
XVIII/92 
 

92. Syracosphaera pemmadiscus Chang (2013) 
 

  

   

   



XVIII/92 
 

  

 
figs 1–8 

 
Description: Coccosphere spherical to subspherical, 6 7–8 µm in diameter, dithecate, with 

monomorphic, endothecal muroliths. Exothecal coccoliths dimorphic, ranging from 
disc-like to saddle-shaped planoliths and sometimes dish-like muroliths; central 
areas of both plano- and muroliths plate-like structures with one to two parenthesis-
shaped openings located at each end. Body coccoliths elliptical muroliths, fluted on 
the inner wall like a pie dish, 1.4–1.8 µm long, 0.8–1.2 µm wide, and 6 0.3 µm deep. 
The upper wall of the muroliths flared prominently outward into the distal flange 
with a delicately serrated periphery, while the lower wall extended outward into a 
thin, delicate, proximal flange. The central area consisted of radial laths that were 
centrally connected, sometimes with one or two small central processes (spines). 

Holotype: SEM stub NIWA 88900, deposited at National Institute of Water & Atmospheric 
Research Institute Ltd, Invertebrate Collection, Wellington, New Zealand. 

Type Locality: Subantarctic seawater on the east coast of New Zealand (46°38’9’’ S, 
178°33’22’’ E; depth 10 m; Cruise TAN0902). 

Etymology: Latin pemma = pastry (closest word to pie), and discus = dish. Pemmadiscus 
(nouns in apposition) refers to the fluted, pie dish-like structure of the body 
coccoliths. 
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Coccospheres were spherical or subspherical (Fig. 1). The dithecate coccosphere consisted 
of a small number of dimorphic exothecal coccoliths. The outer exothecal coccoliths 
did not form a complete layer over the body coccoliths or muroliths (= caneoliths). 
Body coccoliths were monomorphic (±52–64). Of the limited number of cells 
examined, no circum-flagellar coccolith was observed. It was not clear whether 
circum-flagellar coccoliths were present. 

Elliptical exothecal coccoliths were highly variable in shape; they ranged from what 
appeared to be a disc-like with a slight upward curving on one side (planoliths) (Fig. 
2) to a saddle-shaped structure (Fig. 3) or sometimes to a dish-like structure 
(muroliths) (Fig. 4). The dish-like exothecal muroliths had a wide, fluted, flaring wall 
that continued into the distal flange with relatively deep, tube-like wall. Both 
planolith and saddle-shaped coccoliths had a thinner wall than murolith, with either 
an almost smooth or an incised margin. All exothecal coccoliths (± 1.6–1.9 µm long) 
shared similar features - a flat and smooth central area with neither radial laths nor 
central structure (process), and one or two, parenthesis-shaped openings, located at 
each end. 

Body muroliths of Syracosphaera pemmadiscus were elliptical and each measured 1.4–1.8 µm 
long, 0.8–1.2 µm wide, with a tube-like structure ±0.3 µm deep (Table 1). The inner 
wall of the muroliths were fluted like a pie dish (Figs 5, 6). The fluted, interior surface 
was made up of 24–25 ridges (elements). The upper wall flared outward into a 
prominent distal flange, while lower wall extended into a thin, delicate proximal 
flange (Fig. 5). Edges of the distal flange were tooth-like, giving the coccolith a 
delicately serrated outline. The tube-like structure and flanges together formed the 
rim, which was composed of a circle of peripheral, vertical, distal (D)- and also 
radial, proximal (P)-elements (Figs 6, 8). The D-elements formed the distal flange and 
the upper part of the tube while the P-elements formed the proximal part of the 
coccoliths. The D- and P-elements corresponded to the V- and R-units in the model 
described by Young et al. (1992, 1999). Due to the lack of crystallographic data, it was 
not possible to distinguish the form and interlocking of V- and R-units. The central 
area was formed by tangential (T) elements (laths) (20–25) that alternated with the 
rim elements (Fig. 6). The inner central structure varied from a slightly raised, low 
longitudinal ridge to either one or two short central processes (spines) (Figs 7, 8). 

Discussion: Syracosphaera pemmadiscus sp. nov. has only been recorded on two occasions, 
in January–February 2009 (summer) and May 2011 (autumn), in the southwest Pacific 
near New Zealand. One cell of S. pemmadiscus was observed from a station in 
Subantarctic (SA) water to the south, and another cell was found at a station in the 
Subtropical Front (STF) over the Chatham Rise, suggesting that this new taxon occurs 
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only rarely and is low in abundance in the region. This is consistent with 
observations made elsewhere that most Syracosphaera species occur less frequently 
than other coccolithophores, and some only in low absolute number (e.g. Kleijne 
1993; Jordan & Kleijne 1994; Cros & Fortuño 2002; Kleijne et al. 2002; Young et al. 
2003, 2005; Jordan et al. 2004; Kleijne & Cros 2009). In the 2009 summer in SA and 
STF waters Emiliania huxleyi (Lohmann) Hay & Mohler and Umbellosphaera tenuis 
(Kamptner) Paasche dominated the coccolithophore communities, with only a small 
number of Syracosphaera spp., e.g. S. molischii Schiller, S. pulchra Lohmann and S. 
anthos (Lohmann) Janin occurring (Chang, unpublished observations). No S. 
pemmadiscus was observed in samples collected at the same time from Subtropical 
(ST) water. Here, both E. huxleyi and U. tenuis were dominant, with only two 
Syracosphaera spp. recorded (Chang, unpublished observations).  

Coccospheres of Syracosphaera spp. range from <10 µm to >40 µm in size (up to 70 µm) but 
the majority of species are either less than 10 or slightly over 10 µm in diameter (e.g. 
Kleijne 1993; Cros & Fortuño 2002; Young et al. 2003; Kleijne & Cros 2009). For ease 
of comparison, coccospheres of Syracosphaera spp. have arbitrarily been divided into 
three size groups here: <10, 10–20 and > 20 µm (Table 1). S. pemmadiscus recorded to 
date fits well with the <10 µm size group. Moreover, the elliptical exothecal and 
endothecal coccoliths of S. pemmadiscus are very small (<2 µm in length), and both 
appear to be smaller than those of many Syracosphaera spp. As with most of the 
Syracosphaera spp., coccosphere of S. pemmadiscus is dithecate (Table 2). The 
dimorphic exothecal coccoliths of S. pemmadiscus differ from all other species except 
S. pulchra and S. histrica Kamptner in the S. pulchra group (Kleijne & Cros 2009). The 
planoliths of S. pemmadiscus are disc-like and may be folded into a saddle-shape 
while those of S. pulchra and S. histrica are dome-like. Dish-like exothecal muroliths 
have also been observed in members of S. noroitica Knappertsbusch and S. pulchra 
groups (Young et al. 2003; Kleijne & Cros 2009). The exothecal muroliths of S. 
pemmadiscus differ from those of the former and latter groups by having fluted inner 
walls.  

The endothecal coccoliths of Syracosphaera pemmadiscus are monomorphic, differing from 
those of many Syracosphaera spp. with dimorphic, trimorphic or varimorphic 
endothecal coccoliths (Table 2). Body muroliths of S. pemmadiscus have a rim 
consisting of a tube with a distal and a proximal flange. These are similar to members 
of Syracosphaera molischii group, which possess two flanges but differ from those of 
the S. nodosa Kamptner and S. noroitica groups which have only one (proximal), and 
the Syracosphaera pulchra group with three (distal, mid and proximal) flanges (Table 
2) (Young et al. 2003; Kleijne & Cros 2009). The coccoliths of S. pemmadiscus, as with 
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Alisphaera and Canistrolithus (Kleijne et al. 2002), have the D-units forming the distal 
flange and the upper part of the tube, and the P-units forming the proximal part of 
the coccoliths.  

Syracosphaera pemmadiscus is characterised by having deeply fluted body coccoliths. In 
contrast, most other S. spp. do not have such a feature (Table 2). S. lamina Lecal-
Schlauder is one of the syracosphaerids that shows slightly raised ridges on the 
upper wall of its murolith (Cros & Fortuño 2002; Young et al. 2003) but unlike S. 
pemmadiscus, it lacks a distal flange. S. lamina has only a proximal flange and was 
placed in the S. nodosa group by Young et al. (2003) and Kleijne and Cros (2009) 
(Table 2). Three other Syracosphaera species (S. borealis Okada & McIntyre and S. 
exigua Okada & McIntyre in the S. borealis subgroup, and S. molischii in the S. molischii 
subgroup) listed in the revised classification scheme of Kleijne and Cros (2009) also 
show a wide curved and ridged distal flange. The ridges of all these three species do 
not extend from the distal flange into inner wall as with S. pemmadiscus and thus 
differ from that of the deeply fluted, pie dish-like structure of S. pemmadiscus. 
Moreover, a small central process (spine) is sometime observed in the central area of 
the S. pemmadiscus body murolith. S. borealis (type 1), S. exigua and S. molischii lack 
such a central spine (Cros & Fortuño 2002; Young et al. 2003). As S. pemmadiscus 
shares quite a few characters possess by members of the S. borealis subgroup (e.g. 
dithecate, monomorphic endotheca, body coccoliths with either ridged or slightly 
ridged distal flanges, exotheca with saddle-shape planoliths) (Table 2), it is proposed 
that this species be added to the S. borealis subgroup within the S. molischii group.  

In conclusion, out of ten coccolithophore surveys conducted between 2009 and 2012 in the 
Southwest Pacific Ocean near New Zealand, Syracosphaera pemmadiscus sp. nov. was 
recorded only on two occasions (January–February 2009 and May 2011). Low 
abundance and rare occurrence of this species in the southwest Pacific Ocean near 
New Zealand is consistent with many observations made elsewhere around the 
world (e.g. Cros & Fortuño 2002; Young et al. 2003; Jordan et al. 2004; Kleijne & Cros 
2009). The combination of morphological features such as monomorphic endothecal 
and dimorphic exothecal coccoliths, the presence of distal and proximal flanges of 
muroliths, and most important of all, a deeply fluted wall which extends from the 
upper (distal flange) to inner wall of the dish-like murolith, are features that separate 
S. pemmadiscus from all the other species in the genus. The addition of S. pemmadiscus 
to this genus raises the current number of Syracosphaera spp. from 36 to 37.  

 
Table 1. A comparison of sizes of coccospheres/coccoliths and number of endotheca 

muroliths of all Syracosphaera species. 
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    Endo-muroliths 

Species 

Length/diameter 
of 

coccosphe
re (µm) 

Exo-coccoliths L 
(µm) 

No. of endo-
murol

iths L (µm) W (µm) H (µm) 

Coccosphere <10 µm             
Syracosphaera pemmadiscus Chang sp. nov.1 ± 7–8 ± 1.6–1.9 ± 52–64 1.4–1.8 0.8–1.2 ± 0.3 
Syracosphaera marginaporata Knappertsbusch2 3–6 1.3–1.9 28–36 1.0–1.9 nd nd 
Syracosphaera rotula Okada & McIntyre3 5–6 ±2.5 ± 44 1.2–2.3 nd nd 
Syracosphaera delicata Cros et al.3 5.0–6.5 2.4–2.8 46–50 1.5–1.7 nd nd 
Syracosphaera bannockii (Borsetti & Cati) Cros et 

al.3 
5.0–6.5 2.4–2.8 46–50 1.5–1.7 nd nd 

Syracosphaera hirsuta Kleijne & Cros2 ±5.5–9.0 1.7–2.4 ±38–70 1.2–2.6 0.8–1.5 nd 
Syracosphaera nana (Kamptner) Okada & 

McIntyre3 
5–7 1.8–2.2 50–64 1.4–1.6 nd nd 

Syracosphaera squomosa Kleijne & Cros2 ±6.0 ±2.6 ±50 1.4–1.7 0.9–1.3 nd 
Syracosphaera ossa (Lecal) Loeblich & Tappan2 6–7 2.0–2.4 26–62 1.9–2.1 nd nd 
Syracosphaera borealis Okada & McIntyre4 6–8 nd nd 1.5–2.5 nd nd 
Syracosphaera reniformis Kleijne & Cros2 ±6.8 ±2.2 ±35 1.4–1.8 1.0–1.2 nd 
Syracosphaera nodosa Kamptner3 6.5–7.5 2.5 24–44 2.3–2.5 nd nd 
Syracosphaera operculata Kleijne & Cros2 6.5–7.5 2.5–2.9 40–44 1.5–2.0 nd nd 
Syracosphaera ampliora Okada & McIntyre2 6.5–8.5 nd 38–40 2.4–2.7 1.8–2.0 nd 
Syracosphaera orbiculus Okada & McIntyre4 6–9 3–4 nd 1.5–2.5 nd nd 
Syracosphaera molischii Schiller2,3 6–9 ±2.5 34–38 2.3–2.7 nd nd 
Syracosphaera leptolepis Kleijne & Cros2 ±6–9 1.5–2.0 ±35–68 1.3–2.5 1.1–1.5 nd 
Syracosphaera serrata Kleijne & Cros2 ±8.0 ±2.7 60–70 1.4–2.4 1.0–1.7 nd 
Syracosphaera castellata Kleijne & Cros2 8–9 ±1.8 35–60 1.1–2.1 1.0–1.5 nd 
Syracosphaera hastata Kleijne & Cros2 ±6–10 2.3–3.1 nd 1.3–2.2 0.8–1.4 nd 

Coccosphere 10-20 µm       
Syracosphaera andruleitii Kleijne & Cros2 6.6–11.4 1.8–1.2 ±80–140 1.1–2.0 0.8–1.2 nd 
Syracosphaera didyma Kleijne & Cros2 8–12 3.1–3.8 34–58 2.1–3.1 1.7–1.8 nd 
Syracosphaera halldalii Gaarder ex Jordan & 

Green3 
7–12 nd 50–120 2.0–2.5 nd nd 

Syracosphaera exigua Okada & McIntyre4 7–12 nd nd 2–4 nd nd 
Syracosphaera noroitica Knappertsbusch3 9–11 2.0–2.5 46–68 1.8–2.2 nd nd 
Syracosphaera anthos (Lohmann) Janin3 9.0–11.0 3.0–5.5 40–60 2.2–2.5 1.4–1.9 nd 
Syracosphaera histrica Kamptner3 10–12 3.0–3.2 40–50 2.3–2.7 nd nd 
Syracosphaera epigrosa Okada & McIntyre4 8–13 nd nd 1–3 nd nd 
Syracosphaera tumularis Sánchez & Suárez3 10–20 4.0–4.4 up to 54 1.8–2.0 nd nd 
Syracosphaera pulchra Lohmann3 17–20 5.2–5.8 26–36 5.2–5.6 nd nd 

Coccosphere >20 µm             
Syracosphaera lamina Lecal-Schlauder3 20–40 ±3.5 80–120 3.4–3.8 nd nd 
Syracosphaera prolongata Gran ex Lohman sensu 

Throndsen3 
20–35 2.7–3.0 102–110 2.4–2.7 nd nd 

Syracosphaera prolongata Gran ex Lohman sensu 
Throndsen3 

Up to 70 ±2.4 50–66 2.0–2.4 nd nd 

Syracosphaera dilatata Cros et al.3,4 nd nd nd nd nd nd 
Syracosphaera florida Sánchez & Suárez4 nd nd nd nd nd nd 
Syracosphaera pirus Halldal & Markali4,5 nd nd nd 1.5–2.5 nd nd 
Syracosphaera protudens Okada & McIntyre4 nd nd nd nd nd nd 
1 This Study. 
2 Kleijne and Cros (2009). 
3 Cros and Fortuño (2002). 
4 Young et al. (2003). 
5 Kleijne (1993). 
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