
1. Introduction
Recent studies of several Cretaceous sections from the 
Brazilian continental margin (Alves et al., 2017; Lima 
et al., 2018, 2019; Viviers et al., 2018; Sanjinés et al., 
2019, 2022) have shown the importance of a more de-
tailed study of some Nannoconus species that are sig-
nificant biostratigraphic markers and paleoecological 
indicators for the Early Cretaceous. This is particularly 
true for Brazilian sedimentary basins where those nan-
nofossils are used to provide a regional biostratigraphic 
framework and paleoecological reconstructions across 
the Aptian and Albian intervals (Troelsen & Quadros, 
1971; Cunha, 1990a,b; Antunes, 1996; Cunha & Shima-
bukuro, 1997; Cunha & Koutsoukos, 1998; Alves et al., 
2017).

In this investigation, the species Nannoconus fragilis, 
N. quadriangulus quadriangulus, and N. quadriangulus 

apertus were re-evaluated from a morphometric point of 
view. The analyzed material comes from the Aptian and 
Albian carbonate to mixed post-salt section in 38 wells 
drilled by PETROBRAS along the Brazilian continen-
tal margin. These nannofossils were selected due to the 
need to better understand their taxonomy, chronostrati-
graphic distribution, and potential biostratigraphic value 
in the Aptian–Albian interval. Using previous studies, 
morphometric analyses, and new taxonomic criteria, this 
study contributes to the development and improvement 
of a biostratigraphic framework for the Aptian–Albian 
of the Brazilian continental margin.
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Abstract We present a comprehensive morphometric and biostratigraphic analysis of Nannoconus specimens 
obtained from 38 wells drilled by PETROBRAS along the Brazilian continental margin. The morphometric analysis 
of 107 specimens of Nannoconus fragilis, N. quadriangulus quadriangulus, and N. quadriangulus apertus resulted 
in the identification of parameters allowing better separation of the taxa based on their original definitions and later 
emendations. This study suggests that N. quadriangulus quadriangulus and N. quadriangulus apertus are restricted 
to the Aptian, as their geological range is directly correlated with the interval encompassed by the Globigerinelloides 
ferreolensis and Paraticinella rorhi foraminifera biozones. Nannoconus fragilis appears to be limited to the Albian 
as it consistently occurs within the Microhedbergella renilevis through Ticinella primula foraminifera biozones. The 
biochronostratigraphic distribution of these taxa along the Brazilian margin is consistent with previous studies from 
other regions.  
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2. Historical studies of Nannoconus 
2.1. Morphometric studies
Brönnimann (1955) built on the first studies of Nannoconus 
(de Lapparent, 1925; Kamptner, 1931, 1938; Colom, 1945) 
to establish a classification based on their morphological 
attributes. The diagnostic characteristics of the group ob-
served in longitudinal sections of the specimens included 
the outline and dimensions of the test, central opening and 
presence of a canal (<1 μm aperture) or cavity (>1 μm), 
thickness and composition of the walls, and position and 
diameter of the apertures (apical and basal). Brönnimann 
(1955) also considered the cross sections (plan view) of the 
nannoconids to better characterize the central canal (<1 μm) 
or cavity (>1 μm) and wall thickness and structure.

Trejo (1960) confirmed the revision of Brönnimann 
(1955), particularly the characteristics of the thickness 
and structure of walls. The author also highlighted the use 
of cross-polarized light under the optical microscope for 
better resolution of specific structures, such as the spiral 
lines of the walls in longitudinal view. In the same work, 
Trejo (1960) established a classification key for some nan-
noconid species (N. steinmannii, N. bermudezi, N. elonga-

tus, N. bronnimannii, N. minutus, N. truittii, N. globulus, 
N. bucheri, N. kamptneri, N. colomii, N. wassallii, and 
N. bonetii) based on multiple combinations of the mor-
phology of the central opening (spherical, suboval, sub-
cone, piriform, globular, or cylindrical), morphology of 
the outline of the nanoconnid (conical, circular, suboval, 
piriform, subrectangular, or rectangular), proportion of the 
diameter of the central opening to the wall thickness, and 
proportion of the length to the maximum width of the test.

Báldi-Beke (1962) considered the outline of the test 
and the central opening as the most important criteria for 
the taxonomic determination of nannoconids. The works 
of Noël (1959, 1965) proposed as a biometric parameter 
the ratio between the maximum and the minimum diam-
eter of some nannoconids (N. steinmanni, N. colomi, N. 

kamptneri, N. bermudezi, N. cf. N. globulus, N. elonga-

tus, N. truittii, N. wassalli, and N. bucheri). Deflandre & 
Deflandre-Rigaud (1962, 1967) studied some Aptian nan-
noconids (N. carniolensis, N. calpidomorphus, N. boletus 

boletus, N. boletus curtus, N. inconspicuus, N. quadrian-

gulus, and N. quadriangulus apertus). The authors applied 
the diagnostic features proposed by Brönnimann (1955) 
and Trejo (1960), together with the width and the type of 
aperture at the poles. These characteristics were also later 

used by Barrier (1977).
Bouché (1965) used only four of the morphological 

attributes used previously by Trejo (1960) and Deflandre 
& Deflandre-Regaud (1962) to discriminate various spe-
cies of Nannoconus: outline of the test, wall thickness, 
morphology of the poles, and development of the central 
opening. Moshkovitz (1972) used these four attributes, in 
addition to the following parameters for biometric studies: 
diameter of the central opening, length of the test, maxi-
mum and minimum diameter of the test, and proportion of 
the diameter of the central opening to the maximum diam-
eter of the test. Deres & Achéritéguy (1972, 1980) used 
some of the same morphological criteria for determination 
of morphogroups, including morphology of the outline of 
the nannoconids (piriform, conical, square, subspherical, 
or rectangular), proportion of the wall thickness to the 
width of the central opening (≤1 or >1), and proportion 
of the length to the maximum diameter (≥1 or <1) of the 
test. However, they also used the presence of a flange and, 
consequently, thickening or enlargement of one or both 
poles of the nannoconid as a key criterion.

Aubry (1974) conducted a morphometric study 
of several species of Nannoconus (N. elongatus, N.                           

minutus, N. multicadus, N. truittii truittii, N. dauvillieri, 
and N. farinacciae). She used the following characteristics 
to discriminate different species: outline and dimensions 
of the test, diameter and morphology of the central open-
ing, morphology of the poles, maximum and minimum           
diameter of the test, and architecture of the wall. Accord-
ing to van Niel (1992), the crystallography of the walls 
plays a fundamental role in the morphology of nannoco-
nids. The author systematically studied characteristics of 
the crystals of the nannoconids, including the dimensions 
of the crystals, the inclination of the crystals (angles α and 
β), and width of the crystallographic cycles (cycles A and 
B) to distinguish five morphogroups.	

Özkan-Altiner (1999) incorporated some characteris-
tics of nannoconid crystallography in the revision of many 
Nannoconus species (N. bermudezii, N. bonetii, N. bu-

cheri, N. carniolensis, N. cornuta, N. elongatus, N. globu-

lus globulus, N. grandis, N. inconspicuus, N. kamptneri 

kamptneri, N. kamptneri minor, N. minutus, N. multicadus, 
N. quadriangulus quadriangulus, N. quadriangulus aper-

tus, N. steinmannii minor, N. truittii truittii, N. truittii fre-

quens, N. vocontiensis, and N. wassallii). The parameters 
used for species classification included external morphol-
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ogy of the test, diameter of the central opening (presence 
of cavity or canal), morphology of the poles, proportion of 
the diameter of the central opening to the wall thickness 
of the test, proportion of the diameter of the length to the 
width of the test, and crystallography of the walls.

Bralower et al. (1989) and later Casellato (2010) in-
vestigated the evolution of nannoconids in the late Ti-
thonian–earliest Berriasian based on morphological                                      
parameters such as external shape (spherical, subspherical, 
conical, or subconical), length, maximum width, diameter 
of the central opening, and size variation within individual           
species. Tremolada & Young (2002) and Bornemann et 
al. (2003) conducted studies where they estimated the vol-
ume of various calcareous nannofossils, including some                         
Nannoconus species. These estimates were obtained based 
on calculations of the maximum and minimum diameter, 
diameter of the central opening, wall thickness, length, and 
external shape of the specimen. Most recently, Barbarin et 
al. (2012) used the length, width, minimum and maximum 
diameters, and central opening to distinguish some species 
of Nannoconus. The comparisons of the main morphomet-
ric parameters used for study of nannoconids as reported 
in the literature are summarized in Table 1.

2.2. Biostratigraphic studies
Nannoconus fragilis and the subspecies of Nannoconus 

quadriangulus have been identified in many mid-Creta-
ceous sections from around the world. Here we briefly 
summarize studies documenting these taxa, followed by a 
summary of studies from the Brazilian margin (Figure 1). 

2.2.1 Nannoconus fragilis
The species N. fragilis was described by Deres &         
Achéritéguy (1980); however, it was previously illus-
trated by Deres & Achéritéguy (1972) as “Nannoconus 
sp. 93” and its stratigraphic distribution attributed exclu-
sively to the Albian. Perch-Nielsen (1985) also indicated 
an Albian stratigraphic distribution and presented illus-
trations of  N. fragilis. Lambert & Laporte-Galaa (1996) 
suggested two evolutionary schemes for N. quadriangu-

lus and N. fragilis. The first hypothesized an evolutionary 
transition from N. quadriangulus to N. fragilis across the 
Aptian/Albian boundary, with possible coexistence for a 
short time. The second hypothesis suggested a short co-
existence of these nannoconids during the earliest Albian. 
However, in their conclusions, Lambert & Laporte-Galaa 

(1996) adopted the biostratigraphic distribution of Deres 
& Achéritéguy (1980), with N. quadriangulus restricted to 
the Aptian and N. fragilis to the Albian. In the Nannotax 
database (Young et al., 2023), N. fragilis is included in the 
Nannoconus circularis group and its geological range is 
restricted to the Albian, following Perch-Nielsen (1985).

Kaiser-Weidich & Schairer (1990), in an integrated 
study including ammonites, calpionellids, and nannoco-
nids in the Northern Alps (Switzerland), inferred an Al-
bian age for N. fragilis. Kennedy et al. (2000) presented 
an integrated stratigraphy of the Aptian–Albian interval 
in sections from France with a sporadic distribution of 
nannoconids. They suggested that their occurrence and 
preservation were probably controlled by paleoenviron-
mental factors such as changes in temperature and/or 
surface water productivity. Nannoconus fragilis was only 
listed in the nannofossil distribution charts and present in 
a few Albian samples in that study. Jeremiah (2001) pro-
posed a biozonation based on nannofossils from the Lower 
Cretaceous of the North Sea Basin. He reported sporadic 
occurrences of poorly preserved N. fragilis in a few Bar-
remian/Aptian samples; however, he did not include any 
illustrations of N. fragilis. Herrle (2003) and Bornemann 
et al. (2005) identified N. fragilis in the lower Albian of 
the Vocontian Basin (France) in association with other 
nannoconids. 

Verdenius (1993) reported the occurrence of N.         
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MORPHOMETRIC ATTRIBUTES

Table 1: Comparison of the main morphological characteristics of nan-
noconids used for differentiation by various authors.
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Figure 1: Summary of biostratigraphic studies of Nannoconus fragilis and N. quadriangulus by age and region (see text for details).
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fragilis in sediments from the Campanian section of St. 
Ann’s Great River (Jamaica) and considered N. fragilis 
as a reworked Albian nannofossil. Watkins et al. (2005) 
correlated calcareous nannofossil events with the stable 
isotope record in a Cretaceous section of Ocean Drilling 
Program (ODP) Hole 1052E (Blake Nose, western North 
Atlantic). In that study, they identified the last occurrence 
of N. fragilis very close to the Albian/Cenomanian bound-
ary, as previously indicated by Perch-Nielsen (1985). 

Al-Fares et al. (1998) established a regional biozona-
tion for the coast of Kuwait that also restricted the dis-
tribution of N. fragilis to the Albian. Mahanipour et al. 
(2011) recorded N. fragilis in the Aptian of the Kopet 
Dagh Basin (Iran), although Robert et al. (2014) indicated 
an Albian age for the same region (NE Iran). In the Kuwait 
coastal area, van Buchem et al. (2011), Youssef & Kadar 
(2012), and Youssef et al. (2019) confirmed previous find-
ings of Al-Fares et al. (1998) and used N. fragilis as an 
index fossil for the Albian. Hassanein (2016) recorded rare 
occurrences of N. fragilis in the Albian interval of an Ap-
tian–Albian outcrop section in the Agadir-Essaouira Basin 
(Morocco).

2.2.2. Nannoconus quadriangulus
Nannoconus quadriangulus is represented by the subspe-
cies N. quadriangulus quadriangulus and N. quadrian-

gulus apertus, although some studies do not distinguish 
between the two subspecies.

Nannoconus quadriangulus and N. quadriangulus    

apertus were described by Deflandre & Deflandre-Rigaud 
(1962), where their holotypes were represented by il-
lustrations. The diagnoses of the species were later pub-
lished by Deflandre & Deflandre-Rigaud (1967). Bouché 
(1963) identified N. quadriangulus and N. quadriangulus           

apertus in his work on the nannoconids of the Early Cre-
taceous and Farinacci (1969) compiled the information 
of Deflandre & Deflandre-Rigaud (1962, 1967). Deres & 
Achéritéguy (1972) summarized the chronostratigraphic 
distribution of many species of Nannoconus and indicated 
a late Aptian age for N. quadriangulus quadriangulus and 
N. quadriangulus apertus. Barrier (1977) confirmed the de-
scriptions of Deflandre & Deflandre-Rigaud (1967) for N. 

quadriangulus and recorded the two subspecies in the up-
per Aptian in southeast France. Longoria (1977) proposed 
a biostratigraphic framework for the Early Cretaceous of 

the Nuevo León region (Mexico) in which N. quadriangu-

lus is present from the lower Aptian to the upper Albian. 
Deres & Achéritéguy (1980) presented a global strati-
graphic scheme based on nannoconids and reaffirmed the 
morphological classification and biostratigraphy proposed 
in Deres & Achéritéguy (1972). Perch-Nielsen (1985) fol-
lowed the scheme of Deres & Achéritéguy (1980) for her 
illustrations, terminology, and stratigraphic distribution 
of N. quadriangulus quadriangulus and N. quadriangulus 

apertus, indicating a distribution restricted to the Aptian. 
According to the Nannotax database (Young et al., 2023), 
N. quadriangulus quadriangulus and N. quadriangulus 

apertus are included in the Nannoconus truittii group and 
their geological range is restricted to the Aptian, following 
Perch-Nielsen (1985).

 Since the original descriptions of N. quadriangulus and 
N. quadriangulus apertus were published and initial work 
conducted to delineate their stratigraphic occurrence, there 
have been many studies that identify these taxa in outcrops 
and marine sediments from around the world. Watkins and 
Bowdler (1984) reported the occurrence of N. quadrian-

gulus in the Gulf of Mexico (Deep Sea Drilling Project 
[DSDP] Site 535) in the upper Aptian. Longoria (1984) 
established a Cretaceous biochronology for the Gulf of 
Mexico based on planktonic microfossils and indicated 
the occurrence of N. quadriangulus as exclusively Aptian 
in that region. Wiegand (1984) studied the calcareous nan-
nofossils of DSDP Site 545 (eastern Atlantic Ocean off the 
coast of Morocco). He indicated that N. quadriangulus and 
N. quadriangulus apertus are present in the lower part of 
the Rhagodiscus angustus Zone of Manivit (1971) modi-
fied by Thierstein (1973) and probably late Aptian in age. 
Watkins and Verbeek (1988) reported N. quadriangulus in 
the Albian interval from the Northeast Providence Chan-
nel (ODP Hole 635B, Bahamas), although this species was 
listed only in the distribution table. Verdenius (1993) re-
ported N. quadriangulus in material from the Campanian 
section of St. Ann’s Great River (Jamaica) and considered 
this occurrence as reworked from the Aptian.

Rutledge (1994) cited the occurrence of N. quadrian-

gulus in an assemblage with other Aptian nannofossils in-
cluding Micrantholithus spp. and Farhania varolii in the 
Norwegian Barents Sea. Aarhus et al. (1986) reported a 
single occurrence of N. quadriangulus in a Hauterivian–
Barremian section in Norway. In a study of planktonic 



foraminifera from Speeton (England), Banner & Desai 
(1988) reported the occurrence of N. quadriangulus aper-

tus in the same section in which foraminifera indicated a 
late Aptian age. In an integrated study including ammo-
nites, calpionellids, and nannoconids from the Northern 
Alps (Switzerland), Kaiser-Weidich & Schairer (1990) in-
ferred an Aptian age for N. quadriangulus quadriangulus 
and N. quadriangulus apertus. Kennedy et al. (2000) re-
corded specimens of N. quadriangulus quadriangulus and 
N. quadriangulus apertus in a few samples from the Col 
du Pré-Guittard, Arnayon (Drôme) and Tartonne (Alpes-
de-Haute-Provence), France. Herrle & Mutterlose (2003) 
reported N. quadriangulus in the Aptian of the Vocontian 
Basin (France) without distinguishing the two subspecies. 
On the other hand, Gale et al. (2011) identified rare speci-
mens of Nannoconus quadriangulus quadriangulus and N. 

quadriangulus apertus in Albian assemblages of the Von-
cotian Basin. Romey et al. (2014) also found N. quadrian-

gulus quadriangulus in Aptian–Albian assemblages in the 
Cassis region, Vocontian Basin. Pszczółkowski (2015a,b) 
highlighted the occurrence of N. quadriangulus apertus 
in Aptian sediments from Poland. One of the most recent 
publications discussing N. quadriangulus from European 
sections is from Lambert (2022), who defined biozones 
based on nannoconid associations from Aptian sections of 
the Vaucluse region in southeastern France.

Witt & Gökdag (1994) found N. quadriangulus in the 
upper Aptian Shuaiba Formation (Oman). Lambert and 
Laporte-Galaa (1996) adopted the biostratigraphic dis-
tribution of Deres & Achéritéguy (1980), suggesting an 
Aptian distribution for N. quadriangulus in the offshore of 
North Sinai, Egypt. Özkan-Altiner (1996, 1999) reported 
N. quadriangulus quadriangulus and N. quadriangulus 

apertus in Aptian deposits of northwest Anatolia, Turkey. 
Gombos et al. (2007) found Nannoconus quadriangulus 
in upper Aptian sections of the Shuaiba Formation (Abu 
Dhabi, United Arab Emirates). Hippolyte et al. (2010) 
recorded N. quadriangulus quadriangulus and N. quadri-

angulus apertus in association with Nannoconus bucheri 
and N. circulari in upper Aptian sediments in the Black 
Sea Basin (Turkey). Mahanipour et al. (2011) recorded N. 

quadriangulus in an Aptian outcrop of the Kopet Dagh 
Basin (Iran). Its presence in that region was later con-
firmed by Khodadadi & Hadavi (2013) and Robert et al. 
(2014). In the Bab Basin (Arabian Plate), van Buchem et 
al. (2011) used N. quadriangulus as an index fossil for 

the late Aptian(?), in agreement with the Witt & Gök-
dag (1994) record from the Shuaiba Formation (Oman).     
Hassanein (2016) recorded rare occurrences of N. quadri-

angulus in the Aptian of an Aptian–Albian outcrop section 
of the Agadir-Essaouira Basin (Morocco). Al-Miamary et 
al. (2020) carried out a study involving calcareous nanno-
fossils and chemostratigraphy of the Balambo Formation 
(northern Iraq), where the authors observed the occurrence 
of N. quadriangulus in the lower Aptian.

Concheyro & Sagasti (1999) identified N. quadrian-

gulus quadriangulus from the Valanginian to Hauteriv-
ian interval of the Neuquén Basin, Argentina. Similarly, 
Bown & Concheyro (2004) reported the occurrence of N. 

quadriangulus quadriangulus and N. quadriangulus aper-

tus from the Valanginian to Hauterivian of the Neuquén 
Basin. Lescano & Concheyro (2014) and Aguirre-Urreta 
et al. (2017, 2019) suggested that N. quadriangulus ap-

ertus evolved in the Valanginian due to its presence in 
the Vaca Muerta and Agrio Formations (Neuquén Basin, 
Argentina), which were dated as Valanginian–Barremian 
(Lescano and Concheyro, 2014) and later updated to Va-
langinian–Hauterivian (Aguirre-Urreta et al., 2017, 2019). 
Hernández (2012) studied the “Río Frío - Cerro las Minas” 
area in Venezuela. He found N. quadriangulus apertus, N. 

boletus, N. wassallii, and N. cf. vocontiensis in the Apón 
Formation and interpreted an Aptian age for this section 
based on these species and other fossils (palynomorphs, 
planktonic foraminifera, and bivalves). 

2.2.3. Nannoconus fragilis and Nannoco-
nus quadriangulus in Brazil
Freitas et al. (1986) noted the difficulty in identifying and 
separating N. quadriangulus and N. fragilis in Brazilian 
continental margin sediments. The authors published a 
short review regarding specimens of N. quadriangulus 

apertus and N. fragilis of the Sergipe-Alagoas Basin, 
dated as Aptian–Albian. Cunha (1990a) followed Deres 
&  Achériteguy (1980) in separating N. fragilis and N. 

quadriangulus apertus in the Ceará Basin, Brazil. In this 
work and Cunha (1990b), the author proposed the Nanno-

conus fragilis Zone of Aptian–Albian age, with the top of 
the zone defined by the last occurrence of the nominative 
species. Cunha (1990a) specified an Aptian age for the 
basal part of the Nannoconus fragilis Zone based on the 
presence of N. quadriangulus apertus. However, he did 
not define the base of the zone as it was the oldest unit in 
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the studied section, and he used interval zones formed by 
two successive last occurrences in his biozonation.

Cassab et al. (1994) mentioned the occurrence of N. 

fragilis and N. quadriangulus in the taxonomic list for the 
Sergipe-Alagoas Basin, without further details. Antunes 
(1996, 1998) proposed a biostratigraphic framework for 
the Brazilian continental margin in which he assigned 
the code “N-240” for the Nannoconus fragilis Zone and 
emended the zone to define its base by the first occurrence 
of N. fragilis. In addition, these publications reviewed the 
history of difficulties in taxonomic recognition and noted 
a lack of more in-depth knowledge of nannoconids, again 
highlighting the close relationship between N. quadrian-

gulus apertus and N. fragilis.
Cunha & Koutsoukos (1998), in a study making paleo-

ecological inferences using nannofossils and planktonic 
foraminifera of the Aptian of the Sergipe Basin, mentioned 
the species N. fragilis in the distribution chart. In the same 
basin, Pedrosa (2013) recorded the occurrence of N. fra-

gilis and N. quadriangulus as being Aptian–Albian age. 
Alves et al. (2017) identified the occurrence of N. quadri-

angulus quadriangulus and N. quadriangulus apertus in 
an interval considered Aptian for some basins of the Bra-
zilian continental margin. Pedrosa et al. (2019) associated 
the occurrence of N. fragilis and N. quadriangulus apertus 
as Albian in cuttings samples (Hole A1SE) from the Ser-
gipe Basin (Brazil). Silva et al. (2020) observed N. fragilis 
and N. quadriangulus in the Albian section of a cored well 
from the Sergipe-Alagoas Basin (Brazil); however, the N. 

quadriangulus specimens were considered reworked.

3. Material and methods
The samples analyzed in this study come from 38 wells 
drilled by PETROBRAS along the Brazilian continental 
margin (Figure 2). More details about the Brazilian sedi-
mentary basins can be found in Milani et al. (2007).

Calcareous nannofossil samples were prepared as 
smear slides following the technique described in Bown & 
Young (1998). Smear slides were examined using a Zeiss 
Axio Imager A2 polarizing light microscope at 1600× 
magnification. Images were taken under cross-polarized 
light (XPL), brightfield (BF), and with a gypsum plate 
(GP), and captured using AxioVision 40x64 v. 4.9 Zeiss 
software. Images and slides were deposited in the collec-
tion of the Biostratigraphy and Paleoecology Research and 
Development Centre, PETROBRAS/CENPES/PDIEP/

IGEO/BPA.
We adopted the nannoconid taxonomy of Deres & 

Achéritéguy (1980), Perch-Nielsen (1985), van Niel 
(1992, 1994), and Young et al. (1997, 2023). The mor-
phometric analysis of nannoconids was based on the 
morphological characteristics described by Brönnimann 
(1955), Trejo (1960), Deflandre & Deflandre-Rigaud 
(1962), Bouché (1963, 1965), Deres & Achéritéguy 
(1972, 1980),  Moshkovitz (1972), van Niel (1992), and 
Özkan-Altiner (1999) (Figure 3). A total of 107 speci-
mens were analyzed in longitudinal view and six selected 
morphometric characteristics were measured: maximum 
diameter (MD), height (H), central opening (CO), wall 
thickness (WT), base (B), and apex (A). Statistical param-
eters were calculated using PAST software (Hammer et 
al., 2001). For biostratigraphic interpretation, the biozona-
tions of Sissingh (1977), Perch-Nielsen (1985), and Bown 
(1998) were used. Most bibliographic references can be 
found in Perch-Nielsen (1985), Bown (1998), and Young 
et al. (2023).

4. Results
Nannofossils in the studied sections are common to abun-
dant and are well preserved. Selected specimens of each 
species are illustrated in Plate 1. The biochronostrati-
graphic calibration was based on planktonic foramin-
ifera analyzed in the same wells investigated in this study 
(Lima et al., 2018, 2019; Viviers et al., 2018; Sanjinés et 
al., 2019, 2022). The common nannofossil assemblages 
observed in the Brazilian continental margin wells and 
their correlations with planktonic foraminiferal biozones 
are shown in Table 2.

4.1. Biometric analysis
As previously mentioned, several studies have recognized 
the difficulty in identifying and separating Nannoconus 

quadriangulus and N. fragilis. To solve this problem, we 
carried out morphometric analyses of longitudinal sec-
tions using the main characteristics illustrated in Figure 4. 
The morphological parameters and the ratio between them 
were selected according to previous studies (holotypes 
and subsequent papers), as described above in Section 2.1 
(Morphometric studies) and Table 1. 

The morphology of a total of 107 individual nannoco-
nids (identified according to the literature as Nannoconus 

fragilis, N. quadriangulus quadriangulus, and N. quadri-
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Figure 2: Location map showing the distribution of the 38 studied wells in the Brazilian sedimentary basins and presence of Nannoconus fragilis,                   
N. quadriangulus quadriangulus, and N. quadriangulus apertus. Exact locations of wells are proprietary.

angulus apertus) was analyzed by measuring the maxi-
mum diameter, height, central opening, wall thickness, 
base, and apex (Figure 4; Table 3; Appendix 1). We used 
frequency histograms and gaussian Kernel density plots, 
as well as box plots, to analyze all measured parameters 
for each studied species (Figures 5 and 6).

4.1.1. Maximum diameter and height
Nannoconus quadriangulus apertus shows a smaller size 
(mean MD = 5.99 µm; mean H = 4.05 µm) compared to 
N. fragilis (mean MD = 6.69 µm; mean H = 4.74 µm) and 

N. quadriangulus quadriangulus (mean MD = 6.98 µm; 
mean H = 5.47 µm) (Table 3; Figures 5A, 5B, and 6A). 
When analyzing the ratio between the maximum diameter 
and the height of these nannoconids, it is possible to iden-
tify two patterns: N. fragilis and N. quadriangulus apertus 
show very similar values (mean MD/H of 1.41 µm and 
1.47 µm, respectively) and N. quadriangulus quadriangu-

lus has a lower average ratio (mean MD/H = 1.27 µm). 

4.1.2. Central opening and wall thickness
The size variations of the central opening and wall thick-
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Table 2: Nannofossil assemblages and their correlations with foraminiferal biozones from the studied wells on the Brazilian continental margin.

Studied nannoconids Specific co-occurrences Common taxa identified

Nannoconus fragilis
Axopodorhabdus albianus

Prediscosphaera columnata
Prediscosphaera cretacea

Nannoconus quadriangulus quadriangulus

and/or

Nannoconus quadriangulus apertus

Braarudosphaera batilliformis
Braarudosphaera 

pseudobatilliformis
Micrantholithus hoschulzii

Nannoconus bucheri
Nannoconus circularis
Nannoconus globulus
Nannoconus troelsenii

Rucinolithus infracretacea 
larsonnii 

Biscutum constans, Braarudosphaera africana, 
Braarudosphaera regularis, Chiastozygus litterarius, 

Eprolithus floralis, Flabelites oblongus, Hayesites 
irregularis, Helenea chiastia, Lithraphidites 

carniolensis, Manivitella pemmatoidea, 
Microrhabdulus primitivus, Nannoconus elongatus, 
Nannoconus truittii, Radiolithus planus, Retecapsa 

crenulata, Rhagodiscus achlyostaurion, Rhagodiscus 
angustus, Rhagodiscus asper, Rucinolithus 

terebrodentarius youngii, Tetrapodorhabdus decorus, 
Tranolithus gabalus, Watznaueria barnesiae, 

Watznaueria britannica, Watznaueria supracretacea, 
Zeugrhabdotus diplogrammus, Zeugrhabdotus 

embergeri, Zeugrhabdotus erectus, Zeugrhabdotus 
noeliae, Zeugrhabdotus xenotus

Planktonic foraminifera biozones

Microhedbergella renilevis – Ticinella primula

Globigerinelloides ferreolensis – Paraticinella rorhi

ness are notable in N. quadriangulus quadriangulus. The 
specimens of this subspecies show the lowest mean central 
opening size (3.27 µm) and the highest mean wall thick-
ness (2.14 µm) among the species studied (N. quadrian-

gulus apertus: mean CO = 3.63 µm; mean WT = 1.26 µm; 
N. fragilis: mean CO = 4.00 µm; mean WT = 1.37 µm) 
(Table 3; Figures 5E, 5D, and 6B). The ratio between the 
central opening and wall thickness is very similar for N. 

fragilis and N. quadriangulus apertus (mean CO/WT of 
2.92 µm and 2.88 µm, respectively), whereas the ratio for 
N. quadriangulus quadriangulus is consistently less than 
2 µm (mean CO/WT of 1.53 µm). Therefore, the ratio of 
the central opening to the wall thickness can be used to 
differentiate the species as follows: CO/WT ≥ 2 µm for N. 

fragilis and N. quadriangulus apertus and CO/WT < 2 µm 
for N. quadriangulus quadriangulus.

4.1.3. Base and apex width
The histograms of the base and apex sizes (Figures 5E and 
5F) do not show significant differences among the ana-
lyzed taxa. However, by following previous studies and 
comparing the values obtained in our morphometric in-
vestigation, the base-apex relationship displays small dif-
ferences that can be useful (N. fragilis: mean B = 6.67 µm,  

A = 5.98 µm; N. quadriangulus quadriangulus: mean B = 
6.90 µm, A = 6.95 µm; N. quadriangulus apertus: mean 
B = 5.31 µm, A = 5.99 µm), as illustrated in Table 3 and 
Figures 6C and 7. The morphometric analysis of the base 
width/apex width allows us to separate the specimens into 
the three taxa, where N. fragilis is characterized by a base 
wider than the apex (mean B/A = 1.11 µm), N. quadri-

angulus quadriangulus has a base approximately equal to 
the apex (mean B/A = 0.99 µm), and N. quadriangulus 

apertus shows a base narrower than the apex (mean B/A = 
0.89 µm) (Figures 6C and 7). 

4.2. Statistical treatment
We used a simple linear regression (Figure 8) and princi-
pal component analysis (PCA) (Table 4) to validate the re-
lationships among the selected morphometric parameters. 
The scatter plot between the base and apex widths shows 
extremely good correlation (r = 0.944) (Figure 8A) and 
good correlation also exists between the maximum diam-
eter and height (r = 0.906) (Figure 8B). The correlation 
between wall thickness and central opening instead shows 
a low correlation coefficient (r = 0.510) (Figure 8C). Ac-
cording to Nöel (1965), Moshkovitz (1972), and Casellato 
(2010), diagenetic alteration of nannoconids can interfere 
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Figure 4: Morphological characteristics measured in this study (in longitudinal view) shown on a schematic drawing of Nannoconus. 



Figure 5: Frequency histograms and gaussian Kernel density plots applied to all measured parameters. Total number of specimens examined, as well 
as the mean and median value for each measurement are shown in the upper righthand corner of each plot. Frequency distribution of (A) maximum 
diameter, (B) height, (C) central opening, (D) wall thickness, (E) base, and (F) apex for Nannoconus fragilis (left column), N. quadriangulus quadri-
angulus (middle column), and N. quadriangulus apertus (right column).
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with the size variation of the central opening and the wall 
thickness. In the present study, these are the elements that 
display the lowest degree of correlation (Figure 8).

The frequency distribution histograms and bivariate 
plots between the biometric parameters for all three taxa 
show an overlap in size distribution (Figure 5). Therefore, 
to confirm that the morphologic variations are indepen-
dent of the size of the individuals (and thus to classify 
small and large specimens within the same group) we 
performed a Mosimann's log-shape ratio transformation  
(Mosimann, 1970). The size was calculated as the geomet-
ric mean of all six measurements for each specimen, and 
then each measurement was divided by the size to deter-
mine the shape ratio (Claude, 2013). The resulting values 
were used for the PCA, which shows that the first prin-
cipal component explains 87.99% of the variance and is 
most strongly correlated with the base width, apex width, 
and maximum diameter (Table 4). This suggests that these 
components vary together. The second principal compo-
nent, which explains 7.39% of variance, shows an inverse 
correlation between the width of the central opening and 
wall thickness (Table 4).

4.3. Systematic paleontology
We used the morphometric observations gathered in this 
study, together with the original descriptions, to clarify the 
distinction amongst the three taxa (Figure 9). 

Nannoconus fragilis Deres & Achéritéguy, 1980
Plate 1, figs. 1–12

Description: A short cylindrical nannoconid. In longitu-
dinal view it shows a trapezoidal shape with the length of 
the base slightly larger than its apical length. The central 
opening is U-shaped and about 2.5 to 3 times wider than 
the thickness of the wall. The wall is thin (1.5 to 2 µm) and 
sometimes striated, which gives the species a fragile ap-
pearance. The wall thins towards the opening of the apical 
pole, which closes by curving into the central opening. Its 
opposite pole is closed with rounded projections (flanges), 
giving the base a slightly concave shape, which is charac-
teristic of the species (Deres & Achéritéguy, 1980).

This species is distinguished from Nannoconus quadri-

angulus quadriangulus and N. quadriangulus apertus by 
its slightly rounded basal flanges, trapezoidal-shaped test 
(with wide part at the base and narrow part at the apex), 
and a U-shaped central cavity.

Table 3: Biometrics parameter statistics for all Nannoconus specimens studied. MD = maximum diameter, H = height, CO = central opening, WT = 
wall thickness, B = base, A = apex.

MD H CO WT B A
Number of specimens (N) 107 107 107 107 107 107
Minimum (µm) 2.66 2.04 1.5 0.52 2.66 2.58
Maximum (µm) 14.05 11.49 9.05 4.33 14.05 12.70
Mean (µm) 6.45 4.74 3.71 1.47 6.15 6.17
Median (µm) 5.65 4.24 3.28 1.36 5.22 5.60
Standard error (µm) 0.22 0.18 0.13 0.07 0.22 0.20
Standard deviation 2.29 1.88 1.37 0.69 2.29 2.08
Number of specimens (N) 41 41 41 41 41 41
Minimum (µm) 2.66 2.10 1.50 0.52 2.66 2.58
Maximum (µm) 14.05 11.07 9.05 3.32 14.05 11.26
Mean (µm) 6.69 4.74 4.00 1.37 6.67 5.98
Median (µm) 5.22 4.36 3.28 1.18 5.22 4.69
Standard error (µm) 0.43 0.32 0.27 0.09 0.43 0.37
Standard deviation 2.75 2.02 1.72 0.59 2.75 2.39
Number of specimens (N) 21 21 21 21 21 21
Minimum (µm) 4.93 2.87 1.79 1.28 4.84 4.93
Maximum (µm) 12.70 11.49 6.52 4.33 12.66 12.70
Mean (µm) 6.98 5.47 3.27 2.14 6.90 6.95
Median (µm) 5.66 4.50 2.77 1.71 5.60 5.66
Standard error (µm) 0.57 0.53 0.28 0.20 0.57 0.56
Standard deviation 2.59 2.42 1.31 0.93 2.62 2.58
Number of specimens (N) 45 45 45 45 45 45
Minimum (µm) 4.72 2.04 2.62 0.67 3.95 4.72
Maximum (µm) 11.67 8.55 7.45 2.63 9.96 11.67
Mean (µm) 5.99 4.05 3.63 1.26 5.31 5.99
Median (µm) 5.88 3.86 3.45 1.21 4.99 5.69
Standard error (µm) 0.20 0.16 0.14 0.06 0.18 0.20
Standard deviation 1.35 1.11 0.92 0.39 1.19 1.35

ALL SPECIMENS

Nannoconus fragilis

Nannoconus quadriangulus 
quadriangulus

Nannoconus quadriangulus apertus
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Remarks: According to the morphometric analyses pre-
sented in this investigation, this species has characteristics 
similar to N. quadriangulus apertus, such as the differenc-
es between maximum diameter and height (MD > H), and 
central opening and wall thickness (CO ≥ WT). However, 
N. fragilis differs from the other studied nannoconids by 
having a base larger than its apex (parameter B > A). The 
small flanges observed at the base of the species may con-
tribute to the width of the base always being wider than 
the apex. The morphometric results corroborate previous 

studies on the characterization of N. fragilis. According to 
Young et al. (2023), Nannoconus fragilis belongs to the 
informal group of Nannoconus circularis (cylindrical nan-
noconids with thin walls and a very wide central cavity, 
with the width usually at least three times the width of the 
walls).
Dimensions: Literature: length = 6–8 µm; width = 7–9. 
This study: length = 2.10–11.07 µm; width = 2.66–14.05 
µm; central opening = 1.50–9.05 µm; wall thickness = 
0.52–3.32 µm. 
Occurrence: Restricted to the Albian (upper Subzone 
CC7b to lower Subzone CC9a [Sissingh, 1977] accord-
ing to Perch-Nielsen, 1985). On the Brazilian continen-
tal margin, Nannoconus fragilis is commonly observed 
in association with Prediscosphaera columnata, P. cre-

tacea, and Axopodorhabdus albianus, but its occurrence 
is confined to the interval encompassed by the planktonic 
foraminifera biozones Microhedbergella renilevis to Tici-

nella primula (Gradstein et al., 2020). This suggests that 
the presence of N. fragilis is linked to the Albian and can 
be correlated with lower nannofossil Zone CC8 (Sissingh, 
1977; Perch-Nielsen, 1985) (Table 2).

Nannoconus quadriangulus quadriangulus Deflandre & 
Deflandre-Rigaud, 1962

Plate 1, figs. 13–24
Description: A short cylindrical nannoconid. Its diameter 
is larger than or approximately equal to its length. The di-
ameter of the central cavity is equal to or slightly larger 
than the thickness of the wall, a distinctive characteristic 
of this species. In longitudinal view, the central opening 
shows a rectangular shape, similar to the outline of the 
test, and the walls are truncated and straight, with angu-
lar edges of thin, slightly inclined perpendicular spiral 
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lines enclosing a well-defined apical aperture (Deflandre 
& Deflandre-Rigaud, 1967; Deres & Achéritéguy, 1980; 
Perch-Nielsen, 1985).
Remarks: The morphometric studies of N. quadriangu-

lus quadriangulus confirmed unique characteristics of 
this subspecies when compared to other individuals under 
investigation. The distinctive features include the central 
opening and wall thickness ratio always less than 2 (CO/
WT < 2), with a straight wall (between 1.28 and 4.33 µm 
thick) more developed than in N. quadriangulus apertus 
and a lower mean value between its maximum diameter 
and height. These parameters enhance the differentiation 
of N. quadriangulus quadriangulus from N. quadriangu-

lus apertus and N. fragilis, whose central openings are 
more developed and walls thinner. Furthermore, our re-
sults highlight that specimens of N. quadriangulus quadri-

angulus consistently display a base approximately equal 
to the apex (B = A). According to Young et al. (2023), 
N. quadriangulus quadriangulus belongs to the informal 
group of Nannoconus truittii, cylindrical barrel-shaped 
nannoconids, with moderately wide central canals.
Dimensions: Literature: length = 5–8 µm; width = 6–10 
µm; central opening = 2–3 µm. This study: length = 2.87–
11.49 µm; width = 4.84–12.70 µm; central opening = 
1.79–6.52 µm; wall thickness = 1.28–4.33 µm.

Occurrence: Restricted to the late Aptian, Zone CC7 of 
Sissingh (1977), according to Deflandre & Deflandre-
Rigaud (1967), Barrier (1977), Deres & Achéritéguy 
(1980), Perch-Nielsen (1985), and Özkan-Altiner (1999). 
Nannoconus quadriangulus quadriangulus is found on 
the Brazilian continental margin often associated with 
Nannoconus bucheri, N. circularis, and N. globulus, as 
well as Micrantholithus hoschulzii. The presence of these            
species, along with Eprolithus floralis, indicate Zone CC7 
(Sissingh, 1977; Perch-Nielsen, 1985). The correlation be-
tween the occurrence of N. quadriangulus quadriangulus 

and the foraminifera biozones Globigerinelloides ferreo-

lensis to Paraticinella rorhi (Gradstein et al., 2020) in the 
studied sections confirms that this subspecies is restricted 
to the Aptian (Table 2).

Nannoconus quadriangulus apertus Deflandre &               
Deflandre-Rigaud, 1962

Plate 1, figs. 25–36
Description: A short and cylindrical nannoconnid related 
to N. quadriangulus quadriangulus. However, it differs 
from the latter based on the gradual separation between its 
walls from the basal to apical apertures. Its central cavity 
is slightly wider than in N. quadriangulus quadriangulus 

with a trapezoidal shape (with a narrow part at the base 

Alves, Lima, Filho 

Table 4: Results of the principal component analysis (PCA) for all studied morphometrics parameters. PC = principal component.

Component analyzed PC 1 PC 2 PC 3 PC 4 PC 5 PC 6
Width of base 0.98502 0.07329 0.05082 0.10516 -0.10217 0.01694
Width of apex 0.98507 0.08910 0.03022 0.11130 0.08289 0.03913

Maximum diameter 0.98893 0.09073 0.02419 0.09649 0.02322 -0.05792
Height 0.92446 -0.03326 -0.37507 -0.059803 -0.00356 0.00186

Width of central opening 0.90936 0.35430 0.14667 -0.16128 -0.00097 0.00146
Wall thickness 0.86522 -0.48256 0.12382 -0.05651 0.00313 -0.00017

Eigenvalue 0.10287 0.00863 0.00377 0.00124 0.00030 0.00008
% variance 87.99% 7.39% 3.22% 1.06% 0.26% 0.08%
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and wide part at the apex), similar to the outline of the 
test. For this reason, N. quadriangulus apertus commonly 
exhibits larger dimensions than N. quadriangulus quadri-

angulus.

Remarks: The morphometric results presented in this 
study corroborate previous studies and refine the diagnos-
tic characteristics of the subspecies. When compared to N. 

fragilis and N. quadriangulus quadriangulus, N. quadri-

angulus apertus exhibits a larger average size, but is closer 
in size to N. fragilis. It features a more developed central 
opening and thinner walls compared to N. quadriangulus 

quadriangulus, along with a base that is narrower than 
its apex (B < A). According to Young et al. (2023), N. 

quadriangulus apertus belongs to the informal group of 
Nannoconus truittii.
Dimensions: Literature: length = 5–8 µm; width = 5.5–
11 µm; central opening = 3–5 µm. This study: length = 
2.04–8.55 µm; width = 3.95–11.67 µm; central opening = 
2.62–7.45 µm; wall thickness = 0.67–2.63 µm.
Occurrence: Restricted to the late Aptian, Zone CC7 of 
Sissingh (1977), according to Deflandre & Deflandre-
Rigaud (1967), Barrier (1977), Deres & Achéritéguy 
(1980), Perch-Nielsen (1985), and Özkan-Altiner (1999). 
In Brazil, the geological range of N. quadriangulus aper-

tus is the same as that of N. quadriangulus quadriangulus, 
which is described as restricted to the Aptian.

Figure 9: Proposed morphometric diagnoses of Nannoconus fragilis, N. quadriangulus quadriangulus, and N. quadriangulus apertus based on this 
morphometric study. A = apex, B = base, CO = central opening, WT = wall thickness, MD = maximum diameter, H = height.  
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the base wider than the height of the apex (B > A).

2. Central opening is around 2.5 to 3 times the 
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3. U-shaped central opening.

4. Maximum diameter is generally greater than the 
height.

5. Thinning of the wall at the apical aperture, which 
closes by curving into the central opening.

6. Base with rounded projections (small flanges) on 
both sides (which can produce a slightly concave 
base).

1. Rectangular-shaped test. Base height equal to the 
top height (B = A).

2. The diameter of the central cavity is equal to or 
slightly larger than the thickness of the wall 
(CO/WT < 2 µm).

3. Rectangular-shaped central cavity.

4. Maximum diameter is approximately equal to the 
height of the text (MD = H).

5. Straight wall (1.3–4.3 µm) more developed than 
in N. quadriangulus apertus, with the same thickness 
along its poles.

6. Angular base without border projections (flanges).

1. Trapezoidal-shaped test with base smaller than 
the top (B < A).

2. Central opening (2.6–7.5 µm) more developed 
than in N. quadriangulus quadriangulus and around 
1.5 to 5 times the thickness of the wall (0.6–2.6 µm) 
(CO/WT ≥ 2). 

3. Trapezoidal-shaped central cavity.

4. Maximum diameter larger than the height.

5. Straight wall with the same thickness along its 
poles.

6. Angular base without border projections (flanges).



5. Discussion and conclusions
This study used samples from 38 wells on the Brazilian 
continental margin to characterize the morphology of 
Nannoconus fragilis, N. quadriangulus quadriangulus, 
and N. quadriangulus apertus. The synthesis of biostrati-
graphic and bibliographic research and the morphometric 
data provide a significant improvement to the taxonomic 
differentiation based on the base/apex, the maximum di-
ameter/height, and the central opening/wall thickness. 
Statistical methods indicate that the central opening/wall 
thickness has low correlation and therefore may be strong-
ly influenced by diagenetic alteration. This morphometric 
study shows a clear correlation with the descriptions of the 
holotypes of the taxa investigated, but also clarifies prob-
lematic questions about the identification of N. fragilis and 
the N. quadriangulus group (Figure 9). 

Our study confirmed the biostratigraphic observa-
tions of most previous studies in other areas of the world 
as well as those conducted on the Brazilian continental 
margin. We found that the occurrences of N. quadri-

angulus quadriangulus and N. quadriangulus apertus 
are restricted to the Aptian, which is suggested by their 
presence in the foraminiferal biozones Globigerinelloi-

des ferreolensis – Paraticinella rorhi, which are corre-
lated to Subzone CC7b (Sissingh, 1977; Perch-Nielsen, 
1985). Moreover, the presence of N. fragilis is limited to 
the Albian. It is consistently found in association within 
the interval of foraminiferal biozones Microhedbergella 

renilevis to Ticinella primula, correlating to lower Zone 
CC8 (Sissingh, 1977; Perch-Nielsen, 1985). Previous in-
consistencies in the biostratigraphic interpretations of N. 

fragilis, N. quadriangulus quadriangulus, and N. quadri-

angulus apertus likely derived from their high morpho-
logical variability in combination with poor preservation. 
Once the proposed revised taxonomy is applied, further 
studies of potential paleoenvironmental constraints and 
paleoecological affinities might reveal differential distri-
bution in space and time.
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Plate 1

Plate 1: Photomicrographs of Nannoconus specimens from the Brazilian continental margin. Images with a black background taken under cross-
polarized light, a grey background under brightfield, and a pink background with a gypsum plate.
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Appendix 1: Morphometric data for all measured specimens. All measurements are in micrometers (µm).
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9 4.87 4.47 4.87 3.10 2.84 1.16 5.75 5.75 5.75 6.07 2.11 1.85 6.20 7.08 7.08 5.37 4.02 1.45
10 4.90 4.29 4.9 4.18 2.45 1.12 12.66 12.70 12.70 11.49 6.52 4.20 5.53 6.14 6.14 3.42 3.62 1.21
11 5.26 4.61 5.26 3.33 2.78 1.18 5.45 5.60 5.60 4.09 2.93 1.69 6.94 7.14 7.14 4.82 4.34 1.68
12 11.55 10.69 11.55 9.30 5.94 2.65 11.88 11.74 11.88 7.70 4.50 4.33 7.27 7.73 7.73 5.71 5.00 1.87
13 4.93 4.67 4.93 4.73 2.92 0.87 5.11 5.13 5.13 4.05 2.58 1.60 6.06 6.51 6.51 5.24 3.31 1.64
14 4.92 4.31 4.92 4.36 2.46 1.44 6.72 6.72 6.72 4.46 2.77 1.79 5.69 6.67 6.67 4.69 4.69 1.18
15 5.05 4.27 5.05 3.74 3.13 0.96 4.98 5.01 5.01 3.97 2.63 1.71 4.53 4.74 4.74 2.04 3.57 0.90
16 6.05 4.67 6.05 5.18 3.54 0.87 5.54 5.59 5.59 4.82 1.79 1.95 4.99 5.69 5.69 3.10 3.42 1.15
17 4.36 3.95 4.36 4.05 2.26 0.98 11.57 11.57 11.57 8.95 4.73 3.02 4.37 5.11 5.11 3.07 2.97 0.97
18 4.66 4.38 4.66 3.37 2.73 1.29 5.23 5.03 5.23 4.62 2.00 1.70 4.98 5.21 5.21 3.70 2.76 1.71
19 5.19 4.85 5.19 4.24 2.77 1.76 10.87 11.07 11.07 9.56 4.93 3.82 4.26 5.18 5.18 2.92 2.77 0.67
20 4.40 4.07 4.40 2.95 2.34 1.14 5.08 5.13 5.13 2.87 2.15 1.56 4.36 4.92 4.92 3.03 3.13 0.82
21 10.77 9.56 10.77 11.07 5.84 3.32 5.60 5.65 5.65 3.64 2.41 2.06 4.77 6.51 6.51 4.82 3.64 1.08
22 6.00 5.13 6.00 5.03 3.49 1.28 5.44 6.16 6.16 5.13 3.08 1.53
23 10.72 10.20 10.72 7.24 5.76 2.13 4.56 6.46 6.46 4.82 3.18 1.44
24 10.31 9.43 10.31 6.88 5.99 2.12 5.75 6.08 6.08 3.48 2.89 1.72
25 8.24 7.48 8.24 6.84 4.93 1.44 6.05 6.72 6.72 4.36 3.59 0.92
26 8.68 7.37 8.68 6.00 5.29 1.76 4.59 4.72 4.72 4.79 2.87 1.13
27 10.97 10.56 10.97 7.04 6.14 2.09 4.84 4.98 4.98 3.30 2.87 1.03
28 8.49 7.54 8.49 6.84 5.34 1.79 4.05 4.77 4.77 3.44 2.62 1.08
29 9.66 8.36 9.66 6.94 6.24 2.11 5.23 6.05 6.05 4.05 4.41 1.03
30 14.05 11.26 14.05 9.53 9.05 2.42 4.72 5.69 5.69 4.47 3.28 1.18
31 10.44 7.92 10.44 8.10 7.11 1.54 4.71 5.04 5.04 3.18 3.96 0.78
32 8.85 8.15 8.85 6.64 5.73 1.21 6.20 6.69 6.69 3.81 4.81 1.43
33 9.42 8.31 9.42 6.11 5.70 1.79 5.66 6.18 6.18 4.17 4.19 1.49
34 9.05 8.45 9.05 6.34 6.24 1.11 5.34 5.52 5.52 3.45 3.45 1.23
35 5.12 4.77 5.12 4.17 3.39 1.08 4.97 5.60 5.90 4.21 3.08 1.44
36 4.86 4.28 4.86 2.83 3.31 1.13 9.96 11.67 11.67 8.55 6.34 2.63
37 4.92 4.59 4.92 3.85 3.39 1.36 9.16 10.68 10.68 5.98 7.45 2.06
38 5.24 4.87 5.24 4.72 3.08 1.04 5.12 6.14 6.14 3.81 3.63 1.42
39 5.03 4.62 5.03 4.36 3.03 0.87 5.74 5.88 5.88 3.86 3.26 1.42
40 5.22 4.69 5.22 4.31 3.28 1.33 4.16 4.98 4.98 3.19 3.08 1.51
41 8.65 7.85 8.65 5.03 5.53 1.61 5.90 6.57 6.57 4.72 3.49 1.23
42 4.98 5.25 5.25 3.19 3.72 0.87
43 4.28 5.05 5.05 3.35 3.65 0.73
44 3.95 4.74 4.74 3.10 3.30 0.85
45 4.88 5.33 5.33 2.52 4.00 0.67

Nannoconus fragilis Nannoconus quadriangulus quadriangulus Nannoconus quadriangulus apertus


