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Abstract: Seven species of the diatom genus Mastogloia Thwaites ex W. Smith
(group Sulcatae; Hustedt 1933) were studied using transmitted light and scanning
electron microscopy. Specimens for study were collected from the Indian River,
Florida, U.S.A. (salinity 16-42%0, temperature 9-34°C) as epiphytes on Halodule
wrightii Asherson. The silicious structure of M. braunii, M. hustedtii, M. minutis
sima, M. omissa, M. pisciculus, M. pumila var. pumila and M. pumila var. pa
puarum is described. Three types of locular systems are described based on the
development of locular tubes. Only one of these types of locular systems was found
in the seven species included in this study. In this type of system, locular tubes are
situated in the same plane as the loculi. These tubes are short and connect loculi to
external locular pores which are removed from parent loculi toward valve apices.
Structure of elements of the striae is discussed. Differences in the formation of
lateral areas, especially on the external valve face, are described for the species
studied.

Resume: Sept especes de diatornees du genre Mastogloia Thwaites ex W. Smith
(groupe Sulcatae; Hustedt 1933) ont ete observees au microscope photonique et
microscope electronique a balayage. Les specimens pour cette Nude, epiphytes de
Halodule wrightii Asherson, on ete collectionees de l'Indian River, Florida, U.S.A.
(salinite 16-42%0, temperature 9-34°C). La structure siliceux chez M. braunii, M.
hustedtii, M. minutissima, M. omissa, M. pisciculus, M. pumila var. pumila and M.
pumila var. papuarum est decrite. Les systernes des locules des trois types sont
decrites dans la base du developpernent et de la situation des tubes loculaires.

*Contribution number 178 of the Harbor Branch Foundation, Inc.
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Seulement un de ces types des systernes des loculcs est observe dans chez sept especes
dans l'etude, Les tubes loculaires sont de plain-pieds avex les locules. Ces tubes sont
courts et ils joindent les locules avec pores Ioculaires externes qui sont deplaces aux
loculaires originalement du cote de Ies extrernites de la valve. La structure des ele
ments des stries est discute. Les differences a la formation de les aires laterals,
specialement sue la face valvaire externe, sont decrites ici.

Introduction

Species of the genus Mastogloia Thw. ex W. Smith belonging to
Hustedt's group Sulcatae are characterized by the presence of lateral
areas. The structure of these lateral areas may vary between species.
Raphe systems may also vary between species in this group (especially
on the external valve face). Loculi are isomorphic in some species
whereas they vary in size within the locular bands in other species.

A brief summary of some systematic studies of the genus Mastogloia
and a discussion of taxomomic characters of six species were previous
ly presented in a paper on the group Ellipticae by Stephens and
Gibson (l979b). Valve morphology of four species belonging to the
groups Apiculatae, Lanceolatae, Paradoxae and Undulatae were de
scribed by Stephens and Gibson (1980a). These authors have also
studied five species belonging to the group Inaequales (1980b) and
provided a general description of loculi in the genus (1979a).

Scanning electron microscopy (SEM) allows for greater depth of field
resulting in increased resolution at higher magnifications than does
transmission light microscopy (TLM). The purpose of this SEM study
was to clarify structural details observed in seven species of
Mastogloia in the group Sulcatae.

Methods

Diatoms were collected as epiphytes on the seagrass Halodule wrightii
Ascherson from the three stations in the Indian River, Florida,
U.S.A. Descriptions of the sample sites, as well as techniques for pre
paration and observations of the diatoms were previously described
by Stephens and Gibson (l979b). Diagnostic measurements (e.g.
puncta, striae) were made using the recommended procedures in
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Anonymous (1975). Terminology is that found in Smith (1856),
Hustedt (1933), Voigt (1942), Stoermer et al. (1964), Ross et al. (1979)
and Anonymous (1975). Species identi fications were verified when
possible by comparison with specimens deposited in the following
collections maintained at the Academy of Natural Sciences of Phila
delphia: Schultz (Schul.), Cleve and Moller (Cl. & Moll.) and the
general collection (Gen.).

Results

Mastogloia braunii Grun., Verh. Zool.-Bot. Ges. Wien, 13: 156, pl. 4,
fig. 2. 1863.

Light Microscope (Figs. 1-2). Valve length, 31-74 ,urn; width, n
lS zzm. Striae 17-21 in 10 ,urn. Puncta 22-26 in 10 ,urn. Large locular
width, 2.5-3.5 ,urn; length, ca. 2.5 zzm. Small locular width, 1.5
2.0 ,urn; length, 1.0-1.5 zzm.

E Ie c t ron M ic r 0 scop e. External Girdle (Fig. 3). The appearance
of the valve mantle may differ among individuals. A single row of slits
may cover most of the mantle or part of the mantle may be punctate
with slits closest to the lower edge. Locular pores are removed from
parent loculi toward valve apices. These pores open at an angle to the
apical axis at the juncture of the intercalary band and the valve
mantle.

External Valve Face (Fig. 4). Striae are parallel near the center of the
valve, becoming slightly radiate towards the apices. Puncta are some
what elongated transapically. Modification of some puncta into very
long slits give the appearance that lateral areas are formed by trans
apical ribs. A thin silicious layer covers these slits to various extents.
The solid silicious central area is expanded transapically and joins the
lateral areas, forming an "H"-configuration. A longitudinal row of
puncta separates the lateral areas from the axial areas. The raphe fis
sures are distinctly flexed at two points; once near their proximal ends
and again about midway along each fissure. Proximal raphe ends stop
at the central area as very slight circular expansions. Distal raphe ends
curve in the same direction at the valve apices before continuing onto
the valve mantle. Small hyaline fields appear on either side of the
distal raphe ends at the valve apices.
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Internal Valve Face (Figs. 5-6). The internal basal structure appears as
transverse silicious ribs. Double (sometimes triple) rows of puncta are
situated between the ribs on another plane. The transverse ribs are
interrupted by solid lateral areas which are connected by a trans
versely dilated central nodule. Raphe fissures appear slightly sinuous
and are bordered by thickened axial ribs. Proximal raphe ends appear
undifferentiated and extend a short distance onto the central nodule.
Distal raphe ends appear undifferentiated, stopping at the base of
small terminal nodules. Locular bands are attached to the intercalary
band such that their attached sides appear almost flush with the valve
margins. The innermost free margins of the loculi are convex, each
loculus with several transapical rows of minute puncta (ca. 70 trans
apical rows in 10 zzrn). The central loculi are the largest in each band;
the remaining loculi gradually become smaller toward the ends of the
bands and then remain approximately the same size.

Indian River habitat and ecology. At Haulover and Link Port. Epi
phytic on H. wrightii. Salinity, 16-42%0. Temperature, 9-34°C.

Type Locality. Shoreline Red Sea near El Tor.

Comparative Material. A-Gen. #11504. A-Shul. # 1722.

Mastogloia pumila (Grun.) Cl., var. papuarum Choln., Nova Hedw.,
5(1-4): 174, pl. 25, figs. 56-57.1963.

Light Microscope (Figs. 7-8). Valve length, 26-34,um; width, 11
14 ,urn. Striae 22-24 in 10 zzrn. Puncta 28-29 in 10 zzm, Locular width,
1-3 zzm; length, 2-3 zzrn.

The specimens from the Indian River differ from Cholnoky's draw
ings by virtue of a slight variation in the shape of the valve apices.
Cholnoky (1963) shows valves with cuneate obtuse apices, while our
specimens have cuneate subrostrate apices. Voigt (1952) showed a
diatom from Singapore similar to our specimens and called it M.
braunii Grun. He cited a more typically appearing specimen of M.
braunii from Hai Nan. Unfortunately, Voigt did not list the diagnos
tic characteristics of the Singapore specimen. We can only say that it
appears similar to our specimens which we call M. pumila var.
papuarum. Further, it should be noted that variety papuarum varies
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from the nominate varieties of M. pumila and M. braunii by virtue of
the slightly more developed locular tubes which cause the loculi to
appear more removed from the valve margins. The raphe fissures of
variety papuarum are more like those of the nominate variety of M.
pumila than those of the nominate variety of M. braunii.

E let ron M ic r 0 scop e. External Girdle (Fig. 9). Fine puncta cover
the entire valve mantle. Small locular pores are somewhat removed
from parent loculi toward the valve apices. These pores open at an
angle to the apical axis at the juncture of the intercalary band and the
valve mantle.

External Valve Face (Fig. 9). Striae are slightly radiate. Puncta are
very small, somewhat circular and form undulating longitudinal rows.
Narrow, often poorly defined lateral areas are generally formed by
one or two longitudinal rows of transapically expanded puncta. These
areas are connected by the transapically expanded central area. Raphe
fissures are extremely narrow and are almost straight except near the
valve apices where they curve slightly in the same direction before
extending onto the valve mantle. Proximal raphe ends are only slightly
expanded, stopping at the central area. Distal raphe ends are located
on the valve mantle. Small hyaline fields appear on each side of the
raphe at the valve apices.

Internal Valve Face (Figs. 10-11). The internal basal structure appears
as transverse silicious ribs. Double rows of puncta are situated on
another plane between the ribs. A narrow, solid lateral area interrupts
the transverse ribs on each side of the valve. These lateral areas are
connected by a transversely expanded central nodule. Raphe fissures
are straight and are bordered by rather narrow, thickened axial ribs.
Proximal raphe ends appear undifferentiated. Distal raphe ends and
terminal nodules are not visible, being obscured by expansions of the
intercalary band at the valve apices. Loculi are attached to the inter
calary band such that their attached sides are slightly removed from
the valve margins. Locular tube walls slant from the parent loculi to
ward valve apices. The innermost free margins of the loculi are slight
ly convex. Central loculi of each band are the largest, with loculi
gradually becoming narrower toward the ends of the bands. Small
locular puncta penetrate the locular surfaces (ca. 40-50 transverse
rows in 10 .urn).
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Indian River habitat and ecology. At Link Port and Jim Island.
Epiphytic on H. wrightii. Salinity, 16-38%0. Temperature, 12-31 "C.

Type Locality. New Guinea.

Comparative Material. None available at the Academy of Natural
Sciences of Philadelphia.

Mastogloia hustedtii Meist., Ber. Sch. Bot. Ges., 44: 93-94, pl. 4,
fig. 27. 1935.

L i g h t M i c r 0 scope (Figs. 12-13). Valve length, 20-59 zzrn; width, 10
22 ,urn. Striae 27-29 in 10 ,urn. Puncta 30-35 in 10 11m. Median locular
width, 1.5-3.5 11m; length, 2.5-3.5 11m. Other locular width, 1.0
2.0,um; length, 1.5-3.5 ,urn.

Electron Microscope. External Girdle (Fig. 14). A single row of
slits covers the valve mantle. Locular pores are somewhat removed
toward valve apices from parent loculi. These pores open at an angle
to the apical axis at the juncture of the intercalary band and the valve
mantle.

External Valve Face (Fig. 15). Striae are slightly radiate at the center
of the valve, becoming more so toward the valve apices. Puncta are
somewhat elongated transapically. Lateral areas are formed by a
single longitudinal furrow on each side of the valve which is covered
by a thin, silicious wing-like structure (canopy). Puncta are modified
to form transapical slits between the attached sides of the canopies
and the fissures. Raphe fissures are distinctly flexed at their mid
points. Proximal raphe ends stop abruptly at the small central area as
tiny circular expansions. Distal raphe ends curve only slightly in the
same direction as they extend onto the valve mantle.

Internal Valve Face (Fig. 16-17). The internal basal structure appears
as transverse silicious ribs. Double rows of puncta are situated on
another plane between the ribs. The transverse ribs are interrupted by
thickened and raised lateral areas which are in turn interrupted by
circular openings. These openings are sometimes arranged in
longitudinal rows. Within these openings double punctation appears
similar to that between the transverse ribs. Lateral areas on each valve
side are connected by a solid transversely dilated central nodule.
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Raphe fissures are almost straight and are bordered by narrow thick
ened axial ribs. Proximal raphe ends appear undifferentiated. Distal
raphe ends stop at the base of small terminal nodules. Locular bands
are attached to the intercalary band such that their attached sides
appear flush with the valve margins. The innermost free margins of
the loculi are slightly convex. Each loculus has a thin silicious plaque,
atop which is a silicious papilla with several perforations. Central
loculi of each band are largest, with loculi narrowing toward the ends
of the bands. Loculi appear more stepped in size toward the ends of
the bands in larger valves.

Indian River habitat and ecology. At Link Port and Jim Island.
Epiphytic on H. wrightiii. Salinity, 16-38%0. Temperature, 12-31"C.

Type Locality. Honduras.

Comparative Material. A-Shul. #96a (possibly isotype material).

Mastogloia minutissima Voigt, J. Micr. Soc. 62(3): 14, pl. 3, fig. 17.
1942.

Light Microscope (Figs. 18-19). Valve length, 14-18 zzm; width, 5
6 zzm. Striae 26-28 in 10 zzrn. Puncta ca. 43-45 in 10 zzm. Locular width
ca. 1.5 ,urn; length, 3.0-4.0 zzm.

This species is much like M. liaotungensis Voigt except that it is
slightly smaller (length 19-24 zzrn, width 6.5-8.0 zzm) and the striae are
slightly finer (23-25 in 10 zzrn). Voigt (1942) showed M. minutissima
with a single loculus and M. liaotungensis Voigt (1952) with two loculi
on each side of the intercalary band. We have observed specimens
which exhibit either or both of these conditions. A condition in which
one loculus is attached on one side and two loculi are attached on the
opposite side of the intercalary band in the same valve has been fre
quently observed. Thus, the separate identities of M. liaotungensis
and M. minutissima would seem open to serious question.

Electron Microscope. External Girdle (Fig. 20). Double rows of
puncta continue onto the mantle from the valve face, covering the
entire mantle. Locular pores are quite removed from parent loculi
toward the valve apices. These pores open at an angle to the apical
axis at the juncture of the intercalary band and the valve mantle.
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External Valve Face (Fig. 21). Striae are only slightly radiate and are
formed of double rows of small rounded puncta. Narrow lateral areas
are formed by a longitudinal row of transapically elongated puncta.
These puncta are interrupted to various extents by a solid silicious
layer. The transapically expanded central area connects the lateral
areas. Raphe fissures are almost straight except near the distal ends
where they curve in the same direction before proceeding onto the
valve mantle. Here they stop near the juncture of the valve mantle and
the intercalary band. Small hyaline fields appear on either side of the
raphe at the valve apices. Proximal raphe ends stop at the central area
as very small rounded expansions.

Internal Valve Face (Figs. 22-23). The internal basal structure appears
as transverse ribs between which, and on another plane, are double
rows of puncta. The transverse ribs are interrupted by solid silicious
lateral areas which are connected by a transversely dilated central
nodule. Raphe fissures are very nearly straight and are bordered by
narrow thickened axial ribs. Proximal raphe ends extend a short
distance onto the central nodule and appear undifferentiated. Distal
raphe ends and terminal nodules are obscured by expansions of the
intercalary band near the valve apices. Loculi are attached to the
intercalary band such that their outer attached sides appear flush with
the valve margins. The innermost free margins of the loculi are
convex. A single longitudinal row of small puncta appears on each
loculus.

Indian River habitat and ecology. At Link Port and Jim Island.
Epiphytic on H. wrightii. Salinity, 16-38%0. Temperature, 12-31°C.

Type Locality. East Indies.

Comparative Material. None available at the Academy of Natural
Sciences of Philadelphia.

Mastogloia omissa Voigt, Jour. Roy. Micr. Soc., 71(4): 446, pl. 2,
fig. 17. 1952.

Light Microscope (Figs. 24-25). Valve length, 16-30 zzm; width,
7.5-12.0 zzrn. Striae 22-25 in 10 zzrn. Puncta 27-30 in 10 .urn. Locular
width, 1.0-2.8.um (median loculi 1.7-2.8 zzrn): length, 1.7-2.4 zmi.
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The Indian River specimens have less produced apices and are
generally larger than those described by Voigt (1952). Our specimens
are similar to M. pseudoexilis Voigt (1963) in valve size and shape,
and in the arrangement of the striae, but striae density and the con
spicuously sinuous raphe fissures are more like those of M. omissa
described by Voigt (1952). A similar diatom has been shown by Foged
(1975) which he also called M. omissa.

Electron Microscope. External Girdle (Fig. 26). A single row of
slits covers almost the entire valve mantle. Locular pores are removed
from parent loculi toward valve apices. These pores open at an angle
to the apical axis at the juncture of the intercalary band and the valve
mantle.

External Valve Face (Fig. 27). Striae are slightly radiate at the center
of the valve, becoming more so toward the valve apices. Puncta are
slightly elongated transapically. Lyrate lateral areas are formed by
transapical slits which are partially covered by a very thin layer of
silica. The lateral areas are separated from the axial areas by an apical
silicious rib and a single row of puncta except at the central area. A
broadened central area connects the lateral areas. The raphe fissures
are sinuous with one distinct flexure at about their midpoints. Sides of
the raphe fissures extend vertically above the valve face. Proximal
raphe ends stop at the central area as tiny circular expansions. Distal
portions of the raphe fissures curve slightly in the same direction at
the valve apices and extend onto the valve mantle.

Internal Valve Face (Figs. 28-30). Transverse silicious ribs are inter
rupted by solid lyrate lateral areas. Double rows of puncta are situated
on another plane between the transverse ribs. The solid lateral areas
are connected by a transversely dilated central nodule. Raphe fissures
are slightly sinuous and are bordered by thickened axial ribs.
Proximal raphe ends stop at the central nodule, appearing undiffer
entiated. Distal raphe ends are undifferentiated, stopping at the base
of small terminal nodules. Loculi are attached to the intercalary band
such that their attached sides appear flush with the valve margins. The
largest loculi are situated in the center of the locular bands, rather
abruptly becoming smaller toward the ends of the bands. Small
locular puncta (ca. 60 transapical rows in 10 zzrn) form small patches
on the unattached sides of the loculi toward the valve interior.
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Indian River habitat and ecology. At Link Port and Jim Island. Epi
phytic on H. wrightii. Salinity, 16-38%0. Temperature, 12-31°C.

Type Locality. Indonesia - from holothurians.

Comparative Material. None available at the Academy of Natural
Sciences of Philadelphia.

Mastogloia pisciculus Cl., Le Diatomiste 2: 55, pI. 3, fig. 2. 1893.

Light Microscope (Figs. 31-32). Valve length, 30-68 ,urn; width,
13-18 11m. Striae 20-22 in 10 zzm. Puncta 25-28 in 10 ,urn. Locular
width, 1.5-2.5 ,urn; length, 2.0-3.5 lim.

This species is much like M. arabica Hendey. The specimens described
by Hendey (1970), however, were slightly larger (60-70,um long, 22-25
lim wide) than individuals from the Indian River. According to
Hendey (loc. cit.) the striae density for M. arabica is 16-19 in 10 ust».

Striae density has been given for M. pisciculus as 24-26 in 10 lim by
Hustedt (1933) and 21 in 10 11m by Boyer (1927) and Cleve (1893).
Thus, striae densities given for the two species are similar although
they do not quite overlap. Locular shapes and dimensions in the two
species are almost the same.

Cleve (1893) and Boyer (1927) described the raphe fissures of M. pis
ciculus as sinuous and Hustedt (1933) described them as either straight
or slightly sinuous. Hendey (1970) described the raphe fissures of M.
arabica as straight.

With such similarities and overlaps between these two taxa, we
seriously consider the possibility that M. arabica might well be
synomized under M. pisciculus.

Electron Microscope. External Girdle (Fig. 33). Puncta extend
from the valve face onto the mantle, completely covering it. Locular
pores are removed from parent loculi toward valve apices. These
pores open at an angle to the apical axis at the juncture of the inter
calary band and the valve mantle.

External Valve Face (Fig. 34). Striae are slightly radiate. Puncta are
small, almost circular and arranged in slightly undulating longitudinal
rows. Lateral areas are formed by depressions on either side of the
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valve face adjacent to the axial areas. Inside the depressions the
puncta are modified into transapically elongated slits. One or more
thickened silicious longitudinal ribs interrupt each lateral area. The
raphe fisures are distinctly flexed near their midpoints and for the
length of the lateral areas appear to have vertically raised sides. These
raised sides of the raphe fissures give the appearance of indistinct axial
areas under the light microscope (Fig. 32). Axial areas are quite
narrow toward valve apices. Proximal raphe ends stop abruptly at the
small central area. Distal raphe ends curve in the same direction near
valve apices before extending onto the valve mantle.

Internal Valve Face (Figs. 35-36). The internal basal structure appears
as transverse silicious ribs between which, and on another plane, are
double rows of puncta. The transverse ribs are interrupted by silicious
lateral areas which are not completely solid. The transversely dilated
central nodule connects the two lateral areas. Raphe fissures are only
slightly wavy and are bordered by thickened axial ribs. Proximal
raphe ends stop at the central nodule and appear undifferentiated.
Distal raphe ends stop at the base of small terminal nodules which are
often obscured by expansions of the intercalary band at the valve
apices. Locular bands are attached to the intercalary band such that
their outer attached sides appear slightly removed from the valve
margins. Locular tubes slant from the parent loculi toward valve
apices. The innermost free margins of the loculi are only slightly
convex and the loculi in general have a quadrangular appearance. The
inner margins of the locular bands form a concave ring parallel with
valve margins. Silicious plaques perforated by minute puncta are
situated on the innermost free margins of the loculi.

Indian River habitat and ecology. At Haulover, Link Port and Jim
Island. Epiphytic on H. wrightii. Salinity, 16-42%0. Temperature, 9
34°C.

Type Locality. Pensacola, Florida, U.S.A.

Comparative Material. None available at the Academy of Natural
Sciences of Philadelphia.

Mastogloia pumila var. pumila (Grun.) Cl. Nav. Diat. in Sv. Vet.
Akad. Handl. 27(3): 157.1895.
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Light Microscope (Figs. 37-38). Valve length, 12-26.urn; width, 5
7 zzm , Striae 26-31 in 10 .urn. Puncta ca. 35-40 in 10 zzm. Large locular
width, 1-2 zzm; length, 2-4 zzm. Small locular width, about 1 zzm;
length.T-z rzrn.

E I e c t ron M i c r 0 scop e. External Girdle (Fig. 40). Puncta continue
from the valve face and cover the valve mantle. Locular pores are
removed toward valve apices from parent loculi. These pores open at
an angle to the apical axis at the juncture of the intercalary band and
the valve mantle.

External Valve Face (Fig. 39). Striae are only slightly radiate. Puncta
are small and almost quadrangular. Solid silicious lateral areas are
narrow and are connected by the transversely dilated central area.
Slightly wavy raphe fissures arc bordered by straight narrow axial
areas. At the valve apices the raphe fissures curve distinctly as they
continue onto the valve mantle. Small hyaline fields are on both sides
of the raphe fissures at the valve apices. Proximal raphe ends stop at
the central area as tiny lacriform expansions.

Internal Valve Face (Figs. 40-41). The internal basal structure appears
as transverse silicious ribs. Double rows of puncta are situated on
another plane between the ribs. The transverse ribs are interrupted on
each side of the valve by solid silicious lateral areas which are con
nected by the transversely dilated central nodule. Raphe fissures
appear to be almost straight and are bordered by narrow thickened
axial ribs. Proximal raphe ends extend a short distance onto the
central nodule. Distal raphe ends stop at the base of small terminal
nodules. Loculi are attached to the intercalary band such that their
attached sides appear flush with the valve margins. Loculi are
essentially of two sizes, the largest being located in the center of the
bands. The innermost free margins of the loculi are convex and bear
small patches of puncta. These locular puncta are for the most part
arranged in intersecting transverse and longitudinal rows on the
smaller loculi (ca. 75-80 transverse rows in 10 .urn) and are more
random on the larger loculi.

Indian River habitat and ecology. At Haulover, Link Port and Jim
Island. Epiphytic on H. wrightii. Salinity, 16-42%0. Temperature, 9
34°C.



Type Locality. Uncertain, possibly Belgium (Patrick and Reimer,
1966).

Comparative Material. A-Cl. & Moll. #206, A-Gen. #8372, A-Gen.
#63000a.

Discussion

Hustedt (1933) divided the genus Mastogloia into eleven groups. He
stated that these groups were only arbitrarily erected as an aid to
identification. No inferences as to phylogenetic relationships were in
tended, and indeed our studies bear this out (Table 1). For every
relationship we have seen among several species there is at least one
other species which is an exception. We have, therefore, used
Hustedt's groups only as an arbitrary method of establishing some
order in the publication of our studies of the genus.

The group Ellipticae is composed of those species whose valve outline
is more or less elliptical with broadly rounded extremities. Loculi are
isomorphic. Punctate loculi were found in M. binotata, M. cribrosa,
M. crucicula, M. fimbriata, M. a valis and M. splendida (Stephens and
Gibson, 1979b). Mastogloia cribrosa has an additional feature, crater
like pits, situated at the juncture of loculi or sometimes at the end of a
locular band.

The group Inaequales is composed of lanceolate species which have
unequal loculi within each locular band. Lateral areas are absent.
Structural elements (puncta or areolae) are arranged in two inter
secting systems rather than in three intersecting systems as in the
group Decussatae. All loculi of M. angulata, M. erythraea, M.
manokwariensis and M. pusilla are punctate but only on the large
loculi of M. schmidtii could we resolve puncta (Stephens and Gibson,
1980b).

The valve outline of species belonging to the group Apiculatae is
lanceolate. Loculi are isomorphic. Mastogloia apiculata is a member
of this group. Locular puncta were not resolved in any of the
specimens of M. apiculata which we have studied (Stephens and
Gibson, 1980a). Longitudinal costae (thin, wing-like silicious elements
which border the internal raphe fissures) separate this group from the
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group Lanceolatae. However, it should be noted that longitudinal
costae are also present in some of the species belonging to other
groups. For example, we have found such costae bordering the
internal raphe fissures of M. paradoxa (group Paradoxae - Stephens
and Gibson, 1980a) and M. erythraea (group lnaequales - Stephens
and Gibson, 1980b).

Those species belonging to the group Lanceolatae have valve ends
which are obtuse or rostrate. Structural elements (puncta or areolae)
are arranged in almost straight or slightly undulating longitudinal
rows. Loculi are isomorphic. This group is easily distinguished from
the group Apiculatae by the absence of longitudinal costae bordering
the raphe on the internal valve face. Locular puncta could not be
resolved on any of the loculi of M. lanceolata (Stephens and Gibson,
1980a).

The group Undulatae is composed of lanceolate species whose loculi
are isomorphic. The external raphe fissures are noticeably undulate
and the central nodule is conspicuously broad. Mastogloia cyclops
possesses and additional feature which is not common in the genus, a
stigma. This stigma is situated Oil the side of the valve face opposite
the most expanded side of the central nodule. All loculi of M. cyclops
are punctate (Stephens and Gibson, 1980a).

The group Paradoxae is characterized by locular bands which are
greatly removed from the valve margins toward the center of the
valve. All loculi of M. paradoxa are punctate (Stephens and Gibson,
1980a).

The group Sulcatae is characterized by the presence of lateral areas.
These areas are in general a more or less solid silicious thickening on
the inside valve face. In those species included in this study, these
internal lateral thickenings on each side of the raphe are joined by the
thickened central nodule. However, their structure on the external
valve face "varies to a greater extent between species. The simplest
type, as in M. pumila var. pumila, is formed by a thickening of the
basal silicious layer which appears to be even with the external valve
face. In some other cases (e.g. M. minutissima, M. pumila var.
papuarum, M. pisciculus, M. braunii and M. omissa) puncta are
transapically expanded and covered to some extent by a thin layer of
silica. Mastogloia hustedtii has lateral areas which are formed
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somewhat differently on the outside valve face. A thin wing-like pro
jection (canopy) extends over a single longitudinal furrow on each side
of the raphe. Within the furrow, the puncta are generally not modi
fied. Longitudinal costae were not observed in any of the species we
have studied which belong to the group Sulcatae. Loculi are iso
morphic in some species of this group (e.g. M. minutissima and M.
pisciculusi but are not so in others (e.g. M. pumila var. pumila, M.
pumi/a var. papuarum, M. braunii, M. omissa and M. hustedtiii,
Locular puncta are present in all of the above mentioned species ex
cept in M. hustedtii. Papilla-like structures are present on the loculi of
this latter species.

Basal structure of the valves seems to be much the same in the species
studied which belong to the group Sulcatae. Internal valve structure
appears as transverse ribs with rows of puncta between ribs. The
transverse ribs extend all the way across the valve except where inter
rupted by lateral areas. We have considered these to be complete ribs
as opposed to marginal ribs such as occur in M. angu/ata (Stephens
and Gibson, 1980b), M. cribrosa, M. fimbriata and M. splendida
(Stephens and Gibson, 1979b). Other species which have complete
ribs, but whose ribs are not interrupted by lateral areas are M.
apiculata (Stephens and Gibson, 1980a), M. pusi//a and M. schmidtii
(Stephens and Gibson, 1980b). Some species such as M. binotata, M.
crucicu/a, M. ova/is (Stephens and Gibson, 1979b), M. erythraea,
(Stephens and Gibson, 1980b), M. cyclops, M. /anceo/ata and M.
paradoxa (Stephens and Gibson, 1980a) do not have transverse ribs
and appear to have a single layer construction.

Internal raphe systems of the seven species included in this study are
much the same. Raphe fissures appear nearly straight and stop at
rather small central and terminal nodules. Thickened axial ribs border
the fissures.

External raphe systems of these seven species are more varied than the
internal systems. Raphe fissures of M. minutissima, M. pumi/a var.
pumi/a and M. pumila var. papuarum are almost straight on the valve
face. They curve in the same direction at valve apices where they
extend onto the mantle before stopping. In contrast, the external
raphe fissures of M. braunii, M. hustedtii, M. omissa and M. pisci
cu/us are distinctly flexed on the external valve face. They also curve
in the same direction as they extend onto the mantle where they stop.
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External raphe fissures stop on the valve face in M. binotata, M.
cribrosa, M. crucicula, M. fimbriata, M. ova/is and M. splendida
(Stephens and Gibson, 1979b). The above species are elliptical in valve
outline and belong to the group Ellipticae. In contrast, external raphe
fissures extend onto the valve mantle in all species we have studied
which belong to the groups Apiculatae, Inaequales, Lanceolatae,
Paradoxae, Sulcatae and Undulatae. These species are all lanceolate
in valve outline.

Five types of loculi were described by Voigt (1942) in the genus Masto
gloia, He based his types on such characters as number of loculi per
band, size and shape of loculi and locular tube development and posi
tion. On the basis of our SEM studies, development and position of
locular tubes and consequently, position of locular pores, seem to be
more constant features. Thus, it seems that these would better charac
terize types of locular systems. Based on this premise, the simplest
type of locular system-type 1 (fig. 42 & Table 1) is that in which
the external locular pore is situated directly opposite the parent
loculus. In this case, the locular tubes appear to be rudimentary. This
is exemplified by M. binotata, M. cribrosa, M. crucicula, M.
fimbriata, M. ova/is, M. splendida (Stephens and Gibson, 1979b) and
M. splendidula Hustedt (unpublished observation). A somewhat more
developed locular system, type 2 (Fig. 43 & Table 1) is seen in: M.
angulata, M. erythraea, M. manokwariensis, M. pusi//a, M. schmidtii
(Stephens and Gibson, 1980b); M. cyclops, M. paradoxa (Stephens
and Gibson, 1980a); M. braunii, M. hustedtii, M. minutissima, M.
omissa, M. pisciculus, M. pumila var. pumila, M. pumila var. pa
puarum (this paper); and in M. citrus Cl. (unpublished observation).
In this type of system the locular tubes are situated in the same plane
as the loculi. These tubes are more (M. pumila var. papuarum) or less
(M. pumila var. pumilai developed so that they connect the loculus to
external locular pores which are removed toward valve apices from
parent loculi. This type of system was described in M. grevillei W.
Smith based on transmission electron microscopic studies by Stoermer
et al. (1964). The third type of locular system (Figs. 44a & 44b & Table
1) is like the second except that the locular tubes are situated in a plane
above the loculi. This gives the locular bands a "fibrous" appearance
under the light microscope as one changes points of focus. Voigt
(1942) also noted this type of system in M. decussata Grun., M. fa//ax

235



Cl. and M. viperina Voigt. We have observed this in M. apiculata and
M. lanceolata (Stephens and Gibson, 1980b). It should be noted that
the plane in which the locular tubes are situated is not readily apparent
using SEM techniques.

Intercalary pores are very small circular openings at the juncture of
the valve mantle and the intercalary band. Such pores are present in
M. binotata, M. cribrosa, M. fimbriata and M. splendida - all
members of the group Ellipticae. It should be emphasized that other
members of the group, (e.g. M. crucicu!a and M. ovalis) are without
such pores (Stephens and Gibson, 1979b). None of the species which
we have studied in the groups Apiculatae, Lanceolatae, Inaequales,
Paradoxae, Undulatae or Sulcatae have intercalary pores.

Striae near the valve margins of some species appear as double rows.
Scanning electron micrographs of some species of Mastogloia show
this feature to be formed by a deposition of silica which interrupts the
otherwise normally spaced areolae. This type of "double row" striae
around the valve margins is present in M. angulata (group Inaequales)
and in M. fimbriata and M. splendida (group Ellipticae). We have not
found this in any of the other species of the genus which we have
studied.

Puncta are modified to form slits on the mantle of some species of
Mastogloia in the group Sulcatae. We have observed this type of
mantle structure in M. braunii, M. hustedtii and M. omissa.

In describing the members of the genus Mastogloia from SEM obser
vations, problems in terminology are encountered. The terminology
which is adequate for light microscopic observations may be inappro
priate for more detailed SEM observations. A significant example of
this is seen in the use of the term punctate versus areolate. This is a
problem with the following species which we have studied: M. man ok
wariensis, M. pusilla, M. schmidtii, M. braunii, M. hustedtii, M.
minutissima, M. omissa, M. pisciculus, M. pumila var. pumila, M.
pumila var. papuarum, M. apiculata, M. cyclops and M. lanceolata.
The elements composing the striae appear punctate via transmitted
light microscopy. This appearance generally persists when focusing on
the external valve face using SEM. However, when focusing on the
internal valve face using SEM, these species appear to have pores
which do not penetrate the basal silicious layer as a single straight
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opening. Mastogloia cyclops has some pores which internally appear
single, while others, especially approaching the axial area, appear to
have several openings for each single perforation on the outside valve
face. The other species mentioned above seem to have either two or
four internal openings for each opening on the outside valve face.
This suggests that within the basal layer between the outside and in
side valve faces there is a "forked" type of network. Stoermer et al.
(1964) showed a somewhat "furcate" type of pore penetration in M.
grevi/lei. Based on these findings, perhaps these species should be
considered to be areolate. We have temporarily retained the term
punctate, however, for the purpose of pointing out that these species
have differently structured striae elements from those whose striae
elements are classically areolate (e.g. M. binotata, M. cribrosa, M.
crucicu/a, M. fimbriata, M. ova/is and M. sp/endida). Further studies,
especially transmission electron microscopic studies, are needed to
clearly define the nature of the elements of the striae in this genus. It is
probable that new terminology will be needed for meaningful referral
to elements of the striae in the genus Mastogloia.
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Plate 8: Figs. 42-44. Drawings of intercalary bands showing locular Types as seen
with TLM. Fig. 42, Mastogloia crucicula, Type 1 showing loculi (L) and locular
pores (Lp), Fig. 43, Mastogloia angulata, Type 2 showing locular tubes (Lt) in same
plane as loculi (L). Fig. 44a & b, Mastogtoia apiculata, Type 3. Fig. 44a, upper
focus on locular tubes (Lt). Fig. 44b, lower focus on loculi (L).
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