lonco Trapial Group, Taquetrén most 
likely dates to the older end of this age range, probably to the 
Pliensbachian. 

 Th e fossil content of Taquetrén has been the subject of several 
taxonomic studies in the past ( Bonetti, 1964 ;  Herbst and Anzótegui, 
1968 ), while Taquetrén B has only recently been discovered. Th e 
fl ora at both localities generally consists of Equisetales, ferns, 
seed ferns, Bennettitales, and conifers ( Bonetti, 1964 ;  Herbst and 
Anzótegui, 1968 ). In total, 20 taxa have been preliminarily identi-
fi ed described from both vegetative and reproductive remains. 

 Fossil preparation and illustration —   Standard paleobotanical tech-
niques were used in the preparation and study of the specimens 
described here, which are deposited at the Museo Paleontológico 
Egidio Feruglio Paleobotanical Collection in Trelew, Argentina 
(hereaft er MPEF-PB). Fossils were examined using a Zeiss MC80DX 
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stereoscope (Carl Zeiss, Oberkochen, Germany) with camera lu-
cida attached and photographed using a Canon Mark 7D digital 
camera with a 60 mm macro lens. Higher magnifi cations were ob-
tained using extension tubes attached to the lens. To generate clear, 
fully focused images of three-dimensional material, some speci-
mens were photographed in multiple planes of focus, and the 
images were subsequently stacked using the auto-align and auto-
blend functions of Adobe Photoshop (Adobe Systems, San Jose, 
California, USA). 

 Previously described specimens from Taquetrén were revised. 
Specimens originally described by  Bonetti (1964)  are deposited in 
the Palaeobotanical collection of the Museo Argentino de Ciencias 
Naturales ‘Bernardino Rivadavia,’ Buenos Aires, Argentina (here-
aft er Ba Pb), while specimens described by  Herbst and Anzotegui 
(1968)  are deposited in the Paleontological Collection of the ‘Facultad 
de Ciencias Exactas y Naturales y Agrimensura de la Universi-
dad Nacional del Nordeste,’ Corrientes, Argentina (hereafter 
CTES-Pb). 

  FIGURE 1  Location and geology of Taquetrén (white star) and Taquetrén B (black star) localities, 

Chubut Province, Argentina. Modifi ed from Cúneo et al., 2013.   

 SYSTEMATICS 

 Order —   Coniferales sensu  Farjon, 2010  

 Family —   Cheirolepidiaceae  Tahktajan, 1963  

 Genus —    Pararaucaria   Wieland, 1929 ,  emend.  
Escapa, Rothwell, Stockey et Cúneo 

 Remarks —   Th e genus  Pararaucaria  originally 
described permineralized seed cones from 
the Middle-Late Jurassic of Patagonia with 
uncertain systematic affi  nities ( Wieland, 1929 , 
 1935 ).  Pararaucaria  has been linked with or 
assigned to the Araucariaceae, Cheirolepidia-
ceae, Cupressaceae, Pinaceae, Voltziales, or in 
its own family by various authors ( Wieland, 
1935 ;  Calder, 1953 ;  Stockey, 1977 ;  Miller, 
1999 ;  Smith and Stockey, 2001 ), but the genus 
was recently emended and placed more fi rmly 
in the Cheirolepidiaceae following a rein-
terpretation of its morphology and anatomy 
( Escapa et al., 2012 ). Here we expand the con-
cept of  Pararaucaria  to also include seed cone 
impressions that are morphologically similar 
to anatomically preserved seed cones from 
the Jurassic of Patagonia ( Escapa et al., 2012 , 
 2013 ), specifi cally in terms of the presence of 
three ovuliferous scale lobes. Th is material 
also extends the concept of  Pararaucaria  to 
include vegetative branches with scale-leaf 
morphology. 

 Species —    Pararaucaria taquetrensis  Escapa et 
Leslie, sp. nov. 

 Specifi c diagnosis —   Seed cones at least 22 mm 
long and up to 18 mm in diameter, bearing 
helically arranged bract-scale complexes 6.6–
13.7 mm in length by 6.25–11.8 mm in width 
on a thin axis around 1.5 mm in diameter. 
Ovuliferous scales with three broad lobes, 

0.5–1.0 mm long and 2–4 mm wide, arranged in two ranks with a 
single adaxially positioned central lobe. Ovuliferous scales bear one 
or two seeds measuring 3.9 mm long by 2.2 mm wide in a broad 
central depression covered by a fl ap of tissue. Ovulate cones borne 
terminally on relatively thick, ramifi ed branches 2–4 mm in diam-
eter bearing imbricated,  Brachyphyllum -type scale leaves 1.8–3.0 mm 
long. 

 Holotype —   MPEF-Pb 1893a,b, here designated ( Fig. 2A, B ;  4B; 7B). 
Deposited in the Museo Paleontologico Egidio Feruglio, Trelew, 
Chubut Province, Argentina. 

 Other illustrated material —    Pararaucaria taquetrensis  MPEF-Pb 
2163 ( Fig. 2C, D ), MPEF-Pb 1894b ( Fig. 3A ),  MPEF-Pb 1894a 
( Fig. 3B ; 6D), MPEF-Pb 8901 ( Fig. 3C ), MPEF-Pb 2088 ( Fig. 3D ), 
MPEF-Pb 1903 ( Fig. 3E ; 6F), MPEF-Pb 2145 ( Fig. 3F ), MPEF-Pb 
1908 ( Fig. 3G ), MPEF-Pb 1889 ( Fig. 3H ), MPEF-Pb 1869 ( Fig. 4A ),  
MPEF-Pb 1884 ( Fig. 4C ).  Pararaucaria delfueyoi  Escapa et al. 
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  FIGURE 2   Pararaucaria taquetrensis  Escapa et Leslie. (A). Articulated cone preserved in lateral view attached to  Brachyphyllum -type foliage. Note the 

bracts subtending the ovuliferous scale, which together form a rhomboidal bract-scale complex impression. MPEF-Pb 1893a. Scale bar = 3 mm. (B) 

Counterpart of (A), showing separate bract and ovuliferous scale impressions. MPEF-Pb 1893b. Scale bar = 3 mm. (C) Articulated cone attached to 

 Brachyphyllum -type foliage and containing the impression of either an individual seed or the entire pocket containing the seeds. MPEF-Pb 2163. Scale 

bar = 5 mm. (D) Close-up of (C). Scale bar = 2 mm. Note: sc = ovuliferous scale, br = bract; ov = ovule.   
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  FIGURE 3   Pararaucaria taquetrensis  Escapa et Leslie. (A) Articulated cone preserved in transverse section. This specimen is a three-dimensional cast that 

has been fractured through a single plane, therefore exposing the adaxial surfaces of the bract-scale complex on the part and the abaxial surfaces of 

the counterpart. MPEF-Pb 1894b. Scale bar = 3 mm. (B) Counterpart of (A), showing the abaxial surface of bracts subtending the ovuliferous scales. 

MPEF-Pb 1894a. Scale bar = 3 mm. (C) Isolated ovuliferous scale showing impressions of two seeds and the distal three. MPEF-Pb 8901. Scale bar = 2 mm. 
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MPEF-Pb 1953, MPEF-Pb 5342, MPEF-Pb 1954. Deposited in the 
Museo Paleontologico Egidio Feruglio, Trelew, Chubut Province, 
Argentina. 

 Locality —   Taquetrén and Taquetrén B localities in Chubut Prov-
ince, Patagonia, Argentina. Coordinates available upon request. 

 Stratigraphic position and age —   Lonco Trapial Group, Pleinsba-
chian to Toarcian stage (188.9–178.8 Ma), Early Jurassic. 

 Etymology —   Th e species epithet refers to the Taquetrén localities 
where the material was discovered. 

 RESULTS 

 Seed cones —   Four articulated seed cones of  Pararaucaria taquet-
rensis  were found in the material; although only three are preserved 
well enough to be described in detail. Th e fi rst cone is preserved in 
lateral view and consists of a three-dimensional part and counter-
part that preserves half of the exterior surface of a cone that is 
attached terminally to a leaf-bearing branch ( Fig. 2A, B ). Th e cone 
measures 22.9 mm long by 12.2 mm wide and it shows impressions 
of approximately 16 bract-scale complexes; the total number of 
bract-scale complexes was then probably between 30 and 40, al-
though this is not known with certainty. Th e free tips of the bracts 
and ovuliferous scales are separated and visible at the edges of the 
cone where they bend upward ( Fig. 2B ). Th e visible exterior surface 
of the cone is therefore formed by the abaxial surface of the bract 
and ovuliferous scale, which together create a rhomboidal or dia-
mond shaped impression ( Fig. 2A, B ). 

 A second cone is also preserved in lateral view and attached to 
foliage, but is not well preserved ( Fig. 2C, D ). Th is cone measures 
17.2 mm long by 13.7 mm wide, but its length is probably not com-
pletely preserved. Th e specimen is broken in longitudinal section 
and shows imbricated bract-scale complexes ( Fig. 2C, D ), one of 
which preserves a wedge-shaped body that is likely either a seed or 
a mold of the internal seed-containing pocket ( Fig. 2D ). Th is body 
measures 3.75 mm long by 1.5 mm deep. 

 Th e third cone is well-preserved in transverse section, with a 
split between part and counterpart that is perpendicular to the cone 
axis ( Fig. 3A, B ). Th is cone is three-dimensionally preserved as a 
cast and does not appear to be fl attened or otherwise altered during 
preservation. It measures 17.8 mm in diameter with a small central 
axis 1.5 mm in diameter, around which tightly imbricated cone 
scales are arranged. As in conifers generally, these cone scales rep-
resent bract-scale complexes where a bract subtends a modifi ed 
shoot, called an ovuliferous scale, which produces seeds. Ovulifer-
ous scales in this particular cone are wedge-shaped and measure 
between 7 and 8 mm in length by 6.5-8 mm in width. As in isolated 
ovuliferous scales (see paragraph below), three lobes are visible, i.e., 

  

  FIGURE 4   Pararaucaria taquetrensis  Escapa et Leslie. (A) Vegetative branch 

with  Brachyphyllum -type foliage. MPEF-Pb 1869. Scale Bar = 10 mm. (B) 

Cone from  Fig. 2A  attached to Brachyphyllum-type foliage. MPEF-Pb 

1893a. (C) Vegetative branch with Brachyphyllum-type foliage. MPEF-Pb 

1884. Scale bar = 20 mm.   

(D) Isolated ovuliferous scale where the plane of section passes through the central pocket, showing impressions of two seeds with the base of the 

central lobe compressed and fl attened over the lateral lobes. MPEF-Pb 2088. Scale bar = 3 mm. (E) Counterpart of (D), where the specimen shows the 

underside of the upper surface of the ovuliferous scale. In this case, there appears to be a single large central area, which corresponds to the entire 

pocket housing the seeds. MPEF-Pb 1903. Scale bar = 3 mm. (F) Isolated ovuliferous scale showing three distal lobes. MPEF-Pb 2145. Scale bar = 3 mm. 

(G) Isolated ovuliferous scale in adaxial view showing broad central region. In this specimen, distal lobes are not preserved. MPEF-Pb 1908. Scale bar 

= 3 mm (H) Large ovuliferous scale. MPEF-Pb 1889. Scale bar = 3 mm. Note: ax = central axis; cl = central lobe of the ovuliferous scale; ll = lateral lobe 

of the ovuliferous scale; ov = ovule; sc = ovuliferous scale.   

←
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two lateral lobes and one broad central lobe ending in a pointed 
apex ( Fig. 3A ). Th e bract-scale complexes also appear to form a 
helix; poor preservation makes this diffi  cult to observe defi nitely 
but there is no evidence of a true decussate arrangement or of any 
other phyllotaxy. 

 Ovuliferous scales —   Isolated ovuliferous scales measure 6.6–13.7 mm 
in length by 6.25–11.8 mm in width. Th ey are cuneate in outline 
with three lobes fused for approximately 3/4 or more of their 
length ( Fig. 3C-H ). Th e unfused portions of the three lobes are 
arranged in two ranks, with a central lobe positioned above two 
lateral lobes ( Fig. 3D, F ). Th e central lobe has a pointed apex and 
measures between 0.5 and 1.0 mm in height by 2–4 mm in width, 
while lateral lobes are generally more rounded and measuring be-
tween 0.5 and 1.0 mm in height by 2–3 mm in width ( Fig. 3C, D, F ). 
It can be diffi  cult to consistently determine the relative position 
and size of the lobes, however, because of diff erences in preserva-
tion coupled with the partial three-dimensional nature of the 
specimens. Th e specifi c plane of section through the specimen 
may expose diff erent parts of the scale depending on where it 
passes through, and the scale itself may be partially deformed by 
compression prior to fossilization. For example, the part and 
counterpart of one specimen ( Fig. 3D, E ) is broken through the 
middle of the scale; the counterpart shows little evidence of loba-
tion because it represents the upper, or adaxial, surface of the 
ovuliferous scale with the remains of only the central, highest, 
lobe ( Fig. 3E ). Th e lateral lobes, which occur below the central 
lobe, are only visible in the part ( Fig. 3D ) and which also appears 
to be partially fl attened as well, based on the visible crease be-
tween the base of the central lobe and the distal ends of the lateral 
lobes ( Fig. 3D ). 

 Seeds —   Seeds are preserved in three of the isolated ovuliferous 
scales; in all known cases two seeds are present per ovuliferous scale 
( Fig. 3C, D ) although we cannot rule out the possibility that single 
seeds were produced in some fraction of the scales. A broad, wedge-
shaped central depression measuring 4.7–5.7 by 4.0–5.1 mm is also 
present on many of the ovuliferous scales ( Fig. 3E, G, H ). Th is de-
pression housed the seeds and is located in roughly the center of the 
ovuliferous complex, although it is deepest distally where it forms a 
steep indentation that abuts the distal end of the ovuliferous scale 
( Figs. 2D, 3D ). Individual seeds measure 3.9 mm long by 2.2 mm 
wide, and are positioned within the central pocket so that their cha-
lazal ends point somewhat laterally, away from the midline of the 
ovuliferous scale ( Fig. 3C, D ). 

 Vegetative remains—  Branches with attached foliage similar to 
that found in organic connection with seed cones (see  Fig. 2A ) are 
common in the Taquetrén localities ( Fig. 4A, B ). We assign them 
to the form genus  Brachyphyllum  due to their relatively short, 
imbricated, and tightly clasping leaves. Th is foliage consists of 
impressions of ramifying axes with up to three orders of branching. 
Th ese branches are relatively thick, with ultimate twigs between 
2–4 mm in diameter when including the thick decurrent leaf 
bases. All orders of preserved branching bear helically arranged, 
imbricated, and tightly clasping scale leaves. Leaves measure 
1.8–3.0 mm long by 1.8–2.7 mm wide, and have a pointed apex 
and apparently smooth margins, although preservation of the 
leaves is not great. Cuticle and stomata are not preserved in the 
foliage specimens. 

 Assignment to  Pararaucaria  —   Th e genus  Pararaucaria  originally 
included only permineralized seed cones ( Wieland, 1929 ,  1935 ; 
 Stockey, 1977 ) and some of the diagnostic characters for the genus 
relate to anatomical features that are not preserved in  P. taquetrensis . 
Nevertheless, we are confi dent in assigning this material to  Para-
raucaria  due to its morphological similarity with previously de-
scribed permineralized species from Patagonia ( Escapa et al., 2012 ; 
 Escapa et al., 2013 ), and thus expanding the concept of the genus to 
include impressions and molds. Th is assignment is primarily based 
on the morphology of the ovuliferous scale, particularly the pres-
ence of three broad distal lobes, a feature that is unique to  Pararau-
caria  among described Cheirolepidiaceae ( Clement-Westerhof and 
van Konijnenburg-van Cittert, 1991 ;  Kvaček, 2000 ;  Del Fueyo et al., 
2008 ;  Escapa et al., 2012 ). Like other described permineralized  Par-
araucaria  ( Escapa et al., 2012 ;  Escapa et al., 2013 ), the lateral lobes 
of  P. taquetrensis  are slightly abaxial to the central lobe, and they 
are partially fused to it as well ( Figs. 3D, F ;  5 ).   

 Th is material is also consistent with  Pararaucaria  and in other 
respects, including the small overall size of the seed cones and their 
roughly cylindrical shape, a proportionally thin central cone axis, a 
prominent bract that is separated from the ovuliferous scale for 
most of its length, the presence of one or two seeds in a centrally 
located depression on the ovuliferous scale. Although ovuliferous 
scales in  P. taquetrensis  do not obviously show the “pocket-forming 
tissue” characteristic of Cheirolepidiaceae (see  Clement-Westerhof 
and van Konijnenburg-van Cittert, 1991 ;  Escapa et al., 2012 ), we 
would not expect to clearly see this delicate tissue given the preser-
vation mode of these fossils. With the assignment to  Pararaucaria , 
these fossils extend the range of this genus to the Lower Jurassic 
(most likely to the Pliensbachian), and provide the earliest macro-
fossil evidence of Cheirolepidiaceae reproductive structures in 
South America. Th e age of this material is also consistent with other 
aspects of the Cheirolepidiaceae fossil record from the Southern 
Hemisphere, including pollen cones ( Classostrobus  species) from 
the Early Jurassic (Toarcian) of Antarctica ( Hieger et al., 2015 ) and 
the appearance of cheirolepidiaceous pollen ( Classopolis ) in the 
Southern Hemisphere in the Late Triassic and Early Jurassic (see 
e.g.,  Quattrocchio et al., 2011 . 

 DISCUSSION 

 Comparison to Cheirolepidiaceae —    Pararaucaria taquetrensis  is 
similar in its general morphology to other  Pararaucaria  species, but 
it diff ers in size. Among South American species,  Pararaucaria 
patagonica  Wieland from the Middle-Late Jurassic La Matilde 
Formation of Santa Cruz Province of Argentina ( Wieland, 1929 ; 
 Stockey, 1977 ) is larger than  P. taquetrensis , measuring up to 5 cm 
long and up to 2.6 cm wide ( Stockey, 1977 ). Likewise, seed cones of 
 P. delfueyoi  from the Late Jurassic Cañadón Calcáreo Formation of 
Chubut Province ( Escapa et al., 2013 ) are up to 8 cm long by 4 cm 
wide, with ovuliferous scales approximately twice the width of 
 P. taquetrensis  ( Escapa et al., 2013 ). Th e largest isolated  P. taquetrensis  
ovuliferous scale (13.7 mm long) suggests that some cones of this 
species may have reached up to 3 cm in width, but most dispersed 
scales are much smaller. Among Northern Hemisphere species, 
 Pararaucaria carrii  Stockey and Rothwell from the Middle Jurassic 
(Callovian) of Oregon ( Stockey and Rothwell, 2013 ) also appears to 
be larger than  P. taquetrensis , with a central axis up to 3.5 mm in 
diameter. Like many permineralized conifer cones, the true size of 



 8   •    A M E R I C A N J O U R N A L O F B OTA NY 

this species is incompletely known because its surface was abraded 
prior to fossilization.  Pararaucaria collinsonae  Steart, Spencer, 
Kenrick, Needham & Hilton from the Late Jurassic (Tithonian) of 
England ( Steart et al., 2014 ) is also abraded, but in this case the spe-
cies appears to have had smaller cones than  P. taquetrensis;  they 
were unlikely to be more than 1.5 cm in length or width ( Steart et al., 
2014 ). Finally, an unnamed  Pararaucaria  species from the Late 
Jurassic Morrison Formation of Utah, USA (Morphotype 5;  Gee 
et al., 2014 ) is close in size to  P. taquentrensis , but it appears to be 
somewhat larger (central cone axis around 2.5 mm in diameter 
with seeds around 5 mm long). 

 In comparison to other Cheirolepidiaceae,  Pararaucaria  diff ers 
from all other genera in having fewer and less clearly distinct 

ovuliferous scale lobes ( Fig. 6 ).  For example, the younger Patago-
nian Cheirolepidiaceae genera  Kachaikestrobus  and  Tomaxellia  
from the Early Cretaceous of Santa Cruz Province both have either 
four or fi ve lobes rather than three ( Archangelsky, 1968 ;  Del Fueyo 
et al., 2008 ). Late Triassic  Pseudohirmeriella  from North America 
had fi ve pointed lobes arranged in a single rank ( Axsmith et al., 
2004 ) and the well-known Late Triassic—Middle Jurassic European 
genus  Hirmeriella  has two sets of lateral lobes in addition to a small 
central lobe on its ovuliferous scale ( Clement-Westerhof and van 
Konijnenburg-van Cittert, 1991 ). Seed cones of  Alvinia bohemica  
(Velenovský) Kvaček  from the Cenomanian of Europe ( Kvaček, 
2000 ) have ovuliferous scales with a similar arrangement, although 
the specifi c morphology of the lobes is distinctive and may refl ect 
specialized pollination biology. Despite these diff erences,  Pararau-
caria  species share a number of basic structural similarities with 
other Cheirolepidiaceae seed cones that suggest they belong to the 
same lineage. In particular, their bract and ovuliferous scales are 
separated across their length, their ovuliferous scales appear to 
be shed as units because they are commonly found isolated and 
not associated with bracts (see  Clement-Westerhof and van 
Konijnenburg-van Cittert, 1991 ), and they all possess a similar 
fl ap of “pocket-forming tissue” that loosely covers the seeds. Even 
stronger evidence of a cheirolepidiaceous affi  nity for  Pararaucaria  
would be provided by pollen (the presence of  Classopollis ) and 
cuticular morphology (Florin rings around a sunken stomatal pit), 
but these are not currently known. 

 Comparison to other conifers —    Pararaucaria  cones and bract 
scale complexes are morphologically distinctive from those of 
every major conifer clade (including the Cupressaceae, Pinaceae, 
Podocarpaceae, Sciadopityaceae, and Taxaceae) except the Arau-
cariaceae, which also have wedge-shaped complexes whose seeds 
are covered by fl aps of tissue. Th e central lobe of the  Pararaucaria  
ovuliferous scale can also be easily confused with the free tip of the 
ovuliferous scale (oft en referred as the ‘ligule’) in  Araucaria , fur-
ther contributing to potential misidentifi cation. In fact, the fi rst 
publications of the Taquetrén flora described isolated conifer 
cone scales identical to  Pararaucaria taquetrensis  as  Araucarites  
( Bonetti, 1964 ;  Herbst and Anzótegui, 1968 ; see  Fig. 5A, B ), a form 
genus used for bract-scale complexes belonging to Araucariaceae 
( Pant and Srivastava, 1968 ;  Mildenhall and Johnston, 1971 ;  Zijlstra 
and van-Konijnenburg van-Cittert, 2000 ). Th e gross morphologi-
cal similarities among these taxa are misleading, however; the iso-
lated cone scales of  Pararaucaria taquetrensis  are the ovuliferous 
scales alone while those of  Araucarites  and other Araucariaceae 
are the remains of the entire bract-scale complex, where the bract 
and ovuliferous scale are fused for nearly their entire length. Th e 
apparent central lobe of some  Araucarites  and modern  Araucaria  
bract-scale complexes then represents the remains of a small, un-
fused portion of the ovuliferous scale, while the basic shape of the 
complex refl ects the morphology of the bract. Unambiguous arau-
carian bract-scale complexes are also typically larger than Cheiro-
lepidiaceae scales, and have more tissue between the central seed 
body and the distal margin of the complex. In contrast, the seed 
pocket of  Pararaucaria  is more centrally located because there 
is little scale tissue either distal or proximal to the seed. Finally, 
 Pararaucaria  may contain two seeds rather than one as in all 
extinct and extant Araucariaceae genera, although as noted above, 
the number of seeds can be diffi  cult to determine from impres-
sions of  Pararaucaria  scales. 

  

  FIGURE 5  Previously described and illustrated specimens synonymous 

with  Pararaucaria taquetrensis . (A)  Araucarites sp . ( Herbst and Anzótegui, 

1968 ), specimen CTES-PB 113. (B)  Feruglio sp . ( Bonetti, 1964 ), specimen 

BA Pb 7785. Note: cl = central lobe of the ovuliferous scale; ll= lateral lobe 

of the ovuliferous scale.   
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 Th e basic diff erences in the structure of bract-scale complexes 
between Araucariaceae and all Cheirolepidiaceae, particularly in 
terms of the degree of fusion between the ovuliferous scale and 
the bract, suggest that these are distinctive lineages and that  Para-
raucaria  is more closely related to the Cheirolepidiaceae. Beyond 
individual bract-scale complexes, Araucariaceae also diff er in repro-
ductive morphology from Cheirolepidiaceae. Araucariaceae cones 
typically have a thick axis with a large pith that contributes to their 
generally globose shape, while in contrast, Cheirolepidiaceae oft en 
have cylindrical cones (at least among the larger species) with 
a very thin central cone axis ( Stockey, 1977 ;  Escapa et al., 2012 ). 
Araucariaceae seed cones are also generally larger than those of 
Cheirolepidiaceae, although individual Araucariaceae bract-scale 
complexes are proportionally smaller relative to the whole seed 
cone. Th is generates distinctive diff erences in phyllotaxy between 
the groups; for example, the numerous, relatively small Araucaria-
ceae bract-scale complexes form clear parastiches (see  Stockey, 
1978 ) while these are not as visible in  Pararaucaria , where the bract 
scale complexes almost appear to form orthostiches as if the scales 
were decussate ( Fig. 2A, B ; 7A, B).  Such diff erences in cone struc-
ture and phyllotaxy may be important for distinguishing Cheiro-
lepidiaceae from Araucariaceae in future studies of compression or 
impression material. 

 Broader Implications —   Th e specimens from the Lonco Trapial For-
mation illustrate the importance of comparing permineralized and 
compression/impression fossils, as the initial determination that 
this material belonged to the Cheirolepidiaceae rather than the 
Araucariaceae was based on comparison to permineralized  Para-
raucaria  cones from the Late Jurassic ( Fig. 7 ). Permineralized 
specimens suggested that the overall shape and distinctive phyllo-
taxy of the impression cones ( Fig. 7A-D ) were more consistent with 

Cheirolepidiaceae than Araucariaceae, which then allowed us to 
reinterpret of the morphology of the isolated cone scales as three 
lobes of an ovuliferous scale ( Fig. 7A ) rather than as an araucarian 
bract-scale complex with a central “ligule”. Potential confusion be-
tween the reproductive structures of Araucariaceae and Cheirolepi-
diaceae is also exacerbated by preservation as compressions or 
impressions, which can obscure relevant information like the pres-
ence of lobes and “pocket-forming tissues” needed to distinguish 
the groups. Our results imply that at least some  Araucarites  may 
actually belong to  Pararaucaria  or to  Pararaucaria -like Cheirolepi-
diaceae, and that careful measurements of the size and relative po-
sition of the seeds are necessary to distinguish between the groups. 
Just as the insight that permineralized  Pararaucaria  belonged to 
the Cheirolepidiaceae ( Escapa et al., 2012 ) was followed by wider 
recognition of the genus in other permineralized cones ( Escapa 
et al., 2013 ;  Stockey and Rothwell, 2013 ;  Steart et al., 2014 , identify-
ing the compression/impression form of  Pararaucaria  and distin-
guishing it from  Araucarites  may facilitate a wider recognition of 
the genus and therefore a better understanding of its temporal and 
ecological range. 

 Properly identifying Cheirolepidiaceae in the compression re-
cord will provide a clearer picture of the relative diversity and 
abundance of major Mesozoic conifer groups in fossil fl oras. Th is is 
important from a paleoecological perspective because diff erent co-
nifers are oft en thought to indicate diff erent environmental condi-
tions; the Cheirolepidiaceae in particular are oft en associated with 
indicators of high temperature, water stress, and salinity ( Alvin, 
1982 ;  Watson, 1988 ;  Axsmith and Jacobs, 2005 ;  Moreau et al., 
2015 ). Distinguishing between Cheirolepidiaceae and Araucaria-
ceae in a given fossil assemblage may then substantially alter the 
paleoecological interpretation of a given fl ora, although care must 
be taken with such an assessment because Cheirolepidiaceae are 

  FIGURE 6  Comparison of ovuliferous scale morphology in selected Cheirolepidiaceae. (A)  Pararaucaria taquetrensis . (B)  Pararaucaria patagonica  (after 

 Escapa et al., 2012 ). (C)  Kachaikestrobus acuminatus  Del Fueyo, Archangelsky, Llorens & Cúneo, (after  Del Fueyo et al., 2008 ). (D)  Tomaxellia biforme  

 Archangelsky  (after  Archangelsky, 1968 ). (E)  Hirmeriella muensteri  (Schenk) Jung (after  Clement-Westerhof and van Konijnenburg-van Cittert, 1991 ). (F) 

 Alvinia bohemica  (Velenovský) Kvaček (after Kvaček ). (G)  Pseudohirmeriella delawarensis  Axsmith, F.M. Andrews & N.C. Fraser (after  Axsmith et al., 2004 ). 

Ovuliferous scales are now shown to scale, and bracts are not illustrated. Seeds are indicated in light gray.   
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  FIGURE 7  Comparison of  Pararaucaria taquetrensis  to permineralized  Pararaucaria delfueyoi . Note the similarity in the phyllotaxy of the cones, the 

visible separation between the bracts and the ovuliferous scales, and the similarity in the relation position of the seed on the ovuliferous scale. (A) 

 Pararaucaria delfueyoi.  MPEF-Pb 1953. Scale bar = 5 mm. (B)  Pararaucaria taquetrensis.  MPEF-Pb 1893a. Scale bar = 3 mm. (C)  Pararaucaria delfueyoi . 

Scale bar = 3 mm. (D)  Pararaucaria taquetrensis.  MPEF-Pb 1894a. Scale bar = 3 mm (E) MPEF-Pb 1954.  Pararaucaria delfueyoi . Scale bar = 5 mm. (F) 

 Pararaucaria taquetrensis.  MPEF-Pb 1903. Scale bar = 3 mm.   
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not uniform in their ecology and may appear in wetter environ-
ments as well (see e.g.,  Upchurch and Doyle, 1981 ). Th is appears to 
be the case in Taquetrén itself, where  Pararaucaria  occurs in asso-
ciation with a high diversity of ferns, seed ferns, and early members 
of Cupressaceae that suggest a fairly mesic environment. Regard-
less of their exact ecology, our material shows that Cheirolepidia-
ceae were a component of Patagonian forests by the Early Jurassic. 

 From a phylogenetic perspective, the shoots, leaves, and seed 
cones preserved here in organic connection provide an important 
step toward reconstructing the  Pararaucaria  plant. Such whole-
plant reconstructions are crucial for morphological phylogenetic 
analyses because they provide much richer and more complete 
character information for taxa, which help to increase resolution 
and support for phylogenetic relationships. Although a more de-
tailed understanding of  Pararaucaria  cuticular morphology and 
leaf anatomy would be ideal, the present material shows that at least 
some species of  Pararaucaria  produced scale-leaf foliage on rami-
fi ed branches.  Pararaucaria  is then similar in overall vegetative 
morphology to known Cheirolepidiaceae, despite its reduced ovu-
liferous scale with only three lobes. Th is material further suggests 
that Cheirolepidiaceae with reduced ovuliferous scales appear in 
the fossil record at nearly the time as those with more complex 
scales such as  Hirmeriella , which makes it diffi  cult to assess the 
likely ancestral state for the group. A reduced ovuliferous scale with 
only a few lobes is similar to some Triassic “voltzialean” conifers 
such as  Telemachus  ( Escapa et al., 2010 ;  Bomfl eur et al., 2013 ). 
Whether this implies any direct relationship is unclear, but better 
reconstructions of fossil taxa are a necessary step in untangling the 
phylogenetic relationships among the Cheirolepidiaceae, Arauca-
riaceae, “voltzialeans,” and conifers more generally. Th e  Pararau-
caria taquetrensis  material described here provides an important 
step in that direction by linking vegetative and reproductive organs 
for the fi rst time. 

 CONCLUSIONS 

 Given the age of the Taquetrén localities (well-constrained to be 
Early Jurassic and most likely Pleinsbachian),  Pararaucaria taquet-
rensis  represents the earliest known Cheirolepidiaceae seed-cone 
macrofossils in South America, and they are among the oldest 
known seed-cone macrofossils for the group as a whole. Th ese fos-
sils expand the temporal range of the  Pararaucaria  genus to the 
Lower Jurassic, and they show for the fi rst time an organic connec-
tion between seed cones of this genus and  Brachyphyllum -type 
scale-leaf foliage. Th is material highlights the need to link compres-
sion and impression remains of conifers with permineralized coun-
terparts, to more fully understand the morphological, spatial, and 
temporal distribution of taxa. Th is material also suggests that iso-
lated seed cone scales of Araucariaceae and Cheirolepidiaceae may 
easily be confused, which has important implications for under-
standing broad conifer diversity patterns and paleoecological 
interpretations. 
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