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72. Reticulofenestra calicis Crudeli and Kinkel (2004) 
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Pl. 1, figs 1-6 
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Pl. 2, figs 1-5 
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Text-fig. 1 
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Text-fig. 2 

 
Etymology: from Latin calix, calicis (masculine noun) = cup, referring to the cup-shaped 

structure surrounding the central area  
Holotype: plate 2, figure 1  
Type locality: South Caribbean Sea, ODP Hole 1000A (16°33.223´N 79°52.044´W)  
Type level: ODP Sample 1000A-15H-4, 95-97cm (132.25mbsf)  
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Paratypes: plate 1; plate 2, figures 2-5  
Depository: ODP Microfossil Reference Center, Basel. 
Stratigraphic range: Lower Pliocene, R. pseudoumbilicus Zone, Zone CN11 of Okada and 

Bukry (1980). 
SCANNING ELECTRON MICROSCOPE EXAMINATION 
Diagnosis: Very small to small reticulofenestrid coccolith (2.4 to 4.6µm) with a cup-shaped 

structure surmounting the distal shield and surrounding the central area. The cup-
shaped structure consists of an inner and an outer cycle of elements (inner cup-element 
and outer cup-element cycle). The inner cup-elements are clockwise imbricate and are 
continuous with the inner tube elements that are anticlockwise imbricate till the level of 
the distal shield. The outer cup-elements extend vertically. In distal view the cup-
shaped structure totally obscures the outer part of the coccolith rim, more rarely, the 
outer 0.1 to 0.5µm of the rim width are visible.  

Description: Shields and central area  
The coccoliths of this species are constituted by two broadly to normally elliptical shields 

convex distally and concave proximally with a slightly outward sloping rim (pl. 1, figs. 
3-6, pl. 2, figs. 3, 5). The length of the distal shield ranges from 2.4-4.6µm (average 
3.2µm) that is slightly larger than the proximal shield (pl. 1, figs. 3-6). The width of the 
coccoliths varies between 1.9-4.0µm (average 2.5µm). The distal and proximal shields 
are formed from approximately 30-45 elements, with weak sinistral obliquity. The distal 
shield elements can be closely spaced (pl. 2, figs. 1) or separated by a few, relatively 
narrow and irregularly spaced slits (pl. 2, figs. 2, 4). Qualitative observations indicate 
that specimens of R. calicis n. sp. without slits are more common. The central area is 
wide (pl. 1, figs. 1-2, pl. 2, fig. 2) and is characterized by a grill composed of thin bars 
that are conjunct with the proximal shield elements (pl. 1, fig. 3). Often, bars end 
inwards with a small protrusion (pl. 1, fig. 1, pl. 2, fig. 1).  

Cup-shaped structure: Structure, morphology, remarks 
A schematic drawing of the cup-shaped structure described and interpreted thereafter is 

presented in text-figure 1. The sketch is adapted from Young (1989, his fig. 1.6). A single 
segment is represented here.  

From the inside, the inner tube elements are anticlockwise imbricate till approximately the 
level of the distal shield, the inner cup-elements show clockwise imbrication (pl. 2, figs. 
3-4). A kink just above the distal shield level marks the difference in growth direction of 
the inner tube and inner cup-elements (pl. 2, figs. 3-4). From the outside, cup-elements 
simply grow vertically, they do not show imbrication, and the kink is not visible (pl. 1, 
figs. 3, 5-6). This suggests that the outer cup-elements are composed by the extension of 
the outer tube elements. The shields of R. calicis n. sp. show the typical reticulofenestrid 
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morphology and structure and imply that the outer tube elements have clockwise 
imbrication.  

The cup-shaped structure is thus composed by extension of the inner and outer tube 
elements that have changed growth direction at the level of the distal shield.  

The opposite imbrication of the inner and outer tube elements inhibits their fusion under 
condition of diagenetic secondary calcification (Young 1989). The absence of imbrication 
of the outer cup-elements likely has favored fusion between the inner and outer cup-
elements. The fusion of the cup-elements is visible in side view on broken coccoliths (pl. 
2, fig. 3).  

The terminations of the cup-elements appear broadly enlarged outwards, likely in relation 
to elements fusion (pl. 1, figs. 1-2, pl. 2, fig. 2).  

Etching and/or breakage occurs close to the level at which the tube elements change 
imbrication (pl. 2, fig. 2). The level represents a structural weakness. Etching and/or 
breakage also occurs just above this level which is possibly due to structural weakness 
of the cup-element (pl. 2, fig. 2). The outer cup-elements usually show regular crystal 
faces, occasionally crystal faces appear more irregular in proximity to the distal shield 
(pl. 1, figs. 3, 5). The irregular surface possibly corresponds to the previous structural 
weakness.  

The length and width of the cup-shaped structure range from 1.8-5.0µm and 1.4-4.2µm 
(text-figs. 2-3), respectively resulting in a broad to narrow elliptical shape.  

In most cases, the cup-shaped structure obscures the outer part of the rim (pl. 1, fig. 1, pl. 2, 
fig. 2). Occasionally, the cup-shaped structure is weakly smaller than the rim (pl. 1, fig. 
2). The cup-elements are enlarged upward, show equal height and are inclined 
outwards at low but variable angle (15°-35°) with respect to vertical direction (pl. 1, figs. 
5-6, pl. 2, fig. 3). The number of cup-elements range from 32-46. In reticulofenestrids, the 
number of elements composing the different cycles is identical (Young 1989). This is 
related to biomineralization mechanisms (e.g., Young 1989, Young et al. 1999). On the 
same specimens we occasionally counted a larger number of cup-elements (1 to 5) with 
respect to distal shield elements. This is explained by difficulties of counting, in distal 
view, shield elements of specimens with cup-shaped structure very weakly smaller than 
the rim.  

The height of the cup-shaped structure ranges from 0.7-3.5µm (average 1.4µm). The plot of 
the height and length of the structure measured in side view shows that the height is 
not directly related to coccolith size (text-fig. 3).  

LIGHT MICROSCOPE EXAMINATION  
Description and remarks: In side view and under CN (crossed nicols) the species has a 

sub-polygonal profile. The outer parts are birefringent whereas the central part shows 
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no birefringence (pl. 3, figs. 1-3). The coccolith shows identical extinction pattern at 45° 
to the nicols. This indicates that the cycles have optical continuity with sub-radial 
crystallographic c-axes (text-fig. 1).  

The species is often not entirely observable in true side view but variably tilted with respect 
to the horizontal plain, or broken (pl. 3, figs. 4-5). During routine work the coccolith 
could be misidentified as a fragment of a different species.  

In distal view and CN the coccolith appears as a small bright elliptical ring with defined 
outer margins and having a wide central area (pl. 3, figs. 6-7). Using deep focusing in 
CN and transmitted light, the cup-shaped structure is identifiable by the irregularity of 
its profile. The species shows radial extinction.  

The bright part of the coccolith in distal view is due to the cup-shaped structure, which is 
relatively high and thick. Since the structure is flaring, the central area of the species is 
wider when compared to other small reticulofenestrids.  

BIOSTRATIGRAPHIC POSITION  
R. calicis n. sp. is rare to common at OPD Site 165-1000A in the interval from Sample 15H-7, 

15-17cm (135.95mbsf) where it is rare to Sample 15H-3, 135-137cm (131.15mbsf). This 
sample interval belongs to Zone CN11 of Okada and Bukry (1980) (Kameo and 
Bralower 2000) (4.335 MA-4.200 Ma, Steph et al., submitted). A few broken species of R. 
calicis n. sp. are observed in a few samples just above the 131.15mbsf level.  

DISCUSSION ON TAXONOMY  
Family attribution  
The relationship between the LM extinction pattern in CN and reticulofenestrid structure 

has been discussed at length (Romein 1979, Driever 1988, Young 1989, Young et al. 
1996). The CN study indicates that the cycles of R. calicis n. sp. have optical continuity 
with sub-radial crystallographic c-axes (e.g. pl. 3, figs. 1-3). This ultrastructure is typical 
for reticulofenestrids (Young 1989, Young and Bown 1991, Young et al. 1992) and allows 
to refer the coccolith to the family Noelaerhabdaceae.  

Generic attribution  
The composite cup-shaped structure is undescribed in reticulofenestrids, the extension of 

the outer tube elements represents a novelty. R. calicis n. sp. could have been used in 
emendation of a new genus of the Noelaerhabdaceae.  

Coccoliths in which few inner tube elements are modified to form a bridge spanning the 
central area are included in Gephyrocapsa. The morphology of the bridge varies and 
represents a basic feature in definition of species (e.g., Pirini Radrizzani and Valleri 
1977, Samtleben 1980, Lohman and Ellis, 1981). The modern Gephyrocapsa ornata 
Heimdal 1973 is characterized by a bridge formed from two thin plates and by a ring of 
low tooth-like protrusions continuing with the central tube. In this species, both the 
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inner tube elements forming the tooth-like protrusions and those forming the bridge 
can show very different directions of growth even on a single coccosphere (Young, 
written communication, 2003). In species of Gephyrocapsa, growth occurs preferentially 
inward and commonly few inner tube elements are modified, which makes a major 
difference compared to R. calicis n. sp.  

The genus of the Noelaerhabdaceae, Bekelithella Bona and Gal 1985 described from the 
Paratethys (Late Miocene, Pannonian) includes coccoliths with a crown surrounding the 
central area. Bekelithella, as the Paratethys genus Noelaerhabdus Jerkovic 1970 are 
endemic (Young 1998).  

R. calicis n. sp. has a typical reticulofenestrid rim. This represents a useful base for generic 
attribution. R. calicis n. sp., may or may not have a few slits between elements of the 
distal shield (pl. 2, figs. 2 and 1, respectively). Presence or absence of slits between 
elements of the distal shield is generic character of Pseudoemiliania Gartner 1969 and 
Reticulofenestra, respectively. Among Pliocene small reticulofenestrids there is a 
continuous variation from elliptical forms with a variable number of slits to elliptical 
forms without slits to sub-circular forms with many slits (McIntyre et al. 1967, 
Samtleben 1978, Young 1989, Young 1990, pers. observations) which have prompted 
discussion about the validity of separating such forms into different genera (Samtleben 
1978, Young 1989, Young 1990). In particular, Young (1990) argued that the variability 
observed in the small Pliocene reticulofenestrids could represent an example of an 
“allometric relationship between coccolith size and morphology within a single 
species”. In his emended taxonomic scheme, Young (1990) therefore included 
specimens with “lacunosa” morphology in the genus Reticulofenestra.  

The fact that specimens of R. calicis n. sp. with or without slits are present in the same 
samples and throughout the same stratigraphic interval suggests that they represent a 
single species characterized by intraspecific variation. Whereas for recent 
reticulofenestrids, e.g. E. huxleyi and G. oceanica Kamptner 1943 an ample intraspecific 
variability is established (e.g. Young and Westbroek 1991, Bollman 1997), it is not yet 
clear how much intraspecific variability occurs within the Pliocene reticulofenestrids. 
On the other hand, the fact that small placoliths with or without slits can develop a 
similar structure around the central area supports the suggestion by previous authors 
(Samtleben 1978, Young 1989, Young 1990) regarding affiliation of closely similar forms 
to due different genera.  

Similarity with other medium size reticulofenestrids  
Medium size reticulofenestrid coccoliths with a protruding collar were observed by 

Driever (1988) from the Mediterranean Pliocene (his pl. 2, figs. 7-8). Similar forms were 
observed by us within the interval of occurrence of R. calicis n. sp. (pl. 2, fig. 6). Driever 
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(1988) referred the coccolith to R. pseudo-umbilicus (Gartner 1967) Gartner 1969 small 
specimens. Given absence of formal description of such coccoliths, in this work we 
adopted the nomenclature by Driever (1988). The species (Driever 1988, his pl. 2, figs. 7-
8, this work, pl. 2, fig. 6) has bars joining along a median suture as in the original 
description of Gartner (1967).  

In these coccoliths, the collar is composed by extension of inner tube elements that show 
anticlockwise imbrication, occasionally, the upper part of very few elements shows a 
kink that suggests a change of imbrication (pl. 2, fig. 6). The kink occurs well above the 
distal shield (pl. 2, fig. 6) and not at the distal shield level as in R. calicis n. sp. In 
addition, R. calicis n. sp. has a narrower rim so that, in distal view, the outer part of the 
rim is not or only slightly visible.  

R. pseudoumbilicus is mainly a size defined group. Forms >7µm are of biostratigraphic 
significance (e.g., Young 1998 and references therein). R. pseudoumbilicus small 
specimens demonstrate phenetic variability among the medium size reticulofenestrid 
coccoliths. The phylogeny of R. calicis n. sp. is discussed in a separate manuscript 
(Crudeli et al., in prep.).  

Structural similarity with recent reticulofenestrid coccolithophores  
The tendency in elevation of the inner tube elements is characteristic of a few modern 

species. In these forms, the inner tube elements do not change direction of imbrication 
and the extension of the outer cycle elements is not described.  

In Emiliania huxleyi var. corona (Okada and McIntyre 1977) Jordan and Young 1990 the inner 
tube elements variably extend upwards above the level of the distal shield forming a 
crown around the central area. According to the original description of  

E. huxleyi var. corona the wall only occasionally surrounds the central area at uniform 
height whereas in the species described here, the cup-shaped structure is continuous 
around the central area.  

Also Reticulofenestra maceria (Okada and McIntyre 1977) Young et al. 2003, originally 
assigned to Umbilicosphaera Lohmann 1902, has a crown around the central area with 
more conspicuous elements along the long axis and depressed elements along the short 
axis. R. maceria has been observed from the North Atlantic (Pleistocene) by Martini 
(1993) (Emiliania coronata, pro syn.) who noted that elements were depressed at two 
sides diagonally oriented to the long axis of the coccoliths.  

PALEOECOLOGY – EVOLUTION  
There are no indications that endemism occurs among calcareous nannoplankton in the 

studied interval in the Caribbean Sea (Gartner et al. 1983/84, Garner et al. 1987, Kameo 
and Sato 2000, Kameo and Bralower 2000). The Caribbean had open connections to the 
Atlantic and Pacific Oceans during the Pliocene, since the Isthmus of Panama was not 
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yet closed (e.g., Haug et al. 2001), during the occurrence of R. calicis n. sp.  
Endemism tends to occur in semi-enclosed basins. Moreover, R. calicis n. sp. occurs in 

samples from the Eastern Equatorial Pacific (Crudeli et al., in prep.), which had very 
different pale-oceanographic and ecologic boundary conditions.  

Young (1989), describing coccolith biomineralization, discussed the possibility that 
processes such as the cup-shaped structure discussed here are formed by modification 
of the single crystal unit in a final phase of its development, thus unrelated with the 
basic coccolithogenesis process, and are likely a result of ecological adaptation. The fact 
that the tube elements in R. calicis n. sp. extend and change direction of imbrication 
upwards is in agreement with this suggestion.  

The occurrence of R. calicis n. sp. is almost coeval with the FCO of small Gephyrocapsa in the 
site studied and both events follow the FO of Pseudoemiliania. Other small 
reticulofenestrids show variable extension of the tube elements during the critical time 
interval (Crudeli et al. in prep.). This points towards a general diversification and 
evolutionary changes among reticulofenestrids during this period. The short range of  

R. calicis n. sp. (5m) indicates that this coccolith was not as successful as the species of 
Gephyrocapsa and Pseudoemiliania which became dominant elements of nannofossil 
assemblages shortly after their appearance (Gartner et al. 1983/84, Garner et al. 1987, 
Okada 2000, Kameo and Sato 2000, Marino and Flores 2002).  

A new biostratigraphic marker?  
The R. pseudoumbilicus Zone was introduced by Gartner (1969) from subtropical western 

Atlantic cores and defined as the interval from the LO of Amaurolithus tricorniculatus 
and the LO of R. pseudoumbilicus. The Zone was incorporated in the Standard Neogene 
Calcareous Nannofossil Zonation as Zone NN15 (Martini and Worsley 1970, Martini 
1971) that correlates with the CN11 Zone of Okada and Bukry (1980).  

The beginning of the Discoaster asymmetricus acme is of biostratigraphic significance for 
subdivision of Zone CN11 (Bukry 1973, Bukry 1975, Okada and Bukry 1980). The event 
is not always identifiable or the marker species is absent (e.g., Gartner et al. 1983/84, 
Garner et al. 1987, Sato et al. 1991, Takayama, 1993, Gartner and Shyu 1996). In addition, 
D. asymmetricus is often difficult to distinguish from other similar forms (Perch-Nielsen 
1985). In the Caribbean Basin, Kameo and Bralower (2000) recognized the FCO of D. 
asymmetricus in Hole 998A but not in Hole 1000A and in Hole 999A.  

R. calicis n. sp. has a short stratigraphic range (4.335 Ma-4.200 Ma) within the R. 
pseudoumbilicus Zone. The age range was achieved by orbital tuning of high resolution 
stable oxygen and carbon isotope records of planktic foraminifera (Steph et al., 
submitted).  

If R. calicis n. sp. proves not to be strictly ecologically controlled it could represent a new 
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biostratigraphic marker for subdivision of the R. pseudoumbilicus Zone.  
 
 
Crudeli, D. & Kinkel, H., 2004. Reticulofenestra calicis n. sp., an unusual small 

reticulofenestrid coccolith from the Lower Pliocene of the South Caribbean Sea. 
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