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Reticulofenestra: A critical review of taxonomy, 
structure and evolution 
Liam Gallagher 

A discussion of the generic name 
Reticulofenestra, and its subsequent 
emendations, is given together with comments 
on ultrastructure and taxonomy. An emended 
defi nition of the genus is produced , and 
evolutionary links between species are suggested. 

·La taxonomie du groupe des Reticulofenestra est 
omplexe et confuse . .. ' 

Aubry 1983 

3.1 INTRODUCTION 
In 1966 Hay et al. proposed the generic name 
Reticulofenestra. Since then numerous authors 
have used and adapted this description in various 
,·ays without formal emendation of the original 

description. The taxonomic significance of such 
fea tures as central area grill , tube cycle and rim 
tructure is discussed with respect to previously 

pub li shed observations and the author's per
-onal research on Tertiary nannofloras from the 
:--.lo rth Sea, Cyprus, Indonesia, New Zealand and 
-outhern England. A formal emendation of the 
::enus is made together with a comprehensive 
lassification of key Reticulofenestra species. The 

terminology employed in this classification has 
een derived from the original type descriptions 

and supplemented by the author's observations. 
ca nning electron microscopy (SEM) analysis of 

reticulofenestrids at various stages of mechanical 
breakdown has revealed details of the 
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ultrastructure of these forms , complementing 
SEM, transmission electron microscopy (TEM) 
and light microscopy (LM) work previously 
published. Appreciation of the ultrastructural 
detail enables comment to be made on possible 
lines of evolution, both within the genus 
Reticulofenestra and between members of the 
family Noelaerhabdaceae. 

3.2 THE GENERIC NAME 
RETICULOFENESTRA 
In 1966 Hay et al. , introduced the generic name 
Reticulofenestra and defined the genus as follows 
(p. 386): 'Placoliths with a large central opening 
spanned by a reticulate or lacy net, a tube cycle of 
tall imbricate wedges is exposed distally, but not 
proximally, a narrow proximal rim of many thin 
rays and a wide distal rim of many tubular 
elements. Type species = R. caucasica Hay, 
Mohler and Wade 1966'. 

The most important part of this definition , the 
criterion by which Reticulofenestra species are 
differentiated from other members of the family 
Noelaerhabdaceae, is the presence, or evidence 
of the presence, of a ' lacy net '. A ' tube cycle' is 
also possessed by the other genera of this family 
and a 'large central opening' is a very subjective 
criterion which certainly does not apply to many 
accepted species of Reticulofenestra. 

Two years later, in 1968, Stradner (Stradner 
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and Edwards 1968, p. 19) gave an emended 
definition of the genus with the important 
additional observation that the tube cycle could 
be 'contracted' towards the centre of the ellipse, 
so forming a 'ceiling-like' cover to the central 
area. Stradner observed that a form with this 
structure on the distal side had been described by 
Hay et al., ( 1966) as a species of Syracosphaera . 

Edwards (1973) produced an extremely 
detailed definition of a species within the genus 
Reticulo.fenestra (R . hampdenensis), document
ing in particular the complexity of the rim 
elements. His emended diagnosis of the genus 
certainly elaborated on the structure of 
Reticulofenestra , but utilised fine detail only 
observable in the most meticulously analysed 
material (see Fig. 3.1) and excluded forms with a 
'plugged' central area (e.g. R. scissura and R. 
cal/ida) . Waghorn (1981 ), however, reintroduced 
the idea that Reticulo.fenestra can have a 
'plugged' central area via a series of diagrams 
(see Fig. 3.3), but made no formal emendation of 
the genus. 

Romein (1979) described Reticulo.fenestra in 
great detail based upon Hay et al.'s (1966) 
definition. He highlighted the characteristics, 

I - Coccol ith s radius 
2 - Distal rim 
3 - Centra l a rea 
.f - Tube cycle 
5 -Cent ral a rea gri ll 
6- Longi tudinal ridge 
7 - Chevron ridge 
8- ,- sha ped ridge 

6 
' ' 

(Romein 1979, p. 127) but omitted any detailed 
reference to central area structure. 

In 1980 Backman applied statistical analysis to 
the study of Neogene reticulofenestrids in order 
to differentiate between very similar species 
which were found at the same stratigraphical 
levels. There was no attempt to emend the 
original generic definition , but criteria for 
separating species with similar rim and central 
area characteristics were established. 

Perch-Nielsen ( 1985b, p. 86) outlined the need 
to clarify the generic and species concer:-ts of the 
family Noelaerhabdaceae ( = Prinsiaceae; 
invalid, ICBN Art. 37.1) in order that 
biostratigraphical, ecological and other 
inferences could be made with a greater degree of 
confidence. 

Backman and Hermelin ( 1986) reiterated the 
problem of species classification and set up 
rigorous morphometric parameters for their 
recognition within a still loosely defined genus. 
Most recently Pujos (1987) set out to clarify the 
taxonomy of 'small and medium' sized 
reticulofenestrids, but in isolation from related 
species and with-no clear definition of the genus. 

Fi g. 3. 1 - Schema tic d iagra m to show the important detail s of Ret iculofenestra species. Re-drawn and modified from 
Edwa rds { 1973) 
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3.3 ULTRASTRUCTURE AND TAXONOMY 
If a morphological feature is gradational in 
na ture then clearly it cannot be used 
:axonomically without unequivocal qualitative 
da ta. In species placed in Reticulofenestra in the 
li te rature, tube cycle and central area 
· ha racteristics can be seen to be variable or 
_.,radational. This aspect of the morphology has 
· en repeatedly ignored, and new genera have 

en erected which might be better considered as 
Reticulofenestra morphovariants, e.g. 
Dicryococcites. 

Careful consideration of the ultrastructure of 
:he reticulofenestrid morphotype and of its 
;>o tential for variation (in terms both of the 
:1 umber of shield elements to the number of 
.::e nt ral grill elements , and of central grill 
_rc hitecture) , provides a working definition from 
. hich coherent, unambiguous species 
descriptions can be derived . The majority of 
. orkers have, however, continued to follow the 
ori ginal definition of Hay et.al. (1966) despite the 
:~ b ervations ofStradner (Stradner and Edwards 
I 68) suggesting the possibility of various shield 
.\ id th to central area grill width ratios and the 
ob~ervations of Waghorn ( 1981) illustrating the 

tential for central area grill variation . New 
_., ene ra have been erected when deviations from 
:he type description have been noted. 

Perch-Nielsen (1971 b, pp. 30- 31) for example 
·e cribed several species of Reticulofenestra, but 

.J o erected the new genus Cribrocentrum for 
.-o rms in which every second element of the shield 
·ontributed to the distall y projected central grill. 
Th is can be interpreted as being synonymous 

ith the 'group 3' Reticulofenestra of Stradner 
tradner and Edwards 1968, text Fig. 21) and 

:he ' partially closed ' Reticulofenestra of 
,\ 'aghorn (1981) and could be included in 
Rericulofenestra on the basis of Edwards' (1973) 
;;-mended definition . The generic names 
Cribrocentrum a nd Dictyococcites are therefore 
·onsidered superfluous as they are defined solely 
~ changes in the central area structure. On this 
sis, these particular changes should only have 
pecies ranking and not a generic one. 
Bown ( 1987) recently demonstrated that 

consistent rim structures are diagnostic features 
at family level. The family Noelaerhabdaceae 
(Jerkovic 1970) is certainly characterised by a 
consistent rim structure and therefore represents 
a clear taxonomic grouping. Changes in the 
detail of the rim structure are used to define 
genera within a family , as has been done for the 
Noelaerhabdaceae, but central area character
istics may occur repeatedly in spatially and 
temporally disjunct forms and thus are not used 
for classification above the species level. 

The nature of the reticulate grill which covers 
the central opening is considered here to be a 
feature reflecting species level. This opinion has 
been a matter of debate by previous authors. 
Stradner (Stradner and Edwards 1968) 
recognised three groups of Reticulofenestra 
based on shield width to central area grill width 
ratios , but made no taxonomic inferences other 
than to suggest that the reticulate net may vary 
within the genus. Similarly Waghorn ( 1981) 
illustrated three groups of Reticulofenestra based 
on central area structure, but again no 
taxonomic conclusions were drawn . 

In contrast Haq (1968) and Perch-Nielsen 
( 1971 b) described new genera , Stradnerius and 
Cribrocentrum respectively, on the basis of 
deviations from the central area characteristics 
of the type species of Reticulofenestra. Haq 
(1971) stated that ' plugging' of the central area 
grill is an extension of crystal growth within the 
reticulate structure and is not, therefore, of 
taxonomic value at generic level. Haq (1971 , p . 
72) also noted that types of reticulate structure 
previo usly attributed to diagenetic changes 
occurred consistently in samples from many 
different areas with different states of 
preservation, and so were of value at specific level 
(see Fig. 3.2 for examples from North Sea study 
material) . If the effects of preservation are not 
considered, conspecific specimens may easily be 
interpreted as separate species. 

The structure of Noelaerhabdaceae forms in 
cross-section has been illustrated previously by 
Romein ( 1979, Fig. 38) in his evolutionary 
lineage and by Perch -Nielsen ( 1985a, Fig. 56 as 
Prinsiaceae) in an overview of the family (see Fig. 
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1-----l Overgrown tube cycle and central area grill 

Overgrown central area grill 

R.foveolata 

r--------< Etched tube cycle and central area grill 

Fig. 3.2 - Illustration of both 'coarse' a nd 'closed' central 
areas in Reticu/ofenestra species, and the effect 
preserva tion has on such structures. Scale bars = I JJ m. 

3.3). The reconstructions of Romein ( 1979) are 
unfortunately inaccurate in a number of 
important details whilst Perch-Nielsen 's diagram 
is a simple compilation to show terminology for 
the Noelaerhabdaceae. 

Young (1987, Fig. 12) produced schematic 
cross-sections for many Neogene species, 
including the various morphotypes of 
Reticulofenestra, and also presented a diagram of 
a single reticulofenestrid element (Young 1987, 
Fig. 11) which accurately illustrated the inter
dependent relationships of the ultrastructural 
components. 

By examining broken and etched specimens in 
the scanning electron microscope it has been 
possible to elucidate the nature of the cross
section in reticulofenestrid coccoliths. A 
gradational change is seen in the structure of the 
coccoliths from Prinsius to Toweius to 
Reticulofenestra, the crucial developments of 
which involved the proximal shield and the tube 
cycle (see Fig. 3.3). In Prinsius and Toweius 
Romein ( 1979, Fig. 38) considered the 'upper 
centro-distal cycle' to lie as a' 'crown' on top of 
the ' lower centro-distal cycle' , which is an 
extension of the proximal shield . However, by 
tracing the tube cycle development through 
Prinsius and Toweius to Reticulofenestra it is 
clear that the inner tube cycle ( = 'upper centro
distal cycle') is a projection of the proximal 
shield, whilst the outer tube cycle ( = ' lower 
centro-distal cycle') fuses with the elements of the 
shields (see Fig. 3.3). The representation of the 
central area grill as 'doubled ' (in R . dictyoda and 
R. umbilicus) by Romein ( 1979, Fig. 38) is an 
attempt to produce a structure from the 'upper 
centro-distal cycle' (of Toweius) which would 
otherwise have to be lost. SEM has revealed that 
the proximal shield is not doubled in 
Reticulofenestra, as it is in Toweius and Prinsius; 
micrographs of reticulofenestrids which do show 
separation of the proximal shield (e.g. Perch
Nielsen 1972, Plate 7, Fig. 5) are considered to be 
of slightly etched specimens of Toweius, not 
Reticulofenestra. 

Theodoridis ( 1984) erected two new species of 
Reticulofenestra, using the original diagnosis of 
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Fig. 3.3 - Schematic diagram illustrating ultrastructural detail of Noelaerhabdaceae forms in cross-section and the 
development of these in the evolution of the group. 
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Hay et al. (1966) as a basis for identification. He 
also considered the generic name 
Cyc/icargo/ithus to be a junior synonym of 
Reticu/ofenestra. The type description of 
Cyc/icargo/ithus clearly states that an open 
central area must be present, whereas the type 
description of Reticulofenestra (and 
emendations) states that a central area grill must 
be present. The lack of a central area structure of 
any kind is clearly a characteristic worthy of 
generic status, as opposed to refinements of a 
central area st ructure (e.g. Cribrocentrum) which 
are not. Both R. rotaria and R. amp/iumbilicus 
must , therefore be assigned to Cyclicargo/ithus, 
together with R .floridana. 

3.4 SYSTEM A TIC CLASSIFICATION 
Family: Noelaerhabdaceae Jerkovic 1970 

Genus: Reticu/ofenestra Hay, Mohler & Wade 
1966 emend. 

Type species: Reticu/ofenestra umbilicus (Levin 
1965) Martini & Ritzkowski 1968. (Synonymy: 

R. caucasica Hay, Mohler & Wade 1966.) 

Emended diagnosis: elliptical to circular 
placoliths in which the central area contains a 
grill of variable geometry and a central area tube 
cycle. Both proximal and distal shields are bright 
under crossed-polarised light, with strongly 
curved extinction lines, and the di stal shield 
elements are imbricated. 
Description: placoliths, circular to elliptical in 
outline and concavo-convex in side view, 
consisting of two appressed shields (structurally 
a single unit including the tube cycle) and a 
cen tral opening spanned by a reticulate grill of 
variable geometry. The proximal shield contains 
a number of radial to slightly imbricated 
segments which are extended in a variety of 
combinations into the central opening to form 
the central grill and are projected distally to form 
the tube cycle which lines the margin of the 
central area and abuts the elements of the distal 
sh ield. The distal shield consists of wedge
shaped , imbricated laths sepa rated by oblique 
sut ures. These sutures a re sha rply kinked 

adjacent to the tube cycle. Projection of the tube 
cycle can give the central area a closed 
appearance and differential crystal arrangement 
or preservational effects may give the central grill 
a 'plugged' appearance (see Fig. 3.3). 

A full synonymy for both the genus and key 
species is listed in Gallagher (in prep.). The 
following species are here placed in the genus 
Reticu/ofenestra Hay, Mohler and Wade, 1966 
emend. : 
Species: 

Basionym: 

Species: 

Basionym: 

Reticulofenestra martinii (Hay & 
Towe, 1962) nov. comb. 
1962 Cyathosphaera martinii Hay & 
Towe, p. 510, Plate 4, Figs. ?2,3,4. 
Reticu/ofenestra producte//a (Bukry, 
1975) nov. comb. 
1975 Crena/ithus producte//us Bukry, 
p . 690. 

See compendium for full discussion of these 
species and their synonymy. 

3.5 EVOLUTION 
(a) Introduction 
A number of studies have considered aspects of 
the evolution of reticulofenestrids, either with 
respect to one species (or more strictly 
'morphotype') evolving into another (Backman 
1980, Back man and Hermelin 1986) or aspects of 
the development of the family Noelaerhabdaceae 
(Romein 1979). However, no attempt has been 
made to trace the evolutionary links of all 
Reticulofenestra species, to group them on the 
basis of their ultrastructure , and to relate the 
structures within the family Noelaerhabdaceae 
in a taxonomical sense. The problems of 
classification within this group are notorious and 
a matter of dispute. It is probably due to this 
complexity that no previous attempt has been 
made to establish a comprehensive evolutionary 
scheme. 

Electron micrographs and light micrographs 
were used, in association with published 
information, to classify all species considered to 
be va lid and within the emended definition of 
Reticulofenestra and to relate these in an 
evolutionary framework (Fig. 3.5). Romein 
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1979, p. 72) traced the evolution of the family 
. oelaerhabdaceae from its inception in the 
ea rliest Palaeocene from Prinsius petalosus (a 
~occolith of extremely simple construction), 
·h rough the development of the genus Toweius 
in which two tube cycles become well 

_,- tablished) , to the earliest form of 
Reticulofenestra (R. dictyoda). Since Romein's 
1979) study, however, there have been 

"'mendations to the ranges of a number of 
Toweius species (e.g. T. eminens, T. tovae) and the 
recognition of some new forms; thus the early 
art of the lineage requires modification. 

b) Prinsius development 
The transition of P. petalosus to P. dimorphosus 
.\·as well documented by Romein (1979, p. 71), 
:he gradual reduction in the 'crown' of elements 
giving rise to a simply constructed coccolith, 
ell iptical in outline with one or two rows of 
"'lements in the tube cycle. The reduction of the 
· rown of elements in P. petalosus may also have 
)ven rise toP. africanus and P. tenuiculus in the 
Early Danian with the development of a single 
-ow of elements in the tube cycle and a circular 
outline. The lineage from P. dimorphosus 
·hrough P. martinii to P. bisulcus can be clearly 
raced in the Early Palaeocene via more regular 

arrangement and greater number of shield and 
ube cycle elements. It is clear from the 
ltrastructure that the Palaeocene development 

of the family Noelaerhabdaceae does not involve 
ny relatively 'complex' (in terms of structure) 

lower Danian Biscutum forms such as B. 
romeinii, but may include 'simpler' Biscutum 
· pecies with a similar rim construction to P. 
ewlosus and P. africanus, or perhaps 

Prediscosphaera-like coccoliths. 

c) Toweiusdevelopment 
P. bisulcus gave rise to T. pertusus in the late 
Early Palaeocene which then, by rapid 
evelopment of the inner tube cycle, gave rise to 

T. eminens, T. tovae and T. selandianus. Romein 
1979, p. 73) considered T. pertusus to be the 

ancestor of all subsequent species, but the 
number and diversity of reticulofenestrid species 

which develop in the first few million years of 
their existence may indicate polyphyletic origins 
(see Figs. 3.4 and 3.5). 

(d) Early development of Reticulofenestra 
T. crassus ( = T. callosus) is assumed to have 
developed from -T. pertusus in the Late 
Palaeocene by contraction of the inner tube cycle 
elements and subsequent loss of the distally 
projected grill. T. crassus and T. pertusus range 
into the Early Eocene where they gave rise to R. 
dictyoda and R. martinii respectively. The 
development from Toweius to Reticulofenestra 
involved a realignment of the shield crystals' 
orientation, as seen in the change from a dark to 
a bright image under cross-polarised light, but 
the processes involved in this change are poorly 
understood . Perch-Nielsen (1985a, p. 505) 
commented on the similarity in appearance ofT. 
crassus and R. dictyoda in the light microscope. 
R. martinii is seldom referred to in the literature, 
but its strongly constructed central area grill 
closely resembles that ofT. pertusus in proximal 
VIeW. 

The key developments in the transition from 
Toweius to Reticulofenestra are the loss of the 
outer tube cycle (fused with rim elements of the 
distal shield), an increase in imbrication of the 
rim elements and an increase in the birefringence 
of the rim in cross-polarised light. 

(e) Middle Eocene development of 
Reticulofenestra 
The Middle Eocene was a time of rapid 
diversification for the reticulofenestrids with 
approximately ten new species arising within ten 
miilion years . R. dictyoda gave rise toR. h;t!ae by 
an increase in overall size and central area 
opening, and toR. scrippsae by distal contraction 
of the tube cycle elements over the central area 
opening. The first occurrence datum of R. 
scrippsae is uncertain because of taxonomic 
confusion (see discussion of No. 40 m 
compendium) . 

In parallel with these developments, R. 
martinii gave rise to R. minuta (there is some 
dispute as to whether Eocene forms should be 
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called R. insignita; see Pujos (1987, p.250)) by a 
reduction in size and ellipticity. R . coenura also 
developed at this time from R. martinii by 
expansion of the central area opening and 
reticulation of the central area gri ll (visible in 
crossed-polarised light). Subsequent diver
sification from R. coenura included R. foveolata 
by a reduction in overall size and slight 
thickening of the central area grill at its centre, R. 
ca/lida by strengthening of the tube cycle and 
'plugging' of the centre of the central area grill, 
and R . reticulata by evolution of a circular 
outline and a distinctive reticulate grill structure. 

Middle Eocene diversification continued with 
the separation of R. umbilicus from R. hillae at an 
overall placolith size of 14 J.l m (Backman and 
Hermelin 1986) which is recognisable as forming 
a distinct population at 44.5 Ma R . scissura 
developed from R. scrippsae at this time also, by 
an increase in overall placolith size although no 
limits have yet been set. R. daviesii, a form very 
similar toR. callida, is seen to arise in the Middle 
Eocene by the addition of pores in the central 
area 'plug'. 

(f) Late Eocene to Pliocene development of 
Reticu/ofenestra 
Ancestors for Late Eocene forms a re less easy to 
recognise. R. oamaruensis, an enigmatic species, 
may have evolved from large forms of R. coenura 
(or R. onusta) - its range is very limited and 
published references are scarce. R. laevis is well 
documented by Roth ( 1970, p. 850) from the 
Middle Oligocene of Alabama and appears to 
have a natural ancestor in R. reticulata . 
However, since their published ranges do not 
overlap this link is questiona ble. The range and 
geographic distribution of R. gartneri is poorly 
understood owing to taxonomic confusion 
involving R. hesslandii (see Pujos 1987) and a 
scarcity of published information, but it 
probably descended from R. hi/lae at the end of 
the Eocene and is a possible ancestor for R. 
pseudoumbilicus in the Middle Miocene. 

The progression from R. perplexa to R. 
producte/la has been discussed previously 
(Backman I 980, Pujos I 987) and, depending on 

latitude, the former gives rise to the latter at some 
time within the Late Miocene. The most likely 
ancestor of R. perplexa is R . scrippsae as it 
possesses the distinctive 'closed' central area. 
Back man ( 1980, pp. 44---45) defined the limits of 
size by which R. minuta ( < 3 J.l m) and R. minutula 
( > 3 J.l m) should be separated. The change 
appears to occur at the base of the Miocene 
although confusion with taxonomy may move 
this into the Middle Miocene. 

The evolutionary lineage described here 
divides the Noelaerhabdaceae genera Prinsius, 
Toweius and Reticulofenestra into five easily 
differentiated groups (which do not represent 
taxonomic divisions) see Figs . 3.4 and 3.5. 
(I) Open: the tube cycle produces a 'collar' 

around the margin of the central area, but 
does not contract towards the centre. The 
reticula te grill structures are finel y 
constructed in the Reticulo.fenestra forms . 

(2) Closed : reticulofenestrids in which the tube 
cycle is contracted over the central area so 
as to cover the central area grill. Members 
of this group have previously been assigned 
to the genus Dictyococcites. 

(3) Dark : thi s group is restricted to small 
Prim·ius and Toweius species in which the 
rim elements remain dark in cross-polarised 
light. 

(4) Small: confined to forms of Reticulo.fenestra 
with an overall placolith size of 
approximately 3 J.l m. 

(5) Coarse: representatives from this group 
consistently possess a coarse central area 
grill. Members of this group have 
previously been assigned to the genus 
Cribrocentrum . 

3.6 COMPENDIUM OF RETICULO
FENESTRA SPECIES 
The following set of tables is an attempt to bring 
together all the commonly referenced species of 
Reticulo.fenestra in order that cross-references of 
similar forms may be made and is an advance on 
the chart produced by Perch-Nielsen (1985b, p. 
86) in which simple but inflexible and ambiguous 
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ructures were listed. 
The information presented for each species is 

:aken from its type description, literature 

sources, and the author's personal observations, 
then edited and the terminology standardised, in 
the following format. 

pecies name 
-\uthor(s) 
Type locality 

-\ge range 
hape and size 

Re marks 

I) R. alabamensis 
Roth 1970 
Base of Red Bluff Fmn, Lone 

ta r Cement Qy, Alabama, 
CSA 

Rim structure 
Proximal and distal shield characteristics. 

Central area structure 
Tube cycle and central area grill characteristics. 

Distal shield has 35-40 tabular elements which imbricate strongly 
dextrally, sutures radial at periphery, but bend counterclockwise at 
the centre. Proximal shield is slightly smaller with a similar arrange
ment and number of elements. 

Ea rly Oligocene (NP21 - NP23).Siits between bars of central grill along the periphery. The bars join in 
mall, elliptical outline. the centre to form a raised area with irregular perforations. Central 

Holotype length = 3.2 11 m, area = 50% of total coccolith area . The tube cycle consists of 
J\'erage length = 3.5-4.6J1 m sinistrally imbrica te tabular elements. 

Remarks: Roth (1970) differentiated this species from R.foveolata on the basis that it had a smaller 
' entral area grill , an outer cycle of narrow slits and some small pores in the elevated central portion. 
However, illustrations in Haq (1971) indicate that the two species are very similar in terms of size and 
~entral area characteristics. Waghorn (1981) placed R. c/atrata in synonymy with R . alabamensis, 
~\'en though the former may be up to twice the size of the latter. As the holotype of R. clatrata is 
oorly preserved it is difficult to tell whether this is correct or not. 

2) . R. ampliumbilicus 
Theodoridis 1984 

icily, Italy. 

\ fiddle Miocene H. orientalis 
· ubzone (NN6). Large, 
· ubcircular, often circular 
out line. 
Holotype length = 9.0 Jlffi . 

Birefringent proximal and distal shields. No data were presented for 
the number and arrangement of shield elements, and in the absence of 
electron micrographs it is not possible to comment on these. 

Large central opening, apparently lacking a central area grill. No 
details of the tube cycle were given and cannot be interpreted from the 
holotype micrographs. 

Remarks: this species lacks a central area grill of any kind and is, therefore, incorrectly described as a 
- ecies of Reticulofenestra. It is mor~ likely to belong to the genus Cyclicargolithus, but no formal re
~ombination can be attempted until electron micrographs are available. 

~) R. bisecta 
Hay, Mohler & Wade 1966) 
oth 1970 
·a l'chik, Nal 11. 

Broad distal shield of 66 elements, which are wedgeshaped and 
dextrally imbricate in distal view. Sutures inclined slightly clockwise. 
Proximal shield is smaller with the same number of elements (radial). 
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Middle Eocene to Oligocene Plates normally cover distal side of central area, but a central grill is 
(NPI5- NP25) . proved by electron micrographs. Every third shield element con
Elliptical. Holotype length = tributes to the construction of the central grill. The tube cycle has 
8.2 J1 m, holotype width = 'multiple' cycles of imbricate tabular elements. 
7. IJ1 m. Average length = 8.0-
li .OJl. m , average width = 7.0-
9.5J1 m. 

Remarks: this form was first described in the same article as R. scissura (Hay, Mohler and Wade 1966) 
under the generic name Syracosphaera. It is now known that R. scissura and S . bisecta are the same 
species originally illustrated in different views. R . scissura was first chosen over S. bisecta and all 
forms subsequently described as R. bisecta must be re-named R . scissura. 

(4) R . callida 
(Perch-Nielsen 1971) 
Bybell 1975 
Orby, Denmark. 

Early Eocene to Middle 
Oligocene (NPI3- NP23). 
Elliptical (rounded). 
Holotype length = 7.0 J1 m. 

Distal shield is composed of 50-70 elements; each element forms a 
point at the margin. The sutures of the distal shield are sharply bent 
clockwise adjacent to the tube cycle. The proximal shield is slightly 
smaller than the distal shield, but has the same number of elements. 

Diagnostic knob in centre of central area with slender radiating rods 
connecting it to the collar. Each tube cycle element merges into a 
central area grill element. (only every second element according to 
Perch-Nielsen (1971 b)). 

Remarks: a similar species to R. daviesii, but readily distinguished in the electron microscope (less 
easily in the light microscope) by a complete lack of pores in the central area knob. 

(5) R . clatrata '1 

M iiller 1970 
Bohrung Doberg I O,Om, 
Germany. 

Oligocene (NP23- NP24). 
Elliptical. 
Length = 8.0- 10.0 J1 m. 

Both proximal and distal shields have 30-40 elements. The poor 
quality of the holotype micrograph prevents comment being made on 
the imbrication of the elements and/or the inclination of the sutures. 

Large elliptical central area, wide central area grill which has 18- 25 
rods meeting in the middle to form an irregular grill. The rods 
emanate from a small inner ring of 36 elements ( = tube cycle). 

Remarks: may prove to be a junior synonym of R. alabamensis (see (I)) and, therefore, a junior synonym of 
R. foveolata. 

(6) R. coenura 
(Reinhardt 1966) Roth 1970 
Dolgen 1/63, Germany. 

Early Eocene to Late 
Oligocene (NP 13- NP25). 
Elliptical. 
Diameter= 5.0- 10.0 J1 m. 

50- 60 elements in the distal shield. Proximal shield is smaller by the ratio 
I 0:8 , but has the same number of elements. The elements slope down to 
the periphery which has a serrate edge. 

Central area is 40- 50 % of the total coccolith area. There are 
numerous small perforations in the central area grill which also has a 
groove along its axis. 
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~ marks: R. coenura is a species distinguished by its relatively large central area grill which is coarsely 
-e iculate. Perch-Nielsen (197lb) provided excellent electron micrographs of this species and other 
pecies which it most resembles (e.g. R . foveolata), enabling the relevant distinctions to be clearly 

-:tade. 

- ) R. danica 
Black 1967) Roth 1970 

0 rey Marls, Grundfor, 
-r Aarh us, Denmark . 

I iddle Eocene to Oligocene 
);PJ5- NP25). 

3roadly elliptical. Holotype 
.:1 tal shield = 7.2 J.1 m x 6.0 
_ m. Holotype proximal shield 
= 6.0 J.1 m x 5.0 J.1 m. Central 
pening = 2.8 J.1 m x 1.8 J.1 m. 

40-60 slender and smoothly curved elements in each shield. Sutures 
only faintly visible. 

Central opening surrounded by a cycle of imbricate, wedgeshaped 
elements (tube cycle) only visible on the distal side. Central area grill 
bars are straight and join along the major axis of the ellipse. 

~emarks: described as having a larger central area and straighter non-anastomosing central area grill 
rs than R . scissura. However, only the proximal view is represented in the type description and it is 

_ nsidered here that R . danica should be placed in synonymy with R. scissura. 

_) R. daviesii v 
Haq 1968) Haq 1971 
-w Germany 

Eocene to Miocene (NP14-
·. 4?). 

Ell iptical. 
Holotype length = 7.6 J.1 m, 
Holotype width = 6.4 J.1 m. 

Numerous laminar elements in both proximal and distal shields 
which are slightly imbricate. Sutures inclined sharply clockwise 
adjacent to the tube cycle. 

I 0- 15 pores merge to form a reticulate structure with numerous 
smaller pores. The central area is 40- 50% of the total coccolith area. 
Septa form from every second or third shield element. The tube cycle 
consists of a number of inclined elements which may stand above the 
level of the distal shield. There is a perforate ' knob' in the centre of the 
central area grill. 

Remarks: very similar toR. callida in its general ultrastructure, but differentiated by the presence of 
11any small pores in the central area knob. 

) R. dictyoda 
Deflandre & Fert 1954) 

- radner, in Stradner & 
Edwards 1968 
Donzacq , France. 

Early to Middle Eocene 
~P12-NP16) . 

Wide shields with 40-60 wedgeshaped elements. The distal shield is 
25- 30% larger than the proximal, both shields have the same number 
of elements. 

Central area relatively small (25% of total coccolith area) contains a 
grill which has long holes at the margin and irregular ones in the 
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El 1ptica l outline. 
L~. = h = 4.0- 10.0 ll m, 

h = 3.9- 9.0 ll m, 
• , ra J grill = 1.2-4.0 )1. 

centre. Rods are derived from every second proximal shield element. 
The tube cycle is well developed with many inclined elements. 

e;na rks: Stradner and Edwards ( 1968, pp. 19- 20) described this species in detail, placing it in the 
Reticulofenestra. However, their illustrations are of species other than R . dictyoda; hence see 

HJ ( 1971) for illustrations. 

10) R.falcata The larger distal shield has approximately 50 elements which are 
Ga rtner & Smith 1967) terminated in a rounded point. Viewed proximally the sutures of the 

Roth 1970 distal shield are slightly curved, inclined clockwise and imbricate 
Yazoo Fmn, Louisiana, USA. sinistrally. 

\! iddle Eocene- Oligocene 
"\""P 15- NP25). Slightly 
lli pt ica l. Maximum diameter 

= - .S ).lm . 

The central opening is elliptical and contains the remnants of a grill. 
The tube cycle is an elliptical cylinder having knob-like protrusions 
where it joins the proximal shield. 

Rema rks: the electron micrographs shown by Gartner and Smith (1967, Plate 1, Figs. 5 and 6) are 
m oncl usive, but strongly resemble R. scissura; thus R. falcata is superfluous and is considered a 
JU nio r synonym of R. scissura. 

11) R .jloridana \J 
Roth & Hay in Hay et al. 

- ) Theodoridis 1984 
JO ID ES 5, Blake Plateau, 
: 5.1 ft I Oi n below top. 

Placolith with 40-41 dextrally imbricate elements separated by 
sutures having a slight clockwise inclination on the distal surface, but 
straight on the proximal surface. Both proximal and distal shield have 
the same number of elements. 

1ddle Eocene to early MiddleThe tube cycle consists of a series of stout, uneven blocks. The central 
1 ene ( PI4-NN6). opening is approximately 33% of the total coccolith area and lacks a 

C1~ ula r to broadly elliptical. grill of any kind. 
Holo type diameter = 3.6)1 m. 
P .ira ype diameter = 4.1 -

m . 

R~ ar : Theodoridis (1984, p. 85) assigned this form to the genus Reticulofenestra rather than 
C !Icargo!ithus. However, as no central area grill of any style or geometry has ever been found it is 
, n_Idered to belong to the genus Cyclicargolithus. 

I: R .. oreolata 
e. ha rdt 1966) Roth 1970 
>r ng Bad Doberan, 5/61. 

' .:.::e Eocene to Late 

Distal shield of 34-36 elements; the proximal shield is 10% smaller, 
but has the same number of elements. Perch-Nielsen (1971 b) quotes 
50- 70 elements in the shields. 

Central area is 60% of the total diameter. The septa enclose long 
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Oligocene (NPI4-NP23). 
mall , elliptical. 

Length = 2.5- 6.0 J.l m, 
,·idth = 2.0- 2.3 J.l m. 
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pores. An outer ring of slit-like perforations surrounds an area 
pierced by 18- 26 small , circular holes. Tube cycle of flat rectangular 
crystals. 

Remarks: Roth ( 1970, p. 848) differentiated this species from R. insignita by its narrower rim and 
e wer elements and by its more elongate pores in a relatively larger central area grill. Comparison of 
he type figures of R.foveolata, R . insignita and R. alabamensis suggests strong similarity between the 

-ha racteristics listed above (differences attributable to preservational effects?) and it is suggested that 
·he two latter species be placed, therefore, in synonymy with the former as it was the first to be 

escribed. 

13) R. gabrielae 
Roth 1970 
13ft above base of Red Bluff 
Fmn, Lone Star Cement Qy, 

labama, USA 

ligocene (NP21 - NP25). 
·ery small. 

Length = 1.8 J.l m. 

18- 22 wedgeshaped, dextrally imbricate elements in the distal shield. 
Elements are separated by radial suture lines. Detail of the proximal 
shield is not known . 

Relatively large central area grill with approximately 50 pores 
arranged regularly more or less parallel to the ellipse. No wedges 
present around central area grill ( = no tube cycle present). 

Remarks: the fact that the tube cycle is absent is clearly a preservational trait and there is no valid 
- ason to erect a new genus. R. gabrielae is similar to R. foveolata , but has fewer elements, more 
.:-t rcular perforations, and is much smaller. 

14) R . gartneri Distal shield has 150 fine , thin elements which are inclined counter-
Ro th & Hay in Hay et al. clockwise in distal view. The proximal shield is slightly smaller than 

67 JOIDES 5, Blake Plateau,the distal shield with the same number of elements. 
:-. .m I Oin below top. 

Ea rly Oligocene to Early 
1 iocene (NP21 - NN4). 

Broadly elliptical , smooth 
utline. Length = 5.8 J.lffi . 

Central grill perforated by approximately 120 small holes which are 
circular to oblong in shape. There are no marginal slits . The tube 
cycle consists of a ring of imbricate elements. 

Remarks: R. gartneri lacks the slits around the margin of the central area as seen in R . caucasica and 
R. insignita according to Roth and Hay in Hay et al. ( 1967) and has a wider outline and more pores in 
:he relatively smaller central area. The electron micrograph figured as the holotype resembles R. 

tJenura, but has a more finely perforate central area grill. Pujos (1987) noted that this form is 
Jti tudinally restricted and, presumably for this reason, rarely quoted in the literature. It is considered 

:o be a possible ancestor of R . pseudoumbilicus and may be synonymous with R. tenuistriata (Varol 
rs . commun.). 
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(I 5) R. gelida 
(Geitzenauer 1972) 
Backman 1978 

Reticu/ofenestnr. A critical review of taxonomy [Ch.3 

Numerous (68- 74) slightly imbricated elements in the distal shield. 
Between crossed-nicols the entire shield is strongly birefringent. 
Extinction cross clearly visible to th.e edge of the shields. 

Pacific Subantarctic deep sea 
core, Eltanin 25- 11, 520- 640 cm. 

Middle Miocene- Pliocene. 
(NN4-NN18). 
Oval shaped. 
Size= 6.0- 12.0,u m. 

Central area usually filled with a wall of irregularly shaped calcite 
crystals ( = tube cycle). Central opening circular to slit like. No bridge 
in central area. 

Remarks: clearly differentiated from C. pe/agicus as outlined by Geitzenauer (1972), but not so 
definitely from R . pseudoumbilicus as discussed by Backman (1980). Only in high latitudes and in 
placoliths exceeding 140 .u m2 in area can a difference be detected, and only then in the size of the 
central opening. Pujos ( 1987) considered R . gelida to be a subspecies of R. pseudoumbi/icus. However, 
this is unnecessary splitting and it is recommended herein that R. ge/ida be considered a junior 
synonym of R. pseudoumbilicus. 

( 16) R . hampdenensis 
Edwards 1973 
Hampden Fmn, above basal 
Greensand, Hampden Beach, 
New Zealand. 

Early Eocene- Oligocene 
(NP13-NP24). 
Oval to subcircular. 
Holotype length = 3.7 J.l m. 

28- 55 strongly sinistrally imbricate elements in both shields. 
Proximal shield has parallel sutures and a serrate margin, whereas the 
distal shield is made up of narrow wedgeshaped elements with 
counterclockwise inclined sutures. 

'Marginally spoked and centrally hubbed' central area. Fenestrate 
part of the grill results from 50-90% of the proximal shield elements 
attenuating into the central opening. The tube cycle is a wall of 
distally expanding laths with parallel sutures. 

Remarks: Edwards ( 1973) examined thousands of light and scanning electron micrographs of forms 
which he assigned to R. hampdenensis, being unable to find natural criteria to split them. He 
demonstrated how R. hampdenensis could be distinguished from R . dictyoda and R . p/acomorpha, but 
the holotype is thought to be a specimen of R . coenura, making R. hampdenensis a junior synonym of 
R . coenura. Detailed examination of topotype material revealed an assemblage containing R. 
coenura, R . foveo/ata, R . ca//ida and R . daviesii where Edwards (I 973) had only listed R. 
hampdenensis. 

( 17) R . haqii 
Backman 1978 
Vera Basin, sample 11 . 

Early Miocene to Late 
Pliocene (NN1 - NN18) . 
Small, elliptical. 
Length = 3.0- 5.0 J.l m, 
central opening = 1.0- 1.5 .u m. 

Distal and proximal shields equal in size and built up of 40-50 
elements each. The narrow crystal elements are not discernible in the 
light microscope. 

Tube cycle may distally consist of coarse crystallites, but is thin in 
many specimens. Small central opening, in which a grill may be seen 
on the proximal side. 
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Remarks: resembles R. pseudoumbilicus in possessing a central opening surrounded by a tube cycle 
and in having rather similar crossed-nicols images, but it is distinguished by its consistently smaller 
-ize. Back man ( 1980) separated R. haqii from R . minuta and R. minutula on the basis of very small 

itferences in the overall diameter and central opening diameter. Pujos (1987) recognised R. haqii and 
R. minutula as ecotypes of the same species. As their spatial and temporal distributions are closely 
similar there is no reason to separate R. haqii from R. minutula; thus the former is considered a junior 
-ynonym of the latter. 

( 18) R. hesslandii 
( Haq 1966) Roth 1970 
Ta bqa, NW Syria. 

39 elements in proximal shield , 40--45 elements in the distal shield. 
Roth ( 1970) quoted 60 elements in the proximal shield. Sutures of 
distal shield are inclined sharply clockwise adjacent to the tube cycle. 

\tliddle Eocene to Oligocene Coarse central grill. Central opening is approximately 20% of the 
( Pl6-NP25). total size of the coccolith. The grill is composed of irregular, twisting 
Very variable in size, shape bars. The tube cycle consists of 6-8 large, irregular elements. 
and number of shield elements. 
Usually circular to subcircular. 
Diameter = 2.8- 9.1 11 m, 
entral opening = 0.5 11 m. 

Remarks: distinguished from C.floridanus by the presence of a coarse grill in the central area. It is 
obvious that the taxonomy of this species is in considerable doubt as Backman ( 1987) considered it to 
be synonymous with R. scrippsae, whilst Pujos ( 1987) separated them on the basis of overall size; R. 
crippsae 7.6-10.011 m, R . hesslandii 2.8-6.3 11 m, and suggested that R. hesslandii evolved from R . 

scrippsae. 

( 19) R. hillae 
Bukry & Percival 1971 
Shubuta member, 
Yazoo Clay, Chickasaway R. , 
Mississippi, USA. 

Middle Eocene to Early 
Oligocene (NP16-NP22). 
Large elliptical outline, wide 
elliptical tube cycle and small 
central area. 

Wide shields very similar to those of R. umbilicus. The distal shield 
elements are slightly imbricated, whilst those in the slightly smaller 
proximal shield are more or less radial (same number in each shield). 

Thick, wide, elliptical tube cycle. Small central opening, approxi
mately 33% of the total length of the coccolith . Fine central area grill 
visible in the electron microscope. 

Remarks: R. hillae is differentiated from Cyclicargolithus abisectus by its elliptical shape and larger 
entral opening. The distinction from R. umbilicus, however, based on a wider tube cycle and 
orrespondingly smaller central opening is less certain. Backman and Hermelin (1986) conducted a 
horough morphometric study on these two species and found a complete gradation in terms of 

overall size and central opening size. They concluded that R. hillae may be an ecophenotype of R. 
umbilicus, but for biostratigraphic purposes a diameter of < 14 11 m should be used to recognise R. 
hillae and > 1411 m for R. umbilicus. 
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(20) R. inclinata c 

Roth 1970 
JOIDES 5, Blake Plateau, 
484ft below top. 

Chevron-shaped elements in distal shield; 34-40 tabular and dextrally 
imbricate. Suture lines inclined counterclockwise in outer half of 
shield, then turn sharply in inner half of shield. Proximal shield is 
slightly smaller than the distal shield, but has the same number of 
elements. 

Oligocene (NP21 - NP25). Central grill has nearly straight bars with long intermediate slits. 
Narrow elliptical outl ine . Central area occupies approximately 66% of the total length of the 
Length = 3.8 J.1 m. coccolith. No apparent tube cycle. J 

Remarks: the identity of this species is in some doubt because of the poor preservation of the l:lolotype 
(tube cycle absent) . The lack of published references since its original description is testimony to its 
somewhat ambiguous position . 

(21) R. insignita 
Roth & Hay in 
Hay et a!, 1967 
JOIDES 5, Blake Plateau, 
41Oft below top. 

Oligocene (NP21 - NP25). 
Narrowly elliptical. 
Length = 3.7 J.1 m. 

Large number of fine elements in the distal shield. Proximal shield is 
constructed of approximately 50 elements separated by sutures with 
slight counterclockwise inclination in proximal view. 

Slits around the margin of the central area. 36 round perforations in 
the central grill which takes up approximately 50% of the total area 
of the coccolith . The tube cycle consists of narrow rectangular 
elements. 

Remarks: R . insignita is distinguished from R. gartneri by having a more narrowly elliptical outline, 
relatively larger central area, and by having a ring of slits around the margin of the central area. It is 
difficult to imagine how these two species can be confused when Pujos ( 1987) compares R . insignita to 
R. minuta, and R . gartneri toR. pseudoumbilicus- a potential size difference of I 0.0 J.1 m. R. insignita 
closely resembles R.foveolata and may prove to be a junior synonym of it. Pujos ( 1987) also discussed 
the possibility that R. insignita may have been ancestral toR. minuta. 

(22) R. laevis 
Roth & Hay in 
Hay et al. 1967 
JOIDES 5, Blake Plateau, 
337ft 11 in below top. 

Oligocene (NP21 - NP25). 
Subcircular outline . 
Holo type length = 6.4 J.1 m. 

Distal shield subcircular and smooth , composed of approximately 
140 poorly defined elements. Proximal shield is 85 % of the size of the 
distal shield and also has a large number of elements . Margin finely 
serrate and sutures inclined counterclockwise. 

Small round central opening spanned by a grill of approximately 30-
40 small round perforations. Tube cycle elements show strong 
imbrication. 

Rema rks: the di sta l shield has an outer cycle of 60-80 elements, not 140 as stated in the type 
descripti on. Tt is also described as the most nearly circular species of Reticulofenestra, but this does 
not ta ke account of R . reticula/a which was described in the same year as R. laevis and which is almost 
perfectly circula r. Tt is possible that the close similarity in morphologies of these two species 
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represents an evolutionary link. However, there is a gap between their published ranges; thus this link 
remains tentative. 

23) R. lockeri ' 
\1 tiller 1970 
Farve I, 149.0- 150.0 m 

Oligocene (NP23/24). Mildly 
~ ll iptical outline. Diameter = 

~ . 0- 12.0 J1 m. 

Distal shield has 50- 60 fine, radially arranged elements. The 
proximal shield has a similar number of elements as the distal shield, 
but is slightly smaller. 

Large elliptical centrai area grill which has a number of more or less 
regular pores. In the tube cycle there are 20- 22 almost rectangular 
elements. 

Remarks: Waghorn (1981, p. 53) considered this form to be a junior synonym of R. coenura. The 
.:entral area of the holotype as illustrated by M tiller (1970) is preservationally altered , and thus 
di fficult to classify. Overall size, shape and shield structure appear consistent with placement in R. 
, oenura. 

_4) R. martinii 
Hay & Towe 1962) 

no v. comb. 
Tuilerie de Donzacq, 
Landes, France. 

Eocene (NPI1 - NP15). 
hields narrow, elliptical 

outline. 
Holotype length = 2.2 J1 m. 
Length = 1.9- 2.9 J1 m, 
',\·idth = 1.3- 2.4 J1 m. 

Distal and proximal shields with the same number of elements, some 
of which contribute to the central area grill. Proximal shield slightly 
smaller than the distal shield with approximately the same number of 
elements. 

Tube cycle has 25 wedgeshaped, dextrally imbricate elements , the 
sutures of which have clockwise inclination. Each element of the 
proximal shield contributes to the central area grill. 

Remarks: a little-known species characterised by a lack of reticulation in the central area grill , which 
.: nsists of a relatively small number of coarse rods meeting along the long axis of the coccolith. 

~ 5) R. minuta 
Ro th 1970 
lOft above base of Red Bluff 
Fmn, Lone Star Cement Qy, 
-\labama, USA. 

Ea rly Eocene to Pliocene 
. Pl3- NN18). 
·e ry small, elliptical. 

;_ength = 2.3- 4.0 J1 m. 

16- 22 elements in distal shield which are dextrally imbricate and 
wedgeshaped. The sutures are inclined in a clockwise direction. The 
proximal shield is almost the same size as the distal and consists of 
16- 26 wedgeshaped elements with counterclockwise inclined sutures. 

Ring of elements surrounds the central opening ( = tube cycle). I 0- 15 
pores in central grill separated by coarse bars. Central opening 
occupies approximately 33 % of the total area of the coccolith. 
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Remarks: R. foveolata has a larger central area and more numerous pores than R . minuta which 
appears to lack a central area grill under crossed-nicols. Back man ( 1980, p. 44-45) separated R. 
minuta and R. minutula on the basis of the former being < 3.0 J1 m in size and the lat ter being > 3.0 J1 m 
in size. Pujos ( 1987) refers Palaeogene examples of R . minuta to R. insignita (see (21 )). 

------- --

(26) R. minutula l Shields have approximately 45 imbricate elements, with subradia l 
(Gartner 1967) Haq & sutures. Each element of the proximal shield is curved in the proximal 
Berggren 1978 direction. 
200 cm depth, core 64- A- 9-SE, 
Sigsbee knolls, Gulf of Mexico. 

Ea rly Miocene to Pliocene 
(. I- NNI8). 
Small, elliptical. 
Length = 3.5 J1 m. 

Tube cycle protrudes distally and is continuous with the proximal 
shield. Central area is open distally, but contains a simple grill 
proximally. 

Remarks: differs from E. huxleyi in not having a gap between adjacent elements of the shield . Gartner 
1 1967) stated that its small size separated it from associated species in the light microscope, but this 
fai l to take into account R. minuta and R. haqii. Back man ( 1980) and Pujos ( 1987) have di scussed the 
;axonomy of these three species in detail and with conflicting conclusions. It is probably reasonable to 
mcl ude R. haqii as a junior synonym of R . minutula a nd to separate R. minuta on the criteria suggested 
b~ Back man ( 1980) (see (25)). 

_- ) R. oamaruensis 
Defta ndre & Fert 1954) 

-·rad ner in Stradner & 
E \\a rd 1968 
Dutomite, William's Bluff, 
Oa:naru. ew Zealand. 

- ·e Eoce ne to Early 
0 . ~ ·ene (NPJ8- NP21). 
~ ":J al o utline. 
::-~;h = up to 18.0 J1 m; 
-:: . up to 15 .0J1 m. 

Dista lly convex, 80- 100 wedgeshaped elements. Proximal shield very 
slightly smaller than the distal shield , with a similar number of 
elements. 

A wide reticu late 'membrane' with 9- 13 concentric rows of oblique 
pores covers the central opening. The diameter of the 'membrane' is 
greater than 50% of the total diameter of the coccolith. The tube cycle 
is unique in that the narrow, imbricate elements project high above 
the level of the distal shield. 

R. oamaruensis is differentiated from R. umbilicus by the different proportions of the 
of central area grill and shield, and by the number, shape and size of pores. R. oamaruensis 

margi na l fenestratio n, on ly reticulation in a strict geometrical pattern . Investigation of 
. ;x materia l has revealed that this species has a distally projected tube cycle unlike that in any 

• e- · e of Rericulofenestra. 

1el en 19 I) 

-~----~-----

Distal shield has 60- 70 almost radial elements , as does the smaller 
proximal shield . 



3.6] 

Eocene (NP14-NP16). 
Large, elliptical. 
Length = 8.0- 11.0 J1 m. 
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Relatively wide and relatively flat central area of two layers of net
forming elements. Central area grill slightly raised; a suture runs 
along the long axis of the grill. A groove separates the central area 
from the rim elements. The tube is sometimes absent, but usually 
consists of a low ring of imbricate, rectangular laths . 

Remarks: differs from R. ca/lida and R . daviesii in the structure of the central area. Lacks a 'lath 
·overing in line with the central area' (a tube cycle) according to Wise ( 1983). However, micrographs 
-hown by Wise ( 1983) and Perch-Nielsen ( 1971 b) clearly illustrate the presence of a tube cycle. Tt is the 
author's experience that the tube cycle is often absent in this species, but it certainly exists. The 
-tratigraphic position and complex structure of this species might be indications of it being an 
a ncestor of R. oamaruensis. 

--- ----- --- ----- -------------

1 29) R. ornata 
\If i.iller 1970 
Bohrung Fussung I, 521.8m, 
Bandermergel. 

Oligocene (NP23). 
lightly elliptical. Length = 

6.0- 7.0 J1 m (may be up to 
10.0 J1 m). 

Proximal shield has 60- 70 fine elements, almost radially disposed . 
The characteristics of the distal shield were not described and are not 
known from other sources. 

Grill on proximal side of central area and a fine 'net ' on the distal side 
with numerous pores. The 'net' rods are arranged like the hands of a 
clock . The central area grill covers approximately 50% of the total 
coccolith area. 

Remarks: Waghorn (1981, p. 53) considered this species to be a junior synonym of R . coenura; 
however, it shows more affinity to R. scissura. The rods of calcite in the central area probably result 
from preservational effects. 

(30) R . pectinata 
Roth 1970 
13ft above base of Red Bluff 
Fmn, Lone Star Cement Qy, 
Alabama, USA. 

\~fidd l e Eocene- Late 
Oligocene (NPI4- NP23). 

mall. 

Distal shield constructed of 50- 60 wedgeshaped, dextrally imbricate 
elements with clockwise inclined sutures. The margin is serrate. The 
proximal shield appears to be smaller than the distal , with a similar 
arrangement of elements. 

Tube cycle has 40- 50 wedgeshaped sinistrally imbricate elements. 
Wide, coarse grill with long slits between bars which are continuous 
with every second element. Central opening covers 60% of the total 
coccolith area. 

Remarks: Roth (1970, p. 851) distinguished this species from R. alabamensis on the basis of its having 
a relatively larger central opening and more numerous elements in the shield. Examination of the 
micrographs of both holotypes reveals that R. alabamensis has a central opening which occupies 
approximately 60 % of the total length of the coccolith, as does R. pectinata, and both species have 
approximately 45 elements in the shield . Hence, these two forms are synonymous and both are junior 
-ynonyms of R.foveolata. 

----- ----- ----
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(31) R . pelycomorpha 
(Reinhardt 1966) Perch
Nielsen 1985 
Bohrung Dolgen 1/63. 

Middle Eocene- Early 
Oligocene (NP 16-22). 
Elliptical. Length-to-width 
ratio = I 0:8 . 
Length = I I .0- I 4.0 J1 m 

Distal shield has 80- 90 slightly imbricate elements. The proximal 
shield is 25% smaller, with a similar number of radially arranged 
elements. 

Central area is 33- 50% of the total length of the coccolith and 
contains a fine grill. The tube cycle consists of a ring of imbricate 
elements around the central area grill. 

Remarks: this form is considered separate from R. placomorpha by Reinhardt (I 966) on the basis that 
the percentage of the total length taken up by the central area is different. It is clear, however, that 
these two species are synonymous. The combination by Perch-Nielsen ( 1985a) is invalid (ICBN Art. 
33.2) . 

(32) R. perplexa ~ 

(Burns 1975) Wise 1983 
DSDP Site I 25-16-6, 
depth 25- 26 cm. 

Medium-sized, finely striate distal shield, prominent in cross
polarised light. Composed of many thin inclined elements. The 
proximal shield is smaller than the distal and the two are not closely 
ad pressed . 

Early to Late Miocene (NN 1- Medium-sized central area, bright between crossed-nicols . No central 
NNlO). Medium sized, perforation, but a 'tortuous' line can be seen in the centre of the 
elliptical. Length = 5.0- 6.0 central area. The central area on the distal surface is composed of 
J1 m. many small elements arranged in a counterclockwise direction 

emanating from the distal part of the tube cycle. 

Remarks: distinguished by its prominent centre, lack of central perforation and particularly by the 
tortuous line in the central area . Backman (in van Heck 1981 , p. 40) pointed out that D. antarcticus 
Haq is a junior synonym of this species. This escaped most authors' attention according to Wise 
(I 983) because of scaling errors in Burns' (I 975) original description . All of the magnifications are 
overstated by a factor of approximately 2.5, and hence the holotype of' D. perplexa' should measure 
5.0- 6.0 J1 m in length, not I 8.0 - 20.0 J1 m as originally quoted . 

(33) R. placomorpha \ Distal shield has 60- I 00 imbricate, wedgeshaped elements. Proximal 
(Kamptner 1948) Stradner in shield is smaller, but has the same number of elements. 
Stradner & Edwards 1968 
Inner Alps , Wiener Basin. 

Middle Eocene to Early 
Oligocene (N P 16-NP22). 
Elliptical. Length, up to 15.0 
J1 m; width , up to 12.0 J1 m. 

Large central opening spanned by a grill with elongate fenestration 
marginally and reticulate fenestration centrally. Imbricate elements 
of the tube cycle may extend towards the centre and close the central 
area distally. 

Remarks: when first introduced by Kamptner (I 948) Tremalithus placomorphus was invalid as it had 
only been conditionally erected. Deflandre (1952) is quoted as having validated the name, but there 
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may be some dispute in this under Art. 32.2 of the ICBN. However, the specific name was validated by 
Kamptner ( 1956) as Coccolithus placomorphus by reference to previously published descriptions and 
fi gures. This species is often put in synonymy with R. umbilicus, and it is the author's opinion that 
detailed morphometric analysis is necessary to establish whether these are the same species or not. 

(34) R. productella v 
(Bukry 1975) nov. comb. 
Pacific Ocean. 

La te Miocene to Recent 
(NN10-NN21). 
Small , elliptical. 
Length = 3.5- 4.5 J1 m. 

The larger distal shield is composed of approximately 28-40 wedge
shaped, slightly imbricate elements. The sutures between elements are 
slightly inclined. The periphery of the shield is serrate. The proximal 
shield which also has a serrate edge is concave and contains the same 
number of elements as the distal shield. 

Central area closed distally by a covering of irregular calcite laths 
emanating from the tube cycle (details of which are obscured). A slit 
divides the central area along its long axis. The extinction figure in the 
central area has a distinctive swastika shape. 

Remarks: this species is distinguished from R. perplexa on the basis of overall size. The name R . 
producta has been widely used for this species in the past, but is not valid. In 1963 Kamptner erected 
the taxon Ellipsoplacolithus product us which is invalid because it was conditionally erected (Art. 34.1 ). 
achs and Skinner (1973) combined this species name into the genus Coccolithus, claiming that it 

would be validated by doing so (Art. 34). However, this is not the case, and it was not until Bukry 
( 1975) erected the name Crenalithus productel!us with reference to his figure of Gephyrocapsa product a 
m Bukry (1971b) that the form became legitimately named. 

(35) R. pseudoumbilicus About 70 radial elements in both proximal and distal shields. Very 
(Gartner 1967) Gartner 1969 similar light microscope image to that of R . umbilicus and R. hil!ae. 
_so cm depth , core 64-A-9-SE, 
Sigsbee knolls, Gulf of Mexico. 

\1iddle Miocene to Pliocene 
(NN4-NNI8). 
Relatively large elliptical 
outline. Holotype length = 

.0 J1 m. 

Central area size varies and contains a reticulate grill. Tube cycle may 
have large coarse elements. The central opening generally takes up 
less than 50% of the total coccolith area. 

Remarks : resembles R . umbilicus and R. dictyoda somewhat, from which it has a large temporal 
eparation. More relevant is its similarity toR. gartneri from which it may well have evolved. The first 

occurrence datum of R. pseudoumbilicus corresponds to the last occurrence datum of R. gartneri. 
Varol (pers. commun.) used the name R. tenuistriata for forms between 5.0- 7.0 J1 m in length, and R. 
pseudoumbilicus for forms > 7.0 J1 m. 

(36) R. reticulata 
(Gartner & Smith 1967) 
Roth & Thierstein 1972 

50- 70 imbricate elements in the distal shield with radial sutures which 
incline and curve slightly clockwise. Sutures of proximal shield are 
irregular near the centre but become straight near the periphery, and 
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Yazoo Fmn, Louisiana, 
USA. 

Middle to Late Eocene 
(NP15-NP18). 
Circular. Maximum diameter 
= 6.0- 9.0 11 m . 

may imbricate slightly dextrally and incline slightly counter
clockwise. 

Central opening spanned by a grill and surrounded by a tube cycle of 
strongly imbricate elements as seen in distal view. Grill is slightly 
arched. Unique extinction cross in centre under cross-polarised light. 

Remarks: Gartner and Smith (1967) differentiated R . reticula la from R. dictyoda on the basis of its 
greater number of elements per shield. However, the distinction is much clearer than that , in so far as 
the circular outline of R. reticula/a and its prominent central area grill with obvious extinction cross 
under cross-polarised light are specific characteristics which make it one of the most readily 
recognisable species of Reticulofenestra. 

\ 
(37) R. rot aria Birefringent distal and proximal shields. No electron micrographs of 
Theodoridis 1984 this species have been published, and thus no comment on the 
DSDP Site 219, Indian Ocean . number and arrangement of elements in the shields can be made. 

Late Miocene, R. rotaria Zone, 
(NNll). 
Small, circular. Maximum 
diameter= 5.0-7 .011 m. 

Relatively large, circular central opening. No central area grill is 
present and no tube cycle has been described. If a tube cycle can be 
proven it is likely that this species belongs to the genus 
Cyclicargolithus. 

Remarks: R. rot aria cannot be a species of Reticulofenestra as no central area grill has been illustrated 
or described. Tt is probably better allocated to Cyclicargolithus. 

(38) R. samodurovii 
(Hay, Mohler & Wade 1966) 
Roth , 1970 
Nal'chik, Nal 11 . 

Middle Eocene- Early 
Oligocene 
(NPI6-NP22). 
Broadly elliptical. Length = 
5.0- 12.0 11 m, width= 4.0- 11.0 
11 m . 

Distal shield has 54-55 imbricate elements. Sutures have slight 
clockwise inclination in distal view. Proximal shield not as wide as 
distal shield, but has a similar number of elements. 

Central opening is 33% of total length of the coccolith. Tube cycle has 
54-55 tall lath-like elements having sinistral imbrication in distal 
view. Finely constructed central area grill. 

Remarks: differentiated from R. umbilicus by being smaller and having a relatively smaller central 
opening. Co nsidered by many authors to be synonymous with R . umbilicus, though in view of 
Backman and Hermelin's (1986) morphometric study it may better be considered a junior synonym of 
R. hillae. 
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39) R. scissura 
Hay, Mohler& Wade 1966 
:'-ial'chik, Nal 11. 

40-66 wedgeshaped elements with strong sinistral imbrication in 
proximal view. Proximal shield is smaller than the distal, but has the 
same number of elements and straight sutures. 

\1iddle Eocene to Late Central opening occupies approximately 25% of the total coccolith 
Oligocene (NP16- NP25). diameter and is spanned by 8- 11 anastomosing laths which produce 
El liptical outline. Holotype elongate fenestration. The tube consists of a ring of flat , imbricate 
length = 8.0 11 m, holotype crystals which may project over the central opening to obscure the 
width = 7.411 m, length, 6.4- proximally positioned grill. 
10.0 11 m, width = 5.4-9.011 m. 

Remarks: R . scissura and R. bisecta are considered synonymous despite the assertion of Hay et al. 
1966) that R. scissura is slightly smaller and has a wider central area grill. Many of the specimens 

fi gu red by Stradner and Edwards ( 1968) as R. dictyoda are herein considered to be R . scissura. 

40) R. scrippsae 
Bukry & Percival 1971) 

Roth 1973 
Red Bluff Clay, Chickasaway 
R., Shubuta, Mississippi, USA. 

\1iddle Eocene to Late 
Oligocene (N P 16- NP25). 

mall, elliptical. Diameter = 
6.0-12.011 m. 

Similar construction to R. scissura. The distal and proximal shields 
have numerous wedgeshaped elements. The proximal shield is 
smaller, but has the same number of elements with straight sutures. 

Solid central area composed of radial calcite laths (=covering over 
central area grill), extending from the imbricate, rectangular elements 
of the tube cycle. 

Remarks: in the type description of R. scrippsae it is differentiated from R. scissura on the basis of its 
-,maller size, more elliptical outline and continuous, sharply bent extinction lines. Backman (1987) 
~o nsidered this species to be a junior synonym of R. hesslandii, but a consideration of overall size (see 
18)) determines whether these forms are split or not. It appears that R. hesslandii is smaller than R. 
crippsae which is smaller than R. scissura, though no formal parameters have yet been established. 
uch a relationship of size ranges may represent an evolutionary scheme or just taxonomic 
versplitting. 

41) R. tokodensis 
Baldi-Beke 1982 
Borehole Many 181 , 338 m. 

~- --~~- - - ~- - - ---- - - - - - -~~~-

80- 100 elements in the distal shield . Straight sutures and straight 
extinction cross. Proximal shield 15- 20% smaller than di stal shield, 
with the same number of elements. 

\1iddle Eocene (N P14- NP18) . Large, empty central area under cross-polarised light. Thick tube 
Large , broadly elliptical. cycle. Central opening 30- 60% of the total coccolith area. 
Length = 8.0- 13.0 11 m. 

Remarks: similar toR. ornata according to Baldi-Beke ( 1982, p. 300), but has a straight extinction 
· ross, wider central area and a thicker tube cycle. The micrographs of the holotype and isotypes 
fi gured by Baldi-Beke ( 1982, 1984) are of very poor quality and illustrate specimens obviously greatly 
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altered by preservational effects. The true assignation of this form (similar toR. hillae , R. umbilicus) is 
in doubt until better preserved specimens can be adequately figured . 

( 42) R. umbilicus 
(Levin 1965) Martini & 
Ritzkowski 1968 

Large proximal and distal shields, very thin sutures visible. The 
peripheral margin is slightly serrate. Each shield contains many 
elements, radially arranged. 

Sample 27A, 42.6-109.5 
WUMC 000023 , Yazoo Fmn, 
Mississippi , USA. 

Middle Eocene to Early Robust tube cycle of many imbricate laths surrounds a large central 
Oligocene (NPI6-NP22). opening (up to 70% of total coccolith a rea) . The central area grill is a 
Large circular to slightly very fine meshwork of thin laths. Each proximal shield element 
elliptical. Length > 14.0 J.L m contributes to the construction of the central area grill. 
(Backman and Hermelin 1986). 

Remarks: an extensive synonymy list for this species is given by Waghorn (1981 , pp. 71 - 73). It is 
usually a very distinctive species, though morphometric studies such as that by Backman and 
Hermelin (1986) have proved necessary to distinguish it from similar forms. 

3.7 SUMMARY LIST OF RETICULO
FENESTRA SPECIES 
Species are listed alphabetically. Senior 
synonyms are followed by a list of junior 
synonyms and possible junior synonyms; whilst 
junior synonyms are followed by the reference 
number of their senior synonym. * indicates a 
species not quoted in the compendium owing to 
infrequency of use, but with connections to a 
more well-known species. 

(I) R. alabamensis Roth 1970 =see no . l3 . 
(2) R . ampliumbilicus Theodoridis 1984 
(3) R. bisect a (Hay et al. 1966) Roth 1970 = see 

no.34. 
( 4) R. callida (Perch-Nielsen 1971) By bell 1975. 
(5) * R. caucasica Hay et al. 1966 = see no.45. 
(6) R. c!atrata Muller 1970 =see no.l3 . 
(7) R. coenura (Reinhardt 1966) Roth 1970 = 

R. hampdenensis, R . lockeri? 
(8) R. danica (Black 1967) Roth 1970 = see 

no.41. 
(9) R. daviesii (Haq 1968) Haq 1971. 

( I 0) R. dictyoda (Defta ndre & Fert 1954) 
Stradner in Stradner and Edwards 1968 . 

(I I) R. fa lcata (Gartner & Smith 1967) Roth 
1970 = see no.41. 

( 12) R. jloridana (Roth and Hay in Hay et al. 
I 967) Theodoridis 1984 = Cyclicargo/ithus 

floridanus (Roth & Hay 1967) Bukry 197 I. 
(13) R.foveolata (Reinhardt I 966) Roth I 970 = 

R. alabamensis, R. clatrata?, R. insignita?, 
R. pectinata. 

( 14) R . gabrielae Roth 1970. 
(15) R. gartneri Roth & Hay in Hay et al. 1967 = 

R. tenuistriata? 
(16) R. gelida (Geitzenauer 1971) Backman 1978 

= see no. 37. 
( 17) R. hampdenensis Edwards I 973 = see no. 7. 
( 18) R . haqii Back man 1979 = see no. 27. 
( 19) R. hesslandii (Haq 1966) Roth 1970 = see 

no. 42 . 
(20) R . hillae Bukry & Percival 1971 = R . 

samodurovii?, R. tokodensis ? 
(2 I) R. inclinata Roth 1970; identity in doubt , 

but no obvious synonym. 
(22) R. insignita Roth & Hay in Hay et al. 1967 

=see no . 13. 
(23) R. laevis Roth & Hay in Hay et al. 1967. 
(24) R. lockeri M tiller 1970 = see no. 7. 



3.8] Acknowledgements 67 

(25) R. martinii (Hay & Towe 1961) nov. comb. 
(26) R. minuta Roth 1970. 
(27) R. minutula (Gartner 1971) Haq & Berggren 

1978 = R. haqii. 
(28) R. oamaruensis (Deftandre & Fert 1954) 

Stradner in Stradner & Edwards 1968. 
(29) R. onusta (Perch-Nielsen 1971) Wise 1983 . 
(30) R. ornata M tiller 1970 = see no . 41. 
(31) R. pectinata Roth 1970 = see no. 13. 
(32) R. pelycomorpha (Reinhardt 1966) Perch

Nielsen 1985 (invalid) = see no . 34. 
(33) R. perplexa (Burns 1975) Wise 1983 = 

Dictyococcites antarcticus Haq 1976. 
(34) R . placomorpha (Kamptner 1956) Stradner 

in Stradner & Edwards 1968 = R. 
pelycomorpha. 

(35) * R. prebisecta Aubry 1983 = see no . 42 . 
(36) R. productella (Bukry 1975) nov . comb. 
(37) R. pseudoumbilicus (Gartner 1967) Gartner 

1969 = R . gelida, R . tenuistriata. 
(38) R. reticulata (Gartner & Smith 1967) Roth 

& Thierstein 1972. 
(39) R. rot aria Theodoridis 1984 
( 40) R. samodurovii (Hay et al. 1966) Roth 1970 

= see no. 20. 

(41) R . scissura Hay et al. 1966 = R. bisecta , R. 
danica , R.falcata, R. ornata? 

(42) R. scrippsae (Bukry & Percival 1971 ) Roth 
· 1973 = R. hesslandii, R. prebisecta. 

(43) * R. tenuistriata (Kamptner 1963) Martini 
1979 = see nos. 15 and 37. 

(44) R. tokodensis Baldi-Beke 1982 =see nos. 20 
and 45 . 

(45) R. umbilicus (Levin 1965) Martini & 
Ritzkowsk i 1968 = R . caucasica, R. 
samodurovii?, R. tokodensis? 
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P L.\TE3.1 
-nmng electron micrographs. All scale bars represent 1.0 J1 m. 

te 3. I. Fig. I. R. umbilicus broken specimen, oblique proximal view showing the continuity of structure between the distal 
- eld . proximal shield and tube cycle. The central area grill septa are seen to extend from the margin of the proximal shield and 

)Cle. UCL- 2553-31. Whitecliff Bay, Bracklesham Group, Selsey Sand Formation, Fisher Bed XVII , 0.5 m above base. 
ddle Eocene . 

... te 3. I. Fig. 2. R. scissura detail of central area structure, proximal view showing the continuous nature of the rim elements 
;he central area grill. UCL- 2216-{)7. North Sea Well No. 29/ 10-1, depth 7122 ft. Late Oligocene. 

ute 3.1. Fig. 3. R. umbilicus oblique proximal view illustrating the delicate structure of the central area grill and the 
• -:muous nature of elements from the distal shield to the proximal shield. UCL- 2423-06. Whitecliff Bay Bracklesham 
G· up. Selsey Sand Formation, Fisher Bed XVII, 0.5 m above base. Middle Eocene. 

P te 3.1. Fig. 4. R. umbilicus corroded specimen, oblique distal view showing the direction of imbrication of the tube cycle 
• e-:ents. UC L- 2423- 19. Whitecliff Bay Bracklesham Group, Selsey Sand Formation. Fisher Bed XVII. 0.5 m above base. 

P · le 3. I. Fig. 5. R. dictyoda distal view of an 'open' reticulofenestrid. UCL- 2553-32. Whitecliff Bay Bracklesham Group, 
) Sa nd Formation. Fisher Bed XVII. 0.5 m above base. Middle Eocene. 

te 3 I. Fig. 6. R. scissura distal view of a 'closed ' reticulofenestrid . UCL- 2216-{)5. North Sea Well No. 29/ 10-1 , depth 7122 
Lne Oligocene. 

:e ~.I. Fig. 7. R. minuta proximal view of two specimens of a 'small ' reticulofenestrid. UCL- 2553- 13 . Whitecliff Bay 
·lesham Group, Selsey Sand Formation, Fisher Bed XVII. 0.5 m above base. Middle Eocene. 

·, 3. I. Fig. 8. R..foveolata obliq ue distal view of a ·coa rse' reticulofenestrid. UCL- 2349- 33 . S 136/898. William's Bluff, 
0-Xdru. New Zealand. Upper Eocene. 
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PLATE3.2 
Scanning electron micrographs. All scale bars represent 1.0 J.1 m. 

Plate 3.2, Fig. I. Toweius sp. side view of a highly corroded specimen showing the position of the outer tube cycle (inclined) 
relative to the proximal shield elements (straight) and the inner tube cycle. UCL- 2583- 27. AG 16, Thanet Formation, Kent. 
Upper Palaeocene. 

Plate 3.2, Fig. 2. Toweius sp. same specimen as Fig. I, but an oblique proximal view. Some of the inner tube cycle elements can 
be seen behind the inclined outer tube cycle elements and the proximal shield elements are seen to continue into the central a rea 
as gri ll septa . UCL- 2583- 28. 

Plate 3.2, Fig. 3. Toweius cf. T. pertusus corroded specimen (distal shield completely missing), oblique distal view. The inner 
tube cycle elements can be seen to be continuous with the proximal shield elements. UCL- 2583--{)5. AG 16, Thanet Formation, 
Kent. Upper Palaeocene. 

Plate 3.2, Fig. 4. To we ius cf. T. pertusus same specimen as Fig. 3. but in side view. A few inclined outer cycle elements can be 
seen abutting against the inner tube cycle elements and proximal shield. UCL- 2583--{)7. 

Plate 3.2, Fig. 5. Prinsius dimorphosus coccosphere. Very simple arrangement of shield and tube cycle elements. UCL- 2462-
35. North Sea Well No. 30/ 19- 2, depth 9096 ft. Upper Palaeocene. 

Plate 3.2, Fig. 6. Reticu/ofenestra pseudoumbi/icus coccosphere. In contrast to Fig. 5 the elements are highly organised and 
closely packed. UCL- 2578- 19. Sample No. 9099, Dtrymou, Cyprus. Middle Miocene. 

Plate 3.2, Fig. 7. Reticulof enestra oamaruensis distal view. Very well preserved specimen with a coarsely reticulate central area 
grill. UCL- 239 1- 19. Sl36/898 , William's Bluff, Oamaru, New Zealand. Upper Eocene. 

Plate 3.2, Fig. 8. Reticulof enestra oamaruensis same specimen as Fig. 7, but in side view. The unusually high tube cycle 'wall ' is 
well illustrated . UCL- 2391 - 21. 
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PLATE 3.3 
Scale bars represent 1.0 11 m. Figs. 1-4 are scanning electron micrographs; Figs. 5- 12 are light micrographs. 

Pla te 3.3, Fig. I. R. scissura proximal view of a well-preserved specimen. See Plate 3.1, Fig. 2, for central area detail. UCL-
2216-06. North Sea Well No. 29/1 0-1 , depth 7122 ft. Upper Oligocene. 

Pla te 3.3, Fig. 2. R. umbilicus proximal view with a well-preserved central area grill. UCL- 2423-05. Whiteclilf Bay. 
Bracklesham Group, Selsey Sand Formation, Fisher Bed XVII, 0.5 m above base. Middle Eocene. 

Plate 3.3, Fig. 3. R. callida distal view, well-defined central area plug. UCL- 260 1- 32. North Sea Well No. 49/9- 1, depth 2026 
ft. Middle Eocene. 

Pla te 3.3. Fig. 4. R.foveo/aw distal view, etched tube cycle. UCL- 2335- 18. North Sea Well No. 21 / 11 - 1, depth 3050 ft. Upper 
Eocene. 

Plate 3.3. Figs. 5. 9. R. umbilicus. Phase contrast (Fig. 5) and crossed-nicols (Fig. 9) views. UCL- 2295- 31 (Fig. 5) and UCL-
2295- 32 (Fig. 9). North Sea Well No. 21 /1 1- 1, depth 3410 ft. Upper Eocene. 

Pla te 3.3. Figs. 6. 10 . R. callida. Phase contrast (Fig. 6) and crossed-nicols (Fig. 10) views. UCL- 2254-04 (Fig. 6) and UCL-
2254-03 (Fig. 10) . North Sea Well No . 21 / 11 - l , depth 3050 ft. Upper Eocene. 

Plate 3.3. Figs. 7. 11 . R. reticulata. Phase contrast (Fig. 7) and crossed-nicols (Fig. 11) views. UCL- 2479-04 (Fig. 7) and UCL-
2479-03 (Fig. 11 ). North Sea Well No. 49/9- l , depth 1288 ft. Upper Eocene. 

Plate 3.3. Figs. 8 12. R. scissura . Phase contrast (Fig. 8) and crossed-nicols (Fig. 12) views. UCL- 2187-04 (Fig. 8) and UCL-
2187- 03 (Fig. 12). orth Sea Well No. 29/ 10-1 , depth 7122 ft. Upper Oligocene. 
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