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We carried out SEM studies on the poorly known middle Eocene marine diatom
genus Porodiscus Greville. Species examined include, Porodiscus splendidus Greville,
P. nitidus Greville, P. conicus Greville, P. oblongus Greville. Selected species in the
related genera Coscinodiscus Ehrenberg, Craspedodiscus Ehrenberg and Annellus
Tempére are also considered. Two new combinations, Porodiscus splendidus var.
excentricus (Olshtinskaya) Olshtinskaya n. comb. and Porodiscus splendidus var.
corniger (Brun) Fourtanier n. comb. are proposed, and we designate Porodiscus
nitidus Greville as the lectotype of Porodiscus Greville. Porodiscus resembles both
Coscinodiscus and Craspedodiscus in the presence of locular areolae, which possess
external cribra and internal foramina, and the presence of marginal rimoportulae.
Porodiscus has unique characters, however, such as spines occurring in some taxa,
which are not present in Coscinodiscus or Craspedodiscus. Porodiscus possesses a dis-
tinctive central cavity (or “sack”), similar to that of Craspedodiscus; however, in
Porodiscus, the central cavity is very steep (tube-like) and well defined, being bor-
dered by a hyaline rim. Craspedodiscus species usually do not have such hyaline rim
(except for some tropical Miocene forms of Craspedodiscus coscinodiscus) and lack a
well-defined central depression.

Porodiscus Greville 1863 is a small, poorly known genus of fossil centric marine diatoms
closely allied to Coscinodiscus Ehrenberg from which it differs by the presence of a deep concav-
ity at the center of the valve. The genus has received little attention by taxonomists, and the only
SEM observations to date are those of Sims (1989) on a species identified as Porodiscus nitidus
var. armatus Rattray from Joe’s River, Barbados. Sims’ specimens were not sufficiently well pre-
served to observe the shape of the rimoportulae and the nature of the cribrum. Her observations,
however, confirm the affinity of Porodiscus with Coscinodiscus, which was first noted by Greville
(1863). We present here new information on the morphology of this intriguing genus based on
detailed SEM observations and reexamination of Greville’s original slides.

Our interest in the genus first arose after the observation under SEM of Porodiscus splendidus
(?) from a sample taken from DSDP Site 206, Core 16, Section 5 (Tasman Sea), a specimen with
spines. A review of the literature indicated that P. splendidus Greville was the most cited and the
most widely distributed species of Porodiscus. Illustrations of the reported specimens, however,
showed both specimens with spines (Gombos 1983) and specimens without spines (Fenner 1985).
This prompted us to reexamine the type material of Greville for that species and to consider the other
species in the genus.
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HISTORICAL PERSPECTIVE

Greville (1863:63) described the genus Porodiscus from samples prepared by Johnson from
the sediments of the Cambridge Estate in Barbados (middle-late Eocene according to the strati-
graphic scheme of Mitchell-Thome 1979). He originally included five species: P. nitidus, P. ele-
gans, P. major, P. conicus and P. oblongus (P. ovalis in plate caption), but did not designate a gener-
itype. Subsequently, Greville (1865:46) described Porodiscus splendidus from the sediments of the
Springfield Estate, Barbados, whose precise stratigraphic position is not known. Greville (1865)
noted that P. splendidus was not found in the Cambridge Estate sediments.

Greville (1863) described the genus in these words: “Frustules free, disciform, composed of two
discs, united by an intermediate, ring-like zone; discs very convex, minutely radiato-cellulate or
punctate, with a conspicuous central pseudo-opening.” Greville continued: “This genus is evident-
ly closely allied to Coscinodiscus, differing chiefly in the remarkable pore-like pseudo-opening,
which is not a mere blank circular space produced by the absence of cellulation at the apex, but a
well-defined, concave, apparent orifice, provided with a thickened margin.” Greville added that
“all the species described from Barbados had very convex valves, and puncta [areolae] arranged in
radial rows. In nearly all the species certain of the radial rows start from the margin and continue
to the valve apex, dividing the valve into perceptible sections [fascicles]. Surface is either plane or
armed with variously arranged minute spines.” The types of Greville’s Porodiscus are illustrated
by Williams (1988:44-45, pl. 52, figs. 1-9, pl. 53, fig. 5).

Castracane (1886) described P. stolterfothii, which he considered an extant species, from the
tropical area of the Pacific Ocean. Grove and Sturt (1887) described two other species of
Porodiscus: P. hirsutus and P. interruptus, from Oamaru (New Zealand, upper Eocene). Rattray
(1890) described Porodiscus spiniferus, P. splendidus var. marginata, P. major var. densa, and P,
nitidus var. armata from Barbados. Porodiscus corniger Brun (1896) was also described from
Barbados from the Chimborazo sediments (unknown age) and Mount Hillaby (late Eocene).
Porodiscus calyciflos Tempére and Brun in Brun and Tempeére, 1889, is known from a Neogene
limestone of Yedo, Yedo Bay, Japan, and is also known as living in the Sandwich Islands (Brun and
Tempeére 1889). Prema and Desikachary (1989) described Porodiscus minor and Porodiscus
venkataraminii from the Oligocene of the Indian Ocean.

The generic placement of these species has been questioned. Mann (1907:237), noted that P,
calyciflos, P. interruptus, P. hirsutus (which he placed in synonymy) have nothing in common with
Greville’s genus. Jousé in Proschkina-Lavrenko (1949:33) created the illegitimate name
Pseudopodosira pileiformis as a synonym of P. calyciflos. Various authors (e.g., Gombos 1982;
Prema and Desikachary 1989) have also recognized the similarity of Porodiscus with
Craspedodiscus Ehrenberg, a closely related genus with a central depression. Grunow 1881 in
Schmidt (pl. 66, figs. 7-9) transferred Porodiscus oblongus Grev. to Craspedodiscus oblongus.
Gombos (1982:232) transferred Porodiscus splendidus Grev. to Craspedodiscus splendidus.

Based on our observations of original illustrations and descriptions, we recognize that the
genus Porodiscus in Greville’s original sense currently contains the species of Greville (P. conicus,
P elegans, P. oblongus, P. nitidus, P. major, P. spendidus), Rattray’s taxa (P. major var. densa, P.
nitidus var. armata, P. splendidus var. marginata), P. corniger Brun, and P. stolterfothii Castracane.
As Grunow suggested (Grunow in Schmidt 1881, pl. 66, fig. 6), we believe that Craspedodiscus
ovalis Grunow belongs to Porodiscus splendidus Greville. The specimen illustrated by Grunow is
slightly oval and has a well defined depressed central area bordered by a rim. All these species are
the focus of this paper.

We agree with Mann (1907:237) that P. calyciflos, P. interruptus, and P. hirsutus do not belong
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in Porodiscus. We also doubt that Porodiscus minor and Porodiscus venkataraminii Prema and
Desikachary (1989) belong to Porodiscus, as these species are only slightly depressed at the cen-
ter with the central area that is not surrounded by a hyaline rim. As argued by Mann (1907), Poro-
discus coronarius (Mann) Mills 1934 (based on Melosira coronaria Mann) does not belong in
Porodiscus. Specimens identified by Jousé (1954:128, pl. 3, fig. 1-2) as Porodiscus pliocenicus (an
invalid name) do not belong in Porodiscus and were later placed in the genus Cosmiodiscus by
Jousé (1961).

MATERIALS AND METHODS
The following slides were examined:

British Museum slides

BM 10602. Coll. Deby. L.H. no. 714. Barbados, Diatomaceae selected. Porodiscus splendidus.

BM 10603. Coll. Deby. Named by Greville no. 10. “L.H. no. 715. Barbados Diatomaceae selected.
Asterolampra affinis.”

BM 10604. Coll. Deby. Named by Greville no. 19. “L.H. no. 716. Barbados. Diatomaceae selected.
Porodiscus splendidus.”

BM 10605. Coll. Deby. Named by Greville no. 17. “L.H. no. 714. Barbados. Diatomaceae selected.
Porodiscus splendidus.”

BM 10399. Coll. Deby. “L.H. no. 505. Springfield Estate. Barbados. Diatomaceae selected. Porodiscus splen-
didus”.

BM 2045. Coll. Greville. “Barbados Earth. Porodiscus ovalis”™.

BM 2745. Coll. Greville. “Bridgewater. Barbados. Johnson. Porodiscus conicus.”

BM 2744. Coll. Greville. “Cambridge. Barbados. Johnson. 1863. Porodiscus nitidus.”

BM 2751. Coll. Greville. “Bridgewater. Barbados. Johnson. Porodiscus nitidus — Holotype.”

BM 2812. Coll. Greville. “Cambridge. Barbados. Johnson.1862. Porodiscus conicus.”

BM 2844. Coll. Greville. “Cambridge. Barbados. Johnson.1863. Porodiscus major — type.”

CAS Collection, Barbados
CAS 611174. Joe’s River. St. John District. 13°13'N, 59°32'W.
CAS 611205, CAS 611235. Cambridge Estate, Adams Hill, St. James District.
CAS 611193. Springfield. St. Peter District.
CAS 611223, CAS 611226. Chimborazo village.

Collection N. Strelnikova
Sample CAS 624819, DSDP Leg 21, 206—-16-5, 111-113 c¢cm, Tasman Sea (Middle Eocene).

Collection A.P. Olstinskaya
Sample 74163, Ukraine, Settlement Staroverovka, Kievskaya Formation, middle-upper Eocene.

Coll. L.H. Robinson (slides)
At CAS, received from the New York Botanical Garden.

NOTES ON COLLECTIONS

The history of collections from Barbados of the British Museum and the Diatom Collection of
CAS is very interesting and is described by J.H. Robinson (1934, 1936, 1941). She indicates the
absence of good information about the exact locality and the geological position of the samples that
Dr. Davy collected in 1846 and sent to R.K. Greville under the name “Barbadoes Earth”: “more
than two hundred and fifty of these are from Barbados fossil deposit and more than two-thirds of
these are cited as “Cambridge Estate” in slides communicated by C. Johnson Esq. From one sam-
ple of earth received by Mr. Johnson, the majority of the new species were obtained. Although it
was never definitely ascertained where this good sample came from, Dr. Greville seems to have
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been under the impression that it was picked up on the Cambridge Estate” (Robinson 1934:3).

The samples from Barbados at CAS were received from J.H. Robinson. She provided infor-
mation about the localities Joe’s River Estate (Robinson 1941, V, p. 1), Springfield (Robinson,
1941, VI, p. 84), and Cambridge Estate (Robinson 1941, VII, p. 181) and gave a list of the species
she observed in these localities.

MICROSCOPY

Specimens were photographed and examined under light microscopy (Leica DMRB) and by
scanning electron microscopy (SEM) (Leo 1450VP).

SYSTEMATIC ACCOUNT

Porodiscus splendidus Greville, 1865: 46, pl. V, fig. 5.
(Figs. 1-7, 9-10, 24-33)

Synonyms (taxonomic):
Craspedodiscus ovalis Grunow in Schmidt, 1881, Atlas Diat., Taf. 66, fig. 6.
Porodiscus splendidus var. marginatus Rattray, 1890:672.

This species was described by R.K. Greville from the Springfield Estate, Barbados. Picked
valves of this species are arranged among the selected valves of different species on the type slide
from the British Museum. Williams (1988:45) indicates that the lectotype is on slide BM 10602
(L.H. no. 714). Greville wrote on the slide the words “Diatomaceae selected. Porodiscus splen-
didus.” This species was also selected and marked by Greville on slides: BM 10604 (L.H. no 716,
named by Greville no. 19) and BM 10605 (L.H. no. 717, named by Greville no. 17). All slides men-
tioned above are from Deby’s collection and have no locality information. Slide BM 10399 (L.H.
no. 505), however, also from Deby’s collection bears the notes: “Springfield Estate. Barbadoes.
Diatomaceae selected. Porodiscus splendidus.”

OCCURRENCE.— In the material from Barbados at CAS, Porodiscus splendidus was found at
all localities in Barbados (Springfield, Joe’s River, Cambridge and Chimborazo) but more often in
the Joe’s River material. Porodiscus splendidus is the Porodiscus species that is the most often
cited in contemporary literature (Glezer et al. 1965; Glezer 1969, 1974; Glezer and Jousé 1974;
Olshtynskaya 1976; Jousé et al. 1977; Gombos 1983; Fenner 1985; Strelnikova 1992). The distribu-
tion of P. splendidus (based on the literature) indicates that it is confined to middle Eocene sedi-
ments. However, the accuracy of this distribution is in question as the species occurrence may be
poorly documented and identification inaccurate.

Our SEM and light microscope (LM) observations add more detail on the valve morphology of
this species.

DESCRIPTION.— We measured all the valves (a total of 6 specimens) of Porodiscus splendidus
in Greville’s slides (BM 10602, BM 10399, BM 10604, BM 10605, BM 2844), and a total of 50
valves from Barbados sediments in the CAS collection, mostly from Joes’s river (CAS 611174
[1345], slides 581128-581131), but also from Springfield (CAS 611193 [3368], slide 581122),
Cambridge (CAS 611205 [3142, 3143, 3144], slides 581107, 581108, 581109; CAS 611235 [3375,
3376], slides 581111-581113) and Chimborazo (CAS 611226 [3088, 3089, 3090], slides
58116-58118; CAS 611223 [3570], slide 581101).

The valves are convex, sometimes almost hemispherical, round or slightly oval 30-91 um in
diameter. A deeply concave cavity (4-18 um in diameter), which is sometimes a little eccentric in
outline, is positioned in the center of the valve. The central concave part or “apparent orifice” (or
‘sack’) juts into the frustule to different depths (6—16 um). The ratio diameter of valve/diameter of



304 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 55, No. 14

center ranges between 3 and 12. There is no apparent correlation between the diameter of the cen-
ter and the depth of the “sack.” Usually, the center is surrounded by a hyaline ring crest, but this
ring is sometimes absent (Fig. 26). Areolae are arranged in radial rows 4-5 (sometimes 6) in 10
um. Rattray (1890:672) noted that areolae are a little larger at semi-radius, however, this is not con-
firmed by our observations. Areolae loculate, locula pear-shaped, diameter of foramen about 1 um.
Velum not observed. Rimoportulae arranged on the margin of the valve at distances of 1 to 3—4 are-
olae from the margin (Figs. 28-29), with 3—4 areolae between rimoportulae. Rimoportulaec open
externally as small round holes (Fig. 26). Internally, they appear as simple small round holes, but
it is not clear from our observations whether they are broken. Valves have no spines, only some
protuberances around the areolae (Figs. 24-25). Girdle band is high (12-18 pm) with a group of
vertical lines separated by narrow hyaline lines, 1418 pores in 10 pm in a line (Figs. 31-33).
These observations are consistent with Greville’s original description, and Rattray’s subsequent
description (Rattray 1890:672).

COMMENTS.— Craspedodiscus ovalis Grunow (= Porodiscus splendidus var.?) (Schmidt,
1881, Atlas Diat., Taf. 66, Fig. 6) from Springfield is a slightly oval specimen identical in shape
and structure with P. splendidus Greville. Rattray (1890:672) treated Craspedodiscus ovalis
Grunow as a variety of Porodiscus splendidus and named it Porodiscus splendidus var. marginata.
Based on our observations of round and slightly oval valves of P. splendidus in BM and CAS mate-
rials, and Greville’s original description of P. splendidus (“disc circular, occasionally broadly
oval”) we treat here Craspedodiscus ovalis Grunow (= Porodiscus splendidus var. marginata
Rattray) as a synonym of Porodiscus splendidus Greville.

Porodiscus splendidus var. corniger (Brun) Fourtanier, new comb.
(Figs. 37-40)

Basionym: Porodiscus corniger Brun, 1896:242, pl. XIX, fig. 15.

Porodiscus corniger Brun (1896:242, pl. XIX, fig. 15) (Figs. 37-40) was described from
Chimborazo, Mount Hillaby, as a very rare form. Brun noted its similarity with P. splendidus, the
two taxa differing only by the presence of spines in P. corniger. The valves of Porodiscus in the
Chimborazo material are very rare. Only one frustule of P. corniger was observed in the
Chimborazo material (CAS 611226); it was mixed with several forms without spines. As the two
types are identical in structure and dimensions and differ only by the presence of spines, we believe
that P. corniger should be treated as a variety of P. splendidus. Since we did not observe a contin-
uum of morphological expressions between specimens with spines and specimens without spines,
we are recognizing P. splendidus var. corniger and P. splendidus var. splendidus as two separate
taxonomic entities.

Porodiscus splendidus var. excentricus (Olshtinskaya) Olshtinskaya, new comb.
(Figs. 8, 11-12, 34-36)

Basionym: Porodiscus nitidus var. excentricus Olshtinskaya, 2001:452, pl. 1, figs. 1-3.

Olshtinskaya (2001) described a new diatom taxon from the upper Eocene sediments of the
Pristen village, Ukraine, as a variety of Porodiscus nitidus (Porodiscus nitidus var. excentricus).

We studied specimens from Staroverovka (coll. A.P. Olshtinskaya) near the type locality of her
taxon and in the same geological interval (Kievskaya Formation, middle to upper Eocene).
Olshtinskaya’s taxon differs from Porodiscus splendidus only by the eccentric position of the
“sack.” In the material from Barbados, there are a few forms with an eccentric “sack.” In the
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Ukrainian material, however, the eccentric type is dominant, and the external surface of Ukrainian
forms are smooth, without small bumps.

Porodiscus nitidus Greville, 1863, p. 65, pl. IV, fig. 4.
(Figs. 13-16, 41-56)

Synonyms:
Porodiscus nitidus var. armatus Rattray, 1890:672-673, pl. 111, fig. 17.
Porodiscus spiniferus Rattray, 1890:674, pl. 111, fig. 19.

Greville described P. nitidus from the Cambridge Estate. Two slides in the Greville collection
(slides BM 2751 and BM 2744) bear the indication “Porodiscus nitidus.” Slide BM 2751 is a
smear slide and, according to Williams (1988), is the probable holotype slide for P. nitidus. The
slide bears no locality information besides “Barbadoes. Johnson Coll. Greville.” P. nitidus is also
present in slide BM 2812.

Greville (1863:65) stated in his original description of P. nitidus, “Disc convex, unarmed, the
longest lines of puncta single (not in pairs), alternating with two or three series of shorter ones;
puncta distinct, all of them becoming much more minute towards the margin. Diameter .0026.
Barbadoes deposit, from Cambridge Estate; C. Johnson Esq. . . . It is a scarce species.”

Porodiscus nitidus var. armatus Rattray (1890:672—-673) was also described from the
Cambridge Estate. Rattray noted the presence of spines (“spines acicular, about .01 mm., long,
sometimes shorter, inserted about * of radius from center”). It appears from Rattray’s description
and illustration that the main difference between P. nitidus var. armatus and the nominal variety is
the presence of spines. The two varieties are otherwise identical in valve structure and dimensions.
Porodiscus spiniferus Rattray (1890:674) was also described from the Cambridge deposit. It
appears from Rattray’s description that P. spiniferus is similar to P. nitidus var. armatus, but it has
more robust spines, more evident fascicles, and possibly more dome-shaped valves.

Although Greville 1863 was clear in his original description of Porodiscus nitidus that spines
were not present (“unarmed”), the slides in his collection (BM 2751, BM 2744) feature both spec-
imens with spines and without spines. Our observations indicate that there is a continuum between
specimens lacking spines, specimens with minute spines, and specimens with robust spines. There
is also a great variability in the appearance of the fascicules, from very faint to evident. Despite
three taxa having being described for this material, our observations suggest a continuum of mor-
phological expressions within a single taxon, and support the synonymy between Porodiscus
nitidus var. nitidus, P. nitidus var. armatus and P, spiniferus.

Our description of P. nitidus is supported by the observation of 12 specimens (on 11 slides)
from Barbados from slides at the British Museum (BM 2744, BM 2751, BM 2745, BM 2812) and
at CAS (CAS 61174[1345], Joe’s River, slide 581129; CAS 611235[3376], Cambridge, slide
581112; CAS 611226[3089], Chimborazo, slide 581117). We found the best preserved specimens
of P. nitidus in DSDP Leg 21, Sample 206-16-5, 111-113 cm, Tasman Sea (CAS 624819), from
which we studied 25 valves in LM and SEM.

DESCRIPTION.— Valves circular, convex, 40—-118 pm in diameter, with a deeply concave cen-
tral part, round or very slightly oval, 57 um in diameter that is either surrounded by a hyaline ring
or lacks a ring. Ratio valve diameter/diameter of center 8-20. Areolae loculate with external
cribrum and internal foramen, 5—8 in 10 um. Loculae cylindrical. Areolae arranged in radial rows,
5-8in 10 um in a row, organized in fascicles, separated by hyaline lines. Fascicles are usually faint,
sometimes more distinct. The hyaline lines and fascicles may be more distinct internally. Valve sur-
face smooth or with spines. There is great variability in the size of the spines from barely notice-
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able to very long. Spines are situated on the hyaline lines at mid-radius or closer to the margin (%
of radius from center according to Rattray’s original description) (Figs. 41-42). Rimoportulae are
positioned in the hyaline lines at the distance of 1 areola from the valve margin (Fig. 56). They con-
sist of small round holes externally, and small round or oval holes internally. It is possible, howev-
er, that they are eroded. Cribrum consists of several pores. In well preserved cribra there are 5—7
marginal pores surrounding a single (but sometimes 2-3) central pore (Figs. 52-55). Rattray
(1890:672) noted that the areolae were more dense near the margin; however, this is not confirmed
by our observations.

COMMENTS.— Sims (1989:366, figs. 48—52) published SEM photos on specimens identified
as P, nitidus var. armatus Rattray from Joe’s River, Barbados (material from CAS collection: A.L.
Brigger’s samples, presented to British Museum by R.W. Holmes). Her specimens have spines, but
unlike the specimens we observed, there are several spines on one hyaline ray. Spines nearest to
the center (ca ' radius) are long and thick, spines closer to the margin are of moderate size. The
presence of more than one concentric row of spines in P. nitidus was not observed by us and not
mentioned by Rattray in the description of P. nitidus var. armatus or P. spiniferus. This suggests
that the specimens illustrated by Sims may belong to a different taxon. Further study of her popu-
lation is needed to determine if it represents a separate taxonomic entity.

The main differences between P. nitidus and P. splendidus are:

1) The ratio of valve diameter to diameter of the concave center, which is smaller for P. splen-
didus (3-9) and larger for P. nitidus (9—18). The diameter of the center is therefore larger in P,
splendidus (5—18 pm) than in P. nitidus (4—6 pm);

2) Areolae are larger in P. splendidus (4—6, commonly 5 in 10 pm) than in P. nitidus (5-8, com-
monly 68 in 10 um);

3) Areolae are arranged in radial lines in both species, but P. nitidus has slightly more evident
fasciculae, which are separated by hyaline lines that are more distinct internally;

4) Spines are absent in P. splendidus, they are often (but not always) present in P, nitidus.

Porodiscus conicus Greville, 1863: 65, pl. 1V, fig. 3.
(Figs 17, 18, 64)

Synonym:
Porodiscus elegans Greville, 1863:64, pl. IV, fig. 1.

This species was described by Greville from Cambridge Estate, Barbados. We studied it only
from the type slides of the British Museum as we did not find any specimen in the CAS Collection
material from Cambridge, Barbados. This species has not been reported since Greville’s work. A
complete frustule is present in slide BM 2812, the holotype according to Williams (1988). We also
found this species on slides BM 2744 and BM 2745. We did not find definite specimens of this
species in the CAS Collection.

DESCRIPTION.— Greville’s description is short: “Small; disc conical, unarmed, with an obtuse-
ly truncate apex; radiating lines of puncta extremely minute. Diameter .0014” [36 pm].” In the
comments to this description Greville writes — “The smallest of the species hitherto discovered,
and occurring not infrequently in perfect frustules. The length of the connecting zone is consider-
able, and that of the entire frustule, when both valves are symmetrical, about .0040" [ 98 um]. The
valve is decidedly conical, but obtusely truncate at the top when seen in profile. It hardly ever hap-
pens that the valves are equal in the same specimen. Indeed, I do not think that I have seen a sin-
gle example perfectly symmetrical, one valve being almost always considerably shorter than the
other. The length of the connecting zone gives the frustule a cylindrical appearance.”
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The diameter of the specimen illustrated by Greville is 45 um. Rattray (1890) restudied
Greville’s and Johnson’s material and added to Greville’s description: “Diameter .025 to .0525 mm.
Major axis of frustule from .0625 to .0875 mm. Surface a more or less elongate regular cone, trans-
versely truncate at the extremities, the opposite valves of a frustule of unequal height. Central
space? Markings obtusely angular or subareolate, 6 in .01 mm, subequal; rows radial, straight, non-
fasciculate; secondary oblique decussating rows evident, from the truncated ends of the cone a few
short tapering clear lines, distinct. Girdle cylindrical, from .025 to .0325 mm, broad; a narrow band
at each extremity, hyaline, the intervening portion clouded with diffuse parallel lines.”

In Greville’s slides, we found the valve diameter of Porodiscus conicus to range between
40—43 um, the height of conical valves to be 30-35 pum, the height of the second valve to be 16
pum, and the girdle band to be 27-32 um in width. Areolae on the valves are arranged in radial rows,
7-8 in 10 pm in a row, 8 rows in 10 um. On the shorter valve 5—6 rows of areolae alternate with
thin hyaline lines.

CoMMENTS.— Greville (1863:64) described Porodiscus elegans from Cambridge and other
localities. “Disc very convex, unarmed, divided into compartments by pairs of the radiating lines
of very minute puncta, extending from the margin to the centre. Diameter .0020” [51 um] to .0033"
[84 um].” The specimen illustrated by Greville has a diameter of 77 um. Greville (1863:64) com-
mented: “This species is distinguished by the disc being divided into numerous compartments, by
pairs of radiating lines of puncta, very distinctly seen under a moderately magnifying power, and
at the same time being quite destitute of spines. It is the most frequent species, three or four valves
sometimes occurring in a single slide. The connecting zone is rarely seen in sifu.” Rattray
(1890:673) added: “Circular. Diameter .0625 to .095 mm. Surface rounded and dome-shaped.
Central space circular, 0075 mm. broad, sharply defined, hyaline. Markings obtusely angular or
subareolate, decreasing gradually from the central space outwards, around the central space 6, near
the border 10 to 12, in .01 mm; rows radial, straight; fasciculi distinct; interspaces minute, largest
around the central space. Girdle cylindrical, .03 mm, broad, in a frustule, .06 mm in diameter; a
narrow hyaline band at each extremity; the interval minutely punctate; at subregular intervals nar-
row hyaline straight lines at right angles to the edges of the valve. The fasciculi are bounded by
two adjacent radial rows, somewhat more conspicuous than the intervening rows. In one of the
valves in Greville’s collection it is possible to trace downwards from the central space a cylindri-
cal siliceous tube which is of sufficient length to have passed to a plane corresponding in position
to the edges of the valve.” Our measurements of the specimen from slide BM 2745, the holotype
of Porodiscus elegans according to Williams (1988) are: diameter of valve 45 um, diameter of cen-
ter 8 um, areolae in a row 7 in 10 um.

Porodiscus conicus and P. elegans are found on the same slides (BM 2812 and BM 2745). The
non-conical valve of P. conicus seems identical to valves attributed to P. elegans. They both have
a fasciculate arrangement of areolae and the same areolae density. Given that the two morphologies
occur together as part of a single frustule, we believe that P. conicus and P. elegans are conspecif-
ic. We treat the two names as synonyms and retain P. conicus for the name of the species, since it
was originally applied to a complete frustule.

Porodiscus major Greville, 1863: 64, pl. 4, fig. 2.

Porodiscus major was described from Cambridge Estate, Barbados, from a slide communicat-
ed by C. Johnson (Greville 1863:64). The description was later amended by Greville (1865:46-47).
We did not study this species as we did not find any additional specimens besides the valve on slide
BM 2844 (holotype?) that was illustrated by Williams (1988, pl. 52, figs 5-6). Based on our obser-
vations of slide BM 2844, we believe that this species belongs in Porodiscus.
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Porodiscus oblongus Greville, 1863: 65, pl. 4, fig. 5.
(Figs. 22-23, 57-61)

Nomenclatural synonyms:
Porodiscus ovalis Greville, 1863, explan. pl. 4, fig. 5 (alternate name).
Craspedodiscus oblongus (Greville) Grunow in Schmidt, 1881, explan. pl. 66, Figs. 7-9.

Greville (1863:65) described Porodiscus oblongus from “Barbadoes deposit” and illustrated it
as P. ovalis (Greville 1863, explan. pl. 4, fig. 5). Slide BM 2045 bears the note “Coll. Greville.
Barbadoes earth” and the name “Porodiscus ovalis.” Williams (1986) cites this slide as possibly
the holotype. This species is not rare in the British Museum slides. On slides BM 10602 and BM
10399, valves of P. oblongus were selected (picked) by Greville.

Greville’s original description is short (Greville 1863:65): “Disc elliptical-oblong; pseudo-
opening large. Long diameter about .0028" [71 um]”. He also added, “The pseudo-opening is very
large, the radiating lines of granules are less crowded, and the granules themselves larger than in any
of the preceding species”. Greville (1865:46) adds to the description: “The diameter of the disc is
.0030” [77 um]. Radiating cellules about 8 in .001.” The specimen figured in Greville’s original
illustration (Greville 1863, fig. 5), has a diameter of 70-35 pum, and there are about 5 areolae in 10
pum on a row. Rattray (1890:674) added to this description: “Subacutely elliptical. Major axis .05
mm long, about 2.5 times minor. Surface sloping gradually downwards from edge of central space.
Central space roundly elliptical, with major axis corresponding in direction to minor axis of valve.
Markings angular, decreasing regularly and somewhat rapidly from central space to border; around
the central space 4.5 at border 10 in .01 mm; rows radial, substraight. Border narrow, hyaline.”

DESCRIPTION.— We measured five valves of P. oblongus from slides BM 2045, BM 1062, BM
1063, BM 10399, and five valves from sample CAS 611193[3368], Springfield (slide 581122).

Valves oval, length (54—78 pum) two times larger than width (26—37 pum), with round or slight-
ly elliptical center (9—11 pm diameter). Areolae organized in rows radiating from the center, 5-6
areolae in 10 pm. Locula with velum better preserved on the elongated ends of the valves (Fig. 58),
foramen about 1 pm in diameter (Fig. 60). Velum consisting of a central cribral pore surrounded
by 4-6 marginal cribral pores (Figs. 57-58). The central depression (“sack”™) is not bordered by a
real hyaline ring, but the arcolae walls surrounding the depression form a little boundary around it
that appears like a ring. Areolae in the depression are smaller than on the valve. Rimoportulae
arranged along the margin of the valve, with more distance from the margin in the middle of valve
(2-3 areolae from margin) and closer to the margin (1 areola from margin) at the ends of the valve.
Rimoportulae opening externally as round small holes, internally also as holes, but may be broken
(Fig. 60).

CoMMENTS.— Castracane (1886) described a similar species P. stolterfothii from the equato-
rial part of the Pacific Ocean as a living species; it differs from P. oblongus by a more rhombic
shape. Also similar to P. oblongus is Coscinodiscus oblongus Greville (1866a:4, figs. 9-10) from
Springfield Estate, Barbados. Both species (P. oblongus and C. oblongus) are present in British
Museum slides BM 2045, BM 10605, BM 10604, BM 10603, BM 20602 and BM 10399. The main
difference between the two taxa is a deeper (steeper) cavity in Porodiscus oblongus. Porodiscus
oblongus Greville from Springfield is illustrated in Schmidt’s Atlas (Schmidt 1881, Taf. 66, figs.
7-9) as Craspedodiscus oblongus (Grev.) Grunow [in Schmidt] (a valid new combination).
Schmidt also illustrates from Springfield Coscinodiscus oblongus Greville (Taf. 66, figs. 10-11)
for which he suggests a generic placement in Craspedodiscus (‘“unbedingt zu Craspedodiscus zu
rechnen”). Schmidt, however, did not validly publish the new combination, which seems to have
been first published by Hanna (1931:194).
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Craspedodiscus oblongus (Greville) Hanna (= Coscinodiscus oblongus Greville) and
Craspedodiscus oblongus (Greville) Grunow in Schmidt (= Porodiscus oblongus Greville) are sim-
ilar species; however, Craspedodiscus oblongus (Greville) Grunow in Schmidt belongs to
Porodiscus, whereas Craspedodiscus oblongus (Greville) Hanna belongs to Craspedodiscus and
had been renamed Craspedodiscus ellipticus by Gombos (1982). Fenner (1985) refers to two
species, Craspedodiscus ellipticus Gombos (= Coscinodiscus oblongus Greville) and
Craspedodiscus oblongus (Greville) Grunow (= Porodiscus oblongus Greville). Many works (e.g.,
Barron et al. 1984; Strelnikova 1992) cite Craspedodiscus oblongus (Grev.) Grunow from Middle
Eocene sediments, which corresponds to Coscinodiscus oblongus Greville (= Craspedodiscus
ellipticus Gombos). This species has a wide distribution in the Middle Eocene in tropical and non-
tropical regions. Porodiscus oblongus Grev. has a narrower distribution limited to the tropical
region. We found it only in samples from Barbados.

Craspedodiscus ellipticus Gombos, 1982, p. 231, figs 13, 14.
(Figs. 19, 21, 62, 63)

Nomenclatural synonyms:

Coscinodiscus oblongus Greville, 1866a:4, pl. 1, figs 9, 10.

Craspedodiscus oblongus (Greville) Hanna, 1931:194 (illegitimate name, later homonym).

Craspedodiscus oblongus (Greville) Grunow in Schmidt, 1881, caption Taf. 66, figs. 10-11 (invalid name).

Greville’s original description is short “Disc more or less oblong, having the center depressed,
and an umbilicus containing a number of subremote granules; surface filled up with radiating gran-
ules, which diminish in size next the umbilicus and towards the margin, where they resemble
minute puncta. Length .0028” to .0050" [71 to 127 um].” It was described from Springfield.

DEScrIPTION.— We measured several valves from slide BM 10603 and slide CAS 581122
(CAS 611193[3368]).

We found that the valves, characterized by their elongated shape, are 56—67 um in length, near-
ly 30 um in width, with areolae arranged in rows radiating from a concave center, 6 areolae in 10
pm on a row. The concave center is oval, with diameter 10—-12 x 6—8 pm. Rimoportulae arranged
along the margin, opening externally as a small round holes, and internally also as round holes
(they may be broken, however).

CoMMENTS.— Williams (1988, pl. 28, figs 1-4) illustrated two specimens that he referred to
Coscinodiscus oblongus Greville. Only the specimen illustrated in figures 3—4 belongs to
Craspedodiscus ellipticus Combos (= Coscinodiscus oblongus Greville). The other specimen (figs.
1-2), which has a round center, belongs to Porodiscus oblongus Greville.

Craspedodiscus umbonatus Greville, 1866b:79, pl. 8, fig. 15.
(Figs. 65-70, 74)

Craspedodiscus umbonatus Greville was described from “Cambridge Estate Barbados
deposits in slides communicated by C. Johnson Esq.” The original description is short: “Disc
hexagonally cellulate, the border nearly equal to half the radius, the centre rather sharply umbon-
ate.” Greville further commented: “Distinguished at once by its umbonate centre. Cellules near the
margin of the border 8 in .001”.” Williams (1988, pl. 33, fig. 7) illustrated the holotype from slide
BM 5469.

DEscRrIPTION.— We did not study the holotype slide, but this species was common on slides
from the CAS Collection, especially from material from Joe’s River (CAS 611174[1345], slides
581129, 581130).
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The valves are circular, diameter 42—74 pm, convex, sometimes hemispherical with deeply
concave center, 7-10 um diameter. The ration of the valve diameter to the diameter of the center
is 6-8. Areolae are arranged in radial rows, 4-5 in 10 pm. External cribrum consists of one or sev-
eral central pores surrounded by marginal pores. Areolae are a little smaller on the concave center.
Rimoportulae are arranged around the margin, opening externally as small round holes, sometimes
one of them situated in smaller cavities (Fig. 74) on the margin. They open internally as simple
round holes; however, they may be broken. Valves have no spines.

CoMMENTS.— This species has been reported only from Barbados. Craspedodiscus umbona-
tus differs from Porodiscus only by the absence the hyaline ring around the cavities and the little
depression for one rimoportula at the margin (Fig. 74).

TYPIFICATION OF THE GENUS PORODISCUS WITH PORODISCUS NITIDUS GREV.

In the original publication of Porodiscus, Greville included five species (P. nitidus, P. elegans,
P. major, P. conicus, and P. oblongus = P. ovalis in the plate caption), but he did not designate a
type. The most common species of Porodiscus, P. splendidus Grev. is not a candidate as generitype
inasmuch as it was not one of the original species. We designate here Porodiscus nitidus Grev. as
the lectotype of genus Porodiscus Greville. Although not as common as P. splendidus, P. nitidus
has been reported in various fossil localities, and it is a better choice than any of the other four
species that have never been observed other than on Greville’s original slides. The holotype of P,
nitidus is on slide BM 2751 (Bridgewater, Barbados).

DiscussioN

Coscinodiscus Ehrenberg, Craspedodiscus Ehrenberg, Porodiscus Greville, and Annellus
Tempére are closely allied genera in the family Coscinodiscaceae; they differ only by the structure
and shape of the cavity in the valve center. Based on the shapes and arrangements of the rimopor-
tulae, Craspedodiscus and Porodiscus are similar. Stratigraphically, Coscinodiscus is the oldest of
these genera (Cretaceous). Craspedodiscus apparently separated from Coscinodiscus during the
early Paleocene. Porodiscus separated from Coscinodiscus or Craspedodiscus only during the
Middle Eocene, whereas Annellus is restricted to the Miocene. The Cretaceous genus
Pomphodiscus Barker and Meakin has locular areolae, and a central cavity that is reminiscent of
some species of Porodiscus and Craspedodiscus. The central cavity in Pomphodiscus is a chamber
that is formed by an inflation and separation of the basal siliceous layer into two layers. The shape
and the central position of the rimoportulae, however, places this genus in the family
Stellarimaceae (Nikolaev and Harwood 2000). Even more distant in the classification, but with a
central chamber, is the Cretaceous genus Benetorus (family Stictodiscaceae). The uvular process
of the Early Cretaceous genus Archaegladiopsis (family Archaegladiopsidaceae) is also reminis-
cent of the cavity of Porodiscus. The uvular process, centrally located is a funnel-shaped depres-
sion with a round opening in the valve exterior and a uvula-shaped intrusion on the inside, without
visible openings (Nikolaev and Harwood 1997). We believe that the higher level classification of
these fossil genera is still valid (i.e., we are not suggesting that these genera are closely related),
and that their superficial similarities are due to parallel evolution.

The following section will concentrate on the morphological differences between Porodiscus
and Craspedodiscus and between Annellus and Craspedodiscus, because it is presently difficult to
separate them.
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Craspedodiscus Ehrenberg

We recognize three informal divisions among the diatoms that have been referred to
Craspedodiscus. The classical concept of Craspedodiscus is represented by C. coscinodiscus (Figs.
81-86) and is characterized by a large internal depression that has a diameter that is at least one
half of the entire valve. The central depression typically has a nearly flat bottom and has areolae
that are reduced in size compared to those of the outer valve surface (Figs. 84—85). The transition
from the outer valve surface to this internal depression is abrupt, often close to 90° (Figs. 82—85).
Similar to Porodiscus, a hyaline rim occurs at this transition (Figs. 82—85) in most Miocene forms.
The edge of the central depression is rough, as if a weakly silicified covering, now missing, was
present over a chamber in that species. Such covering was never observed in Craspedodiscus.

The majority of diatoms that have been referred to Craspedodiscus comprise a second group,
represented by C. elegans, the lectotype of Craspedodiscus (see Ross in Farr et al. 1979). Diatoms
of this group have an internal depression that is less distinct, characterized by a more gradual tran-
sition from the valve’s mantle and by areolae that are not distinctly different from those on the
valve’s margin. Some Oligocene diatoms that have traditionally been referred to Craspedodiscus
coscinodiscus, but are better assigned to Craspedodiscus barronii Bukry (Figs. 76-77), have gen-
tly sloping central depressions and could be referred to this group. Other taxa, including
Craspedodiscus undulatus Gombos, C. elegans Ehrenberg and C. moelleri A. Schmidt, have undu-
lated valve surfaces, reminiscent of the undulated valve surfaces of certain species of Actinocyclus
and Cestodiscus. Diatoms of this group appear to be closely related to Coscinodiscus, and it is not
clear why they should be separated from it. Indeed, Coscinodiscus excavatus (Fig. 92) might be
placed in this group, although no formal transfer to Craspedodiscus has been proposed. We do not,
however, wish to discuss the taxonomic implications of transferring Craspedodiscus elegans and
other diatoms of this group to Coscinodiscus in the present paper.

A third group of taxa that have been referred to Craspedodiscus are similar to Porodiscus in
that they possess a distinct internal depression that is typically confined to only the centermost por-
tion of the valve. This group is represented by Craspedodiscus ellipticus Gombos (= Coscinodiscus
oblongus Greville) (Figs. 62-63) and C. umbonatus Greville (Figs. 65-70). As in Porodiscus, the
central depression is deeply invaginated with a concave central valvar surface. The transition from
the outer valve surface to the interior depression, however, is not as abrupt as in Porodiscus, and
no hyaline ring is present. Valves of Craspedodiscus ellipticus, with their sloping central depres-
sion (Figs. 62-63), clearly differ from valves of Porodiscus oblongus (Figs. 57-61) with their cen-
tral depression more circular and sloping more abruptly. On his Figure 17, however, Gombos
(1982) illustrates a diatom, which he refers to Craspedodiscus oblongus (Greville) Schmidt, which
has a circular internal depression like that of P. oblongus, but it also possesses a gradual or sloping
transition from the outer valve surface, as in C. ellipticus. This specimen may be transitional
between P. oblongus and C. ellipticus.

Annellus Tempere

The genus Annellus is restricted to the late-early and early-middle Miocene, separated by at
least 15 million years from the Eocene records of Porodiscus. At present, Annellus is monospecif-
ic, with 4. californicus Tempére, as the only species. As discussed by Ryde (1962), Annellus is
closely related to Miocene forms of Craspedodiscus coscinodiscus.

Ryde (1962) made a detailed morphologic study of Annellus californicus Tempére, noting that
the valve was “formed of an outer cylinder inturned at one end (and) deeply invaginated to produce
within the first, a co-axial cylinder closed at the lower end.” He mentioned that the “inner cylinder



312 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 55, No. 14

often tends to bulge somewhat and its length is equal to the depth of the valve mantle,” appearing
as a dome when viewed from the inside of the valve. Ryde (1962) stated that the diameter of the
areolae on the valve surface of the inner cylinder is very much reduced in size compared to those
of the valve mantle and the surface consists of rather fragile, diaphanous silica that is often not pre-
served. Ryde (1962) further commented on the rather abrupt transition from the inner valve man-
tle to the inner cylinder. Based on comparison with the internal valve surface of Craspedodiscus
coscinodiscus, Ryde (1962) chose to transfer Annellus californicus Tempére to Craspedodiscus
californicus (Tempere) Ryde. We feel, however, that the high mantle of Annellus californicus,
which results in valves often being orientated in valve view on slides, is a unique feature to
Annellus, distinguishing it from the Craspedodiscus coscinodiscus group. Annellus also lacks the
hyaline rim, which is present in typical forms of Craspedodiscus coscinodiscus (Figs. 82—86).
Barron (1983) argued that the shallower mantle of his new species, Craspedodiscus rhydei, war-
ranted placing it into Craspedodiscus rather than Annellus; however, C. rhydei (Fig. 91) clearly
lacks a hyaline ring and closely resembles valves of Annellus californicus (Figs. 87-88).

CONCLUDING REMARKS ON PoroDISCUS GREVILLE

Porodiscus resembles both Coscinodiscus and Craspedodiscus with the presence of locular
areolae with external cribrum and internal foramina, and marginal rimoportulae. It has unique char-
acters, however, such as spines (in some species), which are not present in Coscinodiscus nor in
Craspedodiscus. The central cavity, which also characterizes Craspedodiscus, seems to be of a dif-
ferent nature in Porodiscus, where it is very steep (tube-like) and well defined, being bordered by
a hyaline rim. Craspedodiscus species usually do not have such hyaline rims (except for some trop-
ical Miocene forms of Craspedodiscus coscinodiscus) and lack a well-defined central depression.
The hyaline rim in these forms may be the edge of a broken outer surface of a chamber. Miocene
forms of Craspedodiscus coscinodiscus and Annellus californicus, which have a well defined cen-
tral depression, typically have a central depression that covers at least half of the diameter of the
valve. This character, and the separation in geologic time of more than 15 million years between
the Eocene forms of Porodiscus and the Miocene forms of Craspedodiscus coscinodiscus and
Annellus, are arguments in support of Porodiscus being retained as a valid taxonomic entity.
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PLATE 1

Light microscopy. Figures 1-7, 9-10. Porodiscus splendidus Greville. Figure
1. Lectotype (internal view), BM 10602. Figures 2, 3. BM10399. Figure 4. CAS
611235 (Cambridge). Figure 5. CAS 611174 (Joe’s River). Figure 6. CAS 611174
(Joe’s River). Figure 7. BM 2844. Figure 9. CAS 611235 (Cambridge). Figure 10.
CAS 611193 (Springfield). Figures 8, 11, 12. Porodiscus splendidus var. excentri-
cus (Olsht.) Olshtinskaya new comb. Figure 8. Olst. Collection, Ukraine,
Staroverovka. Figure 11. CAS 611174 (Joe’s River). Figure 12. CAS 611174 (Joe’s
River).

Scale bars = 10 pm.
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PLATE 2

Light microscopy. Figures 13-16. Porodiscus nitidus Greville. Figure 13.
Valves with spines. BM 2751. Figure 14. Valves with no spines. BM 2751. Figure
15. Valves with spines. BM 2812. Figure 16. Valves with no spines. CAS 611174
(Joe’s River). Figure 17. Porodiscus conicus Greville. (non-conical valve;
Synonym: Porodiscus elegans Greville.) BM 2745. Figure 18. Porodiscus conicus
Greville. BM 2812. Holotype. Figures 19, 21. Craspedodiscus ellipticus Gombos.
Figure 19. BM 1063. Figure 21. CAS 611193 (Springfield). Figure 20.
Coscinodiscus excavatus Greville. BM 2745. Figures 22-23. Porodiscus oblongus
Greville. Figure 22. BM 2045. holotype? Fig 23. CAS 611193 (Springfield).

Scale bars = 10 pm.
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PLATE 3

Scanning electron microscopy (SEM). Figures 24-30. Porodiscus splendidus
Greville. Figures 24-26. External views. Figure 24. CAS 611226 (Chimborazo).
Figure 25. CAS 711174 (Joe’s River). Figure 26. CAS 611193 (Springfield). Figures
27-30. Internal views. Figures 27,28. Internal “sack”. CAS (611193) Springfield.
Figure 29. Broken “sack”. Figure 30. Broken valve. Figures 29-30. CAS 611174
(Joe’s River).

Scale bars = 10 pm.
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PLATE 4

SEM. Figures 31-33. Porodiscus splendidus Greville. Valves with connection
band. Figure 31. External view. Figures 32, 33. Internal view. CAS Joe’s River
611174. Figures 34-36. Porodiscus splendidus var. excentricus (Olsht.)
Olshtinskaya new comb. Figure 34. External view. Figures 35-36. Internal views.
Figures 34, 36. Staroverovka. Figure 35. CAS 611174 (Joe’s River).

Scale bars = 10 pm.
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PLATE S

SEM. Figures 37-40. Porodiscus splendidus var. corniger (Greville)
Fourtanier n. comb. Different positions of one frustule. Figure 40. “Sack” sur-
rounded by hyaline ring. CAS 611226 (Chimborazo). Figures 41-42. Porodiscus
nitidus Greville. External views; valves with spines. CAS 611174 (Joe’s River).

Scale bars = 2 pm (Figure 40), 10 um (Figures 37-39, 41-42).
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PLATE 6

SEM. Figures 43-50. Porodiscus nitidus Greville. Figures 43—46. External
views. Valves with velum. Figures 47-50. Internal views. Figures 43—44. Valves
without spines. Figures 47, 49. Valves with spines. Figure 49. Rimoportulae at the
ends of hyaline lines. Figures 44, 46. CAS 611226 (Chimborazo). Figures 45-50.
CAS 611174 (Joe’s River).

Scale bars = 10 pm.
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PLATE 7

SEM. Figures 51-56. Porodiscus nitidus Greville. CAS 624819, Tasman Sea,
DSDP Sample 206-16-5, 111-113 cm. Figures 51-55. External views. Figures 51,
54. Valves with spines. Figure 52. “Sack” surrounded by hyaline ring. Figure 53. The
bases of broken spines, rimoportulae on the margin of valve on hyaline line under
the spines. Figure 55. Velum. Figure 56. Internal view, rimoportulae.

Scale bars = 25 um (Figure 51), 15 um (Figure 54), 6 um (Figure 53), 4 um
(Figure 52), 3 pm (Figures 55-56).



STRELNIKOVA ET AL.: DIATOM GENUS PORODISCUS GREVILLE




330 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES
Volume 55, No. 14

PLATE 8

SEM. Figures 57-61. Porodiscus oblongus Greville. CAS 611193
(Springfield). Figures 57-58. External views. Velum and “sack” surrounded by hya-
line ring. Figures 59-61. Internal views. Figures 59, 61. “Sack” and broken “sack.”
Figure 60. Rimoportulac on the margin of valve. Figures 62—63. Craspedodiscus
ellipticus Gombos. CAS 611193 (Springfield). Figure 62. Internal view.
Rimoportulae on the margin of the valve. Figure 63. External view. Rimoportulae on
the margin. Figure 64. Porodiscus conicus Greville ? (non-conical valve; Syno-
nym: Porodiscus elegans Greville.) CAS 611235 (Chimborazo).

Scale bars = 5 pm (Figure 60), 10 um (Figures 58-59, 61-63)
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PLATE 9

SEM. Figures 65-70. Craspedodiscus umbonatus Greville. Figures 65-66.
External views. Figure 65. Velum. Figures 67-70. Internal views. Figures 67, 69.
“Sack”. Figures 68, 70. Rimoportulae on the valve margin. Figures 71-72.
Coscinodiscus sp. Figure 71. External view. Figure 72. Internal view. Rimoportulae
on the valve margin. Figures 65-72. CAS 611174 (Joe’s River).

Scale bars = 1 pm (Figures 68, 70), 10 um (Figures 65-67, 69, 71-72)
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PLATE 10

SEM. Figure 73. Coscinodiscus sp. External view. Figure 74. Craspedodiscus
umbonatus Greville. Rimoportulae on the margin. Figures 73-74. CAS 611174
(Joe’s River). Figure 75. Coscinodiscus radiatus Ehrenberg with slightly depressed
center and rimoportulae on the valve face. Staroverivka (CAS 624820). Figures
76-77. Craspedodiscus barronii Bukry. Figure 76. Internal view. Rimoportulae on
the margin. Figure 77. External view. Depressed center. CAS 611226 (Chimborazo).
Figures 78-80. Coscinodiscus excavatus Greville. Figures 78—79. External view.
Figure 79. Separate rimoportulae on the valve. Figure 80. Internal view. CAS
618793. Barbados, lower Oligocene.

Scale bars = 1 pm (Figure 74), 10 um (Figures 73, 75-77), 7 um (Figure 79),
60 um (Figures 78, 80)
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PLATE 11

Figures 81-86. Craspedodiscus coscinodiscus Ehrenberg. (CAS 621025,
Trinidad). Figure 81. Internal view. Figures 82—85. External view. Figures 81-85.
SEM. Figure 86. LM. Figure 87. Annellus californicus var. hannai Barron.
Holotype USNM 304194, sample Mf5208, southern California Continental
Borderland. SEM. Figures 88-90. Amnnellus californicus var. californicus
Tempére. Figures 88—89. Valve view. Figure 90. Mantle view. Sample Mf 5192,
southern California Continental Borderland. Figure 88. SEM. Fig 89. 90. LM.
Figure 91. Craspedodiscus rhydei Barron. DSDP 77B-28-2, 28-30 cm. SEM.
Figure 92. Coscinodiscus excavatus Greville. Inside view. SEM (CAS 621025,

Trinidad).

Scale bars = 20 pm (Figures 81-82, 84), 10 um (Figures 83, 85-91), 100 um
(Figure 92)
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