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BY
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(located at La Jolla, near San Diego, California, U.S.A)

INTRODUCTION

Due to the courtesy and active interest of DR. H. C.” DELSMAN,
Director of the Laboratory for Exploration of the Sea at Batavia, Java,
the Scripps Institution of Oceanography at La Jolla, California, received
in October 1929 a collection of catches of plankton diatoms taken by
DRr. DELSMAN in connection with his investigations of pelagic fish eggs
and larvae in the Java Sea. That collection was passed by Director
T. WAYLAND VAUGHAN of the Scripps Institution to the senior author of
this paper for examination. The specimens found in the included catches
proved to be very valuable for comparison with the plankton diatoms
observed in studies of distribution in the north east Pacific Ocean and
the authors of this paper prepared from them a tentative list of species
which, at the invitation of DR. DELSMAN, has been expanded into the
following report on identification of the included forms.

In preparing the report Professor ALLEN has contributed little beyond
writing this introduction and supervising the work. Miss Cupp has con-
tributed all of the illustrations and the arduous routine work of writing
keys and diagnoses, consulting authorities, and verifying references and
comparisons. ' »

Since our studies of seasonal, geographical and bathymetrical dis-
tribution of plankton diatoms require examination of untreated specimens
in great numbers, under comparatively low magnification by the micro-
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scope, we (the authors) are strongly impressed with the desirability of
presenting a report that will be useful for those wishing to undertake
similar studies of marine plankton diatoms in other localities. For that
reason we have simplified the treatment as much as was practicable,
both in respect to discussion and illustrations, and we have tried to
include in each diagnosis a form of statement that may enable an
observer to identify a specimen without special treatment or high magnifi-
cation. Unfortunately, there are many species which cannot be recognized
by simple methods of treatment. For them satisfactory identification is
only possible when specimens in good condition are obtainable and when
these can be cleaned and mounted for examination at high magnifications.

Although drawings or photographs of all species included in this
report have been published in earlier papers or reports by other observ-
ers, we are giving an original drawing for each because our experience
has shown that different workers show larger or smaller differences in
their illustrations of a particular species and that these differences in
illustration are often very helpful toward identification by observers
unfamiliar with certain species characters. All the drawings for this
report have been made by aid of a camera lucida, in practically all
instances from specimens mounted in the synthetic resin “Hyrax”
developed by DRr. G. DaLLas Hanna of the California Academy of
Sciences, San Francisco, California. This- medium is peculiarly suited
to use with plankton diatoms and it is probable that the details shown
in certain figures cannot be seen so well in any other mounting.

In our daily use of plankton literature we have found that relatively
few photographs of plankton diatoms are clear in all of the points
which we need to see. On the other hand, we have found that almost
all good drawings show the essential characters satisfactorily. Because
of such experiences we have used no photographs in illustrating this
material. ' _

Our experience has also convinced us that large books or papers
and profuse diagnoses of species are difficult to use when they must
be consulted quickly and frequently, as is often the case when making
quantitative studies of catches. Partly for that reason we have decided
to use brief diagnoses and to limit discussion to essential features, thus
presenting a paper which may be serviceable as a laboratory guide
rather than as a reference book of final authority.

So far as seems appropriate for Java material, we have followed
the order and method of treatment used by HusTEDT in DR. L. RABEN-
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HORST's “Kryptogamen-Flora von Deutschland, Osterreich und der
Schweiz””, VII. Band, “Die Kieselalgen”, Lieferung 1—5 (1928—1930)
for the Centricae. HUSTEDT in turn has based his classification on
that of SCHUTT in ENGLER and PRANTL, “Die Natiirlicien Pflanzen-
familien”” (1896). The classification of the Pennatae is based directly
on that of SCHUTT. GrAN, “Diatomeen” in “Nordisches Plankton” (1905)
and LEBOUR, “The Planktonic Diatoms of Northern Seas” (1930, Ray
Society) have also been used to a considerable extent. Since these books
are generally accessible and since they give excellent discussions of
relationship, synonymy, and existence of planktanic diatoms, we refer to
them instead of taking space for similar explanations.

PLANKTON DIATOMS

Along the California coast and other parts of the north east Pacific
Ocean there are days in the first half of almost every year when one
can dip a liter of water from the sea, pass it through a fine woven cloth
or other filter, and find on the surface of the filter, after the water has
passed, a brown or greenish brown film of slimy material. This may
be found to consist almost entirely of plankton diatoms, microscopic
plants with chlorophyll more or less hidden by a brown pigment. Placed
in a solution of formaldehyde, the slimy mass usually turns and remains
green for several hours, after which all color is gradually lost. It is
probable that in Javan material likewise the presence of diatoms is in-
dicated at times by such changes in color. However, it is more probable
that. through most of the year their presence will not be definitely in-
dicated in a plankton catch until a microscope is used on a’part of it.
Under the microscope most plankton diatoms can be distinguished from
other organisms of similar size by the peculiarly stiff appearance of their
glass-like coverings (frustules) and of the slender projections from these
frustules so often found in plankton types of diatoms. Even when united
into thread-like colonies the individual cells retain this stiffness of appear-
ance. ‘However, one entirely- strange to diatoms can have little con~
fidence in this ability to pick them out until he has seen representative
specimens under the direction of an experienced observer or until he
has seen good illustrations of similar specimens.

If, as seems preferable, diatoms can be considered to rank as a Class
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Bacillariales (Diatomales) of Algae, they may be said to
include two Orders, Centricae, with cells mostly circular, oval or
elliptical in outline, and Pennatae, with cells mostly boat-shaped or
rod-shaped. In the marine plankton, as in the material upon which this
report has been written, there are more species belonging to the second.
In this particular group of catches from the Java Sea the Centricae
are distinctly more prominent. Of the 127 species and varieties covered
by this report 91 belong to the Centricae and 36 to thePennatae.

TABLE 1

Table showing location and dépth at which the eleven samples were taken,
- and the salinity of the water.

Number Location Depth | Salinity in
of in parts per
Sample Latitude Longitude Meters | thousand
I 6°10°20”S 107°50'E 14 26.2 ’
Ii 6°12'S 108°19'E 15 326
I 6°32'/,'S 108° 12'E 20 326
IV 4°16° S 110°34'E 43 340
v 4TS 110°45'E 15 32.6
VI 3°49°S 111°4'E 35 339
Vil 3°34'S 1I°2I'E 27 338
200 3°251/,'S 111° 45/, E 8 33.3
IX 3°20°S 110°45'E 45 34.2
X 2°13Y/,S 105°9'E — 25.8
XI 2°45'N 100°3'E —_ 29.6
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Chart of the western part of the Dutch East Indian Archipelago, showing
the stations (I—XI) where the plankton-samples were taken.
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TABLE H

Table showing the relative abundance
of the various species of Diatoms in the eleven samples

Symbols:

rr = very rare ¢ = common

r = rare cC = very common

4 = present, neither rare nor common ccc = abundant

SAMPLES
DIATOMS '
|1 Illl IV{ V| VIVII}VII X

Paralia sulcata . . . . . . . . . . A l i) - o -]
Stephanopyxis Palmeriana . . . . . S R A N O P A 5
Skeletonema costatum . . . . . . . i
Coscinosira Qestrupii . . . . . . SR T R R R T R R ¢ ¢ .
Coscinodiscus excentricus . . . . . . I +

, lineatus. . . . . . . . . ... N ) +

. marginatus . . . . . . . . .. R I R O rr

, radiatus . . . . . . . . . .. oL . r

, nodulifer . . . . . . . . ... O O P T R I ¢

. Jonmesianus . . . . . . . . .. ci .-l 1 141+

" » var. commutata . . . . . O O R P R B Llrgr

. concinnus . . . . . . . . . . . A T e R I I 34

, nobilis . . . . . . . .. . .. cci+i+4+ |-t .4 |riccc

., asteromphalus . . . . . . .. +

, oculus-iridis . . . . . . . .. oo r

, gigas var. praetexta . . . . . . +ici:+|+|clccclecc| c | € +

. Janischii var. arafurensis L. | R R .

. subtilis . . . . . . ... . .. o } r
Planktoniella sol . . . . . . . . . . relerd - | - B T
Actinoptychus undulatus . . . . . . o N
Asterolampra marylandica . . . . . . | rr .
Asteromphalus flabellatus . ... . . . ' T

s Cleveanus . . . . . . . . .. - ri .
Corethron criophilum . . . . . . . . R R R
Lauderia annulata . . . . . . . . . +|l+ic +!l4+jclc)ec
Schréderella delicatula . . . . . . . r + <+ + | +
Leptocylindrus danicus - . . . . . . SRR . rr| -
Guinardia flaccida . . . . . . . . . +i4+1c +1ic +i4+fc|+
Rhizosolenia Stolterfothii . . . . . . R T S +|4|c] +

. oylindrus . . . . . . . . . .. . rr

, robusta. . . . . . . . . . .. o] sl -ypdm e

. Bergonii . . . . . ... ... +

, arafurensis . . . . . . . . . . N IR I I N 2N r

, Clevei . . . . . . . .. . .. r . AR

, imbricata . . . . . . . . . .. c +l+l+ e tc|+]|c|+

n » var. Shrubsolei . . . . . . +1c i+l + 1+ |+l ||+

. Ssetigera . . . . . . . . ... 4|+ . + 414
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DIATOMS

SAMPLES

I1i

v|v1

VIl

Vi

IX

"

X1

Rhizosolenia styliformis
var. longispina . . . . . .
” » var. latissima . . . . . .
. calcar-avis . . . . . . . ...
. hebetata form semispina . . . .
., alata form genuina . . . . . .
form gracillima . . . . -
” , form indica . . . . . . .
Bacteriastrum delicatulum
« hyalinum . . . . . . . . ...
W ovarians . . . . . . . . ... .
. » var., hispida . . .. . . . .
, comosum . . . . . . . . . ..
Chaetoceras Eibenii
., coarctatum . . . . . . . . ..
» denticulatum .
» nanodenticulatum . . . . . . .
, rostratum. . . . . . . . . ..
. peruvianum . . . . . . .
" » form robusta
., Lorenzianum . . . . . . . ..
. Lauderii . . . . . . . . . ..
. compressum . . . . . . . . ..
., didymum . . . . . . . . . ..
var. protuberans . . . . .
" » var. anglica . . . . . ..
., constrictum . . . . . . . . ..
» VYan Heurckii . . . . . . . ..
n affine
- paradoxum . . . . . . . . ..
., distans . . . . . . . . . . ..
» laciniosum
, breve . . . . . . . . . . ...
. diversum . . . . . . . . . ..

" ”

» n

” n

..........

., laeve . . . . . . . . . . .. :

- Dpseudocurvisetum . . . . . . .
Eucampia zoodiacus . . . . . . . .
. cornuta
Climacodium Frauenfeldianum
Streptotheca indica. . . . . . . . .
Bellerochea malleus form biangulata .
Ditylum sol . . . . . . .. . ...
Biddulphia mobiliensis . . . . . . .
» Sinensis
. heteroceros . . . - . . . . ..
. reticulum .

............

o+ + -
n.+~

oo+4o .
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DIATOMS

SAMPLES

II

HI

\'

\'4

VIl

VHI

IX

XI

Biddulphia dubia . . . . . . . . .
. Species . ’
Cerataulina Bergonit . . . . . . . .
., compacta . . . . . . . . . ..
Hemiaulus sinensis . . . . . . . . .
, indicus . . . . . . . .. L.
., Mmembranaceus . . . . . . . .
Hemidiscus Hardmanianus . . . . .
Licmophora Lyngbyei . . . . . . . .
Raphoneis amphiceros . . . . . . .
, Surirella . . . . . . . . ...
Thalassiothrix elongata . . . . . .
. Nitzschioides . . . . . . . . .
. Frauenfeldii . . . . . . . ..
Asterionella japonica . . . . . . . .
Campyloneis Grevillet . . . . . . .
Navicula Weissflogii . . . . . . . .
., elliptica . . . . . . ... ..
, Pelagi . . . . . . ... ...
Pleurosigma naviculaceum . . . . .
. pelagicum . . . . . . . . ..
., elongatum . . . . . . .. ..
. Normanii . . . . . . . . . ..
. angulatum . . . . . . . . ..
" » var. strigosa . . . . . . .
, aestuarii . . . . . . . . . ..
. Spencerii . .
., rectum . . . . . . . . . ...
. compactum . . . . . . . . ..
Amphiprora gigantea var. sulcata . .
Mastogloia minuta . . . . . . ..
Amphora lineolata var. chinensis
., decussata . . . . . . . . . ..
Bacillaria paradoxa . . . . . . . .
Nitzschia panduriformis var. continua
- Sigma var. intercedens . . . . .
” , var.indica . . . . . . ..
, longissima . . . . . . . . ..
, Closterium . . . . . . . . ..
. Lorenziana var. incurva . . .
., Seriata . . . . . . . . . . ..
Surirella gemma . . . . . . . . ..
, fluminensis . . . . . . . . .
Campylodiscus (?) cocconeiformis . .
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BACILLARIALES
(DIATOMALES)
KEY
CENTRICAE

A Valves with a-concentric or radiating sculpture around a

point or points, central or lateral, never arranged in relation
to a middle line, without raphe or pseudoraphe; outline
circular, oval, or elliptical, sometimes polygonal, rarely cres-
cent-shaped or spindle-shaped; processes common . . . . CENTRICAE.
[ Cells disc-shaped or cylindrical. Valve circular, its surface
flat or convex, sometimes hemispherical. Zonal diameter
generally shorter than valval. Valve sculpture arranged in
relation to a central pole. Spines frequent; horns, when
present, small . . . . . - . . . . . . . . . Discoideae.

1 Valves circular. Not divided into definite sectors by
ridges or partitions, though sometimes having radial lines
of interrupted dashes. More or less long spines often
present. . .

a Frustules usually united into chains;cells lens-shaped,
spherical, or cylindrical. Intercalary bands often
sculptured. Valve mantle usually well developed . . Melosirinae.

(1) Paralia (p. 111)
(2) Stephanopyxis (p. 112)

b Cells short or long cylindrical, united in chains by
delicate siliceous processes or gelatinous threads. Cell

Coscinodisceae.

wall usually weakly siliceous . . . . . . Skeletoneminae.

(3) Skeletonema (p. 112)
(4) Coscinosira (p. 113)

¢ Cells solitary; disc- or drum-shaped. Valve surface
slightly convex, rarely strongly convex, sometimes
nearly flat or barely concave. Intercalary bands hyaline
or in rare cases very delicately dotted. Valve mantle

not strikingly developed . . . . . . . Coscinodiscinae.

(5) Coscinodiscus (p. 113)
.(6) Planktoniella (p. 120)
2 Valve circular, divided into complete or incomplete
sectors by radiating ridges or wide hyaline rays; no
horns or prominent spines . . . . . - . - - - ¢ Actinodlsceae.
a Valve divided into sharply distinct sectors by radial
ridges uniformly running from the margin to the
hyaline central area; small but evident spines usually
at the marginal ends of these dividing ridges; alter-

nate sectors generally depressed. . e e
(7) Actinoptychus (p. 120)

. . . Actinoptychinae.
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b Valve sharply divided into sectors by broad hyaline
bars or rays running from a hyaline center toward
or to the margin, their outer ends marked with a
minute spine; the hyaline center divided into more
or less wedge-shaped divisions confluent with the
rays; spaces between the radiating rays marked with
fine but closely set puncta arranged in radial or decus-
satingrows . . . . . . . .« . . . . . . . . Asterolamprinae.
(8) Asterolampra (p. 121)
(9) Asteromphalus (p. 121)

Il Valve oval or circular; cells long-cylindrical, with numerous
intercalary bands, without internal septa; cells united into

chains by theirvalves. . . . . . . . . . . . . . Solenoideae.
1 With numerous intercalary bands. . . . . . . . . Solenieae.
a Valves flat or raised, with or without marginal spines;
excentric. process absent . . . . . . . Lauderiinae.

(10) Corethron (p. 122)
(11) Lauderia (p. 123)

(12) Schréderella (p. 123)
(13) Leptocylindrus (p. 124)

b Valves flat or convex, with a single, often short,
process usually excentrically placed, thus destroying

the symmetry of the valve Rhizosoleniinae.

(14) Guinardia (p. 124)
(15) Rhizosolenia (p. 125)

III Cell box-shaped, pervalval axis generally shorter, some-
times slightly longer, than the valval axis; valve usually
oval, sometimes polygonal, circular or semicircular; unipolar,
bipolar, or multipolar, each pole represented by an angle
or by a horn or spine or by both angles and horns. . . Biddulphioideae.

1 Valves with long setae, longer than the cell. Cells united
in chains by the basal part of the setae. Valve circular

or oval. Seldom solitary . . . . . . . . . . . . Chaetocereae.
(16) Bacteriastrum (p. 131)

(17) Chaetoceras (p. 133)

2 Horns thick, generally shorter than the cell; when longer
only slightly so and then tipped with a claw. United in
chains by the ends of the horns . . . . . . . . . Biddulphieae.
(i) Horns without claws on the end.
a Valves bipolar. Cell wall weakly siliceous . . . Eucampiinae.
(18) Eucampia (p. 142)
(19) Climacodium (p. 142)
(20) Streptotheca (p. 143)

b Valves tripolar to multipolar, sometimes with
bipolar varieties. Angles not bearing dome-like
protrusions or horns . . . . . . . . . . . Triceratiinae.
' (21) Bellerochea (p. 143)
(22) Ditytum (p. 144)
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c Valves generally bipolar, sometimes tripolar to
multipolar, each angle with a dome-like protrusion
.or a horn. Usually strongly siliceous . . . . . Biddulphiinae.

(23) Biddulphia (p. 145)

(ii) Horns with claws on the end. :

a Valve bipolar, tripolar or quadripolar. . . . . Hemiaulinae.
(24) Cerataulina (p. 148)
(25) Hemiaulus (p. 149)

3 Cells without horns; valve without internal septa, semi-
circular, broader than long; cell in girdle view cuneate * Euodiae.
(26) Hemidiscus (p. 150)

PENNATAE

B Valve not centrally built; notarranged in relation to a central
point, but to a median line. Outline generally boat-shaped
or rod-shaped, sometimes oval, cuneate, crescent-shaped, or
sigmoid; markings generally pinnate or transverse. True
raphe, or hyaline median line (pseudorziphe), or raphe obs-
cured by lateral wings or keel (cryptoraphe) always present.
Processes such as horns, spines, etc. uncommon. Cell capable
of spontaneous movement if a true raphe is present . . . PENNATAE.

I. No true raphe; a hyaline median line (pseudoraphe) present

rarely obscure. . . . . =« « « « v « v« « <« « . Fragilarioideae.

1 Cells solitary or umted into a fan or forming a spnral
band; not forming a ribbon or zigzag chain. Outline in
girdle view rod-shaped; valve club-shaped . . . . . Meridiogeae.
’ (1) Licmophora (p. 157)

2 Cells united to form a ribbon or zigzag chain. Girdle
composed of separate bands . . . . . . . . . . Fragilarieae.

a Sagittal line median. Valve without transverse septa. Fragilariinae.
(2) Raphoneis (p. 152)
(3) Thalassiothrix (p. 152)
(4) Asterionella (p. 153)

II Cell having one valve with true raphe, the other with

distinct or obscure hyaline median line (pseudoraphe). . Achnanthoideae.

I Cell in girdlé view straight; outline of valve broad-oval
ornearly round . . . . . . . . . .. Cocconexdeae.
(5) Campylonels (p. 154)

1II Both valves with a raphe. Raphe generally evident. Valve
generally not keeled; if keeled, the raphe coincident with «
thekeel . . . . . . . .+« . . .« . <+« « . . Naviculoideae.

1 Valve with evident raphe; keel generally absent or, when
present, without punctuation; markings usually pinnate Naviculeae.

a Tell not wedge-shaped in either girdle or valve view.
valve straight or sigmoid; never crescent-shaped . Naviculinae.
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(i) Cells without internal compartments along the
margins of the valves
(a) Valve without keel . . . . . . Naviculidae.

* Raphe straigt or barely undulate, its txps
turned toward the same side of the valve;
outline of valve boat-shaped . . . . Naviculae.
6) Navicula (p. 154)

** Raphe strongly curved into an S, rarely
into a C; sides of valves usually corres-
ponding to the same curve. Tips of the
raphe turned to opposite sides of the valve Pleurosigmae.
(7) Pleurosigma (p. 155)

(b) Valve with keel. Raphe straight or sigmoid,
median ornot. . . . . . .. Amphiproridae.
(8) Amphlprora (p. 158)

(ii) Cell with internal compartments along the margin
of the valve. Characters, except the lateral com-
partments, the same as in Naviculae. . . . . Mastoglolidae.
(9) Mastogloia (p. 159)

b Cell wedge-shaped in the direction of the transverse
axis. Valve more or less crescent-shaped. . . . .. Cymbellinae.

(i) Valve without transverse ribs, raphe evident.
(10) Amphora (p 160)

2 Valve “apparently without raphe, which is ‘obscured by
the marginal keel. Each valve with a sagittal keel. Trans-
verse section rhombic. Keel with punctation and canal
" raphe. Markings always transverse . . . . . . . Nitzschieae.
(ll) Bacillaria (p. 160)
(12) Nitzschia (p. 161)

IV Raphe hiddenin lateral winged keel. . . . . . . . . Surirelloideae.
1 Valve surface not undulated in a series of transverse
depressions and elevations . . . . . . . . Surirelleae.

(13) Surirella (p. 163)
- (14) Campylodiscus (p. 164)

BACILLARIALES

CENTRICAE
(1) Genus PARALIA HEIBERG

Short cylindrical cells, constricted at each end, firmly united by valve
surfaces into long straight chains. Valve surface with radial puncta.
Regular coarse network of more or less hexagonal markings on cell wall.
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1 Paralia sulcata (EHR.) CLEVE

18382, EHRENBERG, p. 176, P1. 21, §. 5, Gaillonella sulcata.
18735, CLEVE, p. 7.

Cell thick walled, disc-shaped or cylindrical, constricted at each end.
Cells united by valve surfaces into long straight chains. One girdle band
usually covering the halves of two cells. Only three or four chains
observed.

Diameter, 12—34 p.
Fig. 1 Part of a chain. Diameter, 12 . X 1500.

(2) Genus STEPHANOPYXIS EHRENBERG

Cells oval, oblong or nearly. circular, with hexagonal areolations.
Margins rounded, with a crown of stout spines which unite the cells
into usually short chains. Girdle between two cells reaching from center
to center, without intercalary bands.

1 Stephanopyxis Palmeriana (GR.EV.) GrRuUNOW

1865a, GREVILLE, p. 2, PL. 1, 1.9 Creswellia Palmeriana.
1884, GRUNOW, p. 38. ‘

Cells cylindrical with flat or convex valves. Usually-in short chains.
Girdle between two cells reaching from- center to center. Without inter-
calary bands. Spines in a concentric ring, numerous, enlarged at the
base. Areolations hexagonal. Near valve margin areoles small, 7—9 in
10 p; 3—3145 in 10 p near base of spines; 114 in 10 p in center of valve.
Large areoles in center of valve more delicate, sometimes difficult to
see. Fairly common.

Diameter, 93—105 .

Fig. 2 Four cells in a chain, girdle view. Diameter, 105 .

,, 2a Structure of the mantle. X 1500.

, 2b Structure of valve surface. X 750.

~ (3) Genus SKELETONEMA GREVILLE

Cells circular, lens-shaped, oblong or cylindrical. Without distinct
sculpture. At margin of valve a row of spines parallel to the longitud-
inal axis, which unite the cells into chains by interlocking.

1 Skeletonema costatum (GREV.) CLEVE

1866, GREVILLE, p. 71, PL. 8, {. 3-6. Melosira costata.
1878, CLEVE, p. 18.

Chains thin, usually straight. Cells lens-shaped, elliptical or

Ann. jJard, Bot. Buitenz. vol. XLIV 8
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cylindrical, with rounded ends, joined into chains by long, straight,
marginal spines parallel to the longitudinal axis. Space between cells
usually longer than cells. Common.

Diameter, 8—14 p.

Fig. 3 Part of a chain, girdle view. Diameter, 12 p. X 1500.

» 3a Valve view of a cell. Diameter, 12 r. X 1500.

(4) Genus COSCINOSIRA GrAN

Cells short, usually disc-shaped, united in flexible chains by several
.threads coming from corresponding pores. Valves finely sculptured, with .
a central axis and marginal spinulae. Valves rounded or flat, somefimes
depressed in the center. One or more intercalary bands.

1 Coscinosira Oestrupii OSTENFELD.
1900, p. 52.

Cells cylindrical with nearly flat, slightly rounded, or occasionally
concave valves. Distinct more or less irregular reticulations on valves.
Marginal spinulae absent. Cells united into chains by numerous mucus
threads either parallel to long1tud1nal axis or slightly bulged Rare.

Diameter, 24—36 .

Fig. 4 Four cells in a chain, girdle view. Diameter, 24 p. X 750.

(5) Genus COSCINODISCUS EHRENBERG

Cells simple discs, without large knobs or processes. Valve sculpture
hexagonal meshes or fine round puncta, or areoles arranged in various
ways. Marginal spinulae present or absent. Apicules present or absent.
Girdle a single band to each valve, or with one or more collarlike inter-
calary bands.

The following groups given by GRAN are represented:

Section I Lineati. Valves flat, usually with marginal spinulae. Areoles regular,
hexagonal in straight or curved rows, not radiating from the center.

Section Il Radiati. Larger forms usually with strong valve structure. Areoles
radiating from the center, not divided up into sectors. Central rosettes
present or absent. Spinulae and apicules present or absent.

Section lll Fasciculati. Valves usually more or less flat. Spinulae and one or two
apicules present or absent. Areoles in sectors; the sectors curved or
straight.

Section I. — Lineati
1 Coscinodiscus excentricus EHR.
18385, p. 146.
Cell disc-shaped. Valves almost flat with narrow margins having
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spinulae arranged in an irregular circle, 2—4 in 10 . Sculpture hexagonal
meshes or areoles, arranged in slightly curved, nearly parallel rows,
based on arrangement of seven. Meshes not radiating from the center.
Usually a single central mesh with seven meshes around it. Areoles 5—6
in 10 x in center, 8—9 in*10 x near edge. Fine radial striae on valve
margin, 14—18 striae in 10 g. Common.

Diameter, 20—=66 p.

Fig. 5 Valve. Diameter, 32 u. X 1500.

» Sa Structure of valve. X 1500.

2 Coscinodiscus lineatus EHR.
18380, p. 129. .
Cells disc-shaped with almost flat, seldom slightly concave or convex
valves. Valve margin narrow, with radial striae, 9—10 in 10 p. Marginal
spinulae present. Areoles hexagonal, in straight lines instead of curves,

based on six sectors, slightly smaller at margin but of similar size over
most of valve, 5—7 in 10 x. Chamber openings in areoles mostly distinct.
Not common.

Diameter, 56—89 .
Fig. 6 Valve. Diameter, 86 p. ) 750.
» 6a Structure of valve. X 1500.

Section II. — Radiati
3 Coscinodiscus marginatus EHR.

1839, p. 142.

Synonym: Coscinodiscus subconcavus GRUNOW forma major SCHMIDT
Atlas, PL. 62, f. 7.

Cell thick-walled, valves convex. Valves with large areoles in more
or less regular, radial or parallel rows. Without central area or rosette.
Areoles of nearly equal size, slightly smaller near margin, 31%4—4 in
10 . Chamber openings distinct. Outer membrane with a ring of delicate

puncta. Margin of valve wide, with heavy radial striae, 9—10 in 10 .
Not common.

Diameter, 24—36 p.

The individuals in this material correspond to Schmidt’s figure and
to the figure of C. subconcavus GrUN. in WoLLE (1894, PI. 81, f. 10),
rather than to figures of a typical C. marginatus.

Fig. 7 Valve. Diameter, 36 p. 3 1500.

» 1a Structure of valve. Focus lower than in fig. 7. X 1500.

» 7b Structure of valve. Focus above fig. 7. % 1500.
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4 Coscinodiscus radiatus EHR.

18385, p. 148, PL. 3, f. 1 a-c.
Cell flat-disc-shaped with almost flat or very slightly curved valves.

No spinulae or apicules. Sculpture coarse, no central rosette or area,
meshes about the same size from center to margin, 3—4 in 10 p; slightly
smaller at extreme edge, 6—8 in 10 p. Chamber openings in areoles
indistinct.. Valve margin small, with radial striae, 6—38 in 10 . Rare.

Diameter, 73 p.

Fig. 8 Valve. Diameter, 73 p. X 750.

,, 8a Structure of margin of valve. X 1500.

,, 8b Structure of margin of valve, showing network of areoles.

X 1500.

5 Coscinodiscus nodulifer SCHMIDT
1878, Atlas, Pl. 59, f. 20-23.

Cell disc-shaped with flat valves. Valves with more or less strong
areoles, without rosette, frequently with a small central area. One more
or less conspicuous nodule near the center of the cell.- Areoles of nearly
the same size over entire valve, 4—5 in 10 x; only near the edge and
usually in the center slightly smaller. Chamber openings distinct. Outer
membrane very delicately punctated. Arrangement of areoles irregular,
radial rows inconspicuous, oblique decussating rows more distinct. Valve
margin relatively wide, with strong radial striae, 6—38 in 10 p. A row
of very delicate spinulae on inner half of marginal region, difficult to
see. Rare.

Diameter, 42 p.

Fig. 9 Valve. Diameter, 42 p. > 1500.

,, 9a Structure of valve showing areole network. Diameter, 42 p.
X 1500.

6 Coscinodiscus Jonesianus (GREV.) OSTENFELD

1862, GREVIILLE, p. 22, PL. 2. f. 3, Eupodiscus Jonesianus.
1915, OSTENFELD, p. 13. . 7.
Cells large. Valves flat or concave in the center, sometimes slightly

higher on one side than on the other. Areoles in the center in a more
or less distinct rosette, usually prominent but sometimes absent alto-
gether. 5—6 areoles in 10 x near the center, further out 8—9 in 10,

near margin 13—15 in 10 p. Outer membrane very delicately punctated.
Radial rows and secondary spiral row regular. Interstitial meshes, possi-

bly spinulae, sometimes present on valve surface forming an irregular
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ring about half-way between center and margin. Inside the margin a
row of distinct but small spinulae, 8—10 p apart, from which fin€ radial
hyaline ribs run toward the center. Radial ribs almost absent in some
individuals. Areoles on each side of hyaline area somewhat larger than
the others. Two extraordinarily large, cone-shaped processes near
margin, situated at an angle of 110 °—125 © apart. Common.
Diameter, 260—430 .
Fig. 10 Valve with processes and hyaline ribs. > 160.
,, 10a Center of valve without definite rosette. > 1500.
» 106 Process. X 1500.
, 10c Structure midway between center and margin of valve.
X 1500.
, 10d Structure of valve near margin showing process, spinulae.
and hyaline ribs. X 1500.
,, 10e Rosette. Puncta on outer membrane indicated. X 1500.
» 10f Rosette of another valve. X 1500.

var. commutata (GRUN.) HUSTEDT

1884, GRUNOW, p. 79. Eupodiscus (?) cammutatus, Coscinodiscus com-
mutatus.
1928, HUSTEDT, p. 440, f. 240.

Cell medium-sized. Valves slightly convex. Sculpture coarse. Central
rosette present,” but less well differentiated than in C. Jonesianus, the
areoles becoming smaller more gradually. 4—5 areoles in 10 p near the
center, 6 in 10 p midway between center and margin, 8 in 10 o near
margin. Small marginal spinulae present, 8—10 p apart, but with no
hyaline ribs extending from them. Interstitial mesh absent. Two large
conical processes very similar to those in the type, situated at an angle
of 110 °—120 © apart. Not common.

Diameter, 81—134 p.

Fig. 11 Valve showing marginal spinulae and large processes.

Diameter, 134 p. X 325.
,» lla Center of valve. X 1500.
,» 116 Section of valve. X 750.
, 11c Rosette showing net of areoles. X 1500.
,» 11d Process. X 1500.

7 Coscinodiscus concinnus W. SM.

1856, Syn. Vol. I, p. 85.
Cells large, drum-shaped with convex valves almost flat or slightly in-
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dented in the center. Thin walled, hyaline in appearance. Sculpturing very
fine, radial. Typical form with a rosette of large meshes. Rosette frequent-
ly completely absent, a large central area taking its place. Areoles 10—13
in 10 x near center, 11—14 in 10 p near margin. Chamber openings in-
disunct. Outer membrane- very delicately punctated. Radial rows and
secondary spiral rows regular. Inside the margin a row of distinct, but
small spinulae about 10—30 u apart, from which more or less distinct,
hyaline ribs run toward the center. Two small, asymmetrical processes
or apicules clearly perceptible, at an angle of about 120 © apart. Girdle
with many intercalary bands. Cell very similar in shape to C. nobilis. Not
common.
Diameter, 300—310 p.
Fig. 12 Valve showing marginal processes and "spinulae with
hyaline ribs. Diameter, 301 u. % 325.
» 12a Section of valve. X 750.
» 126 Center region. X 1500.
» 12¢  Outer region. X 1500.

8 Coscinodiscus nobilis GRUNOW g

1879, p. 687, PL. 21, f. 1.

Cells large, drum-shaped with convex valves almost flat or slightly
indented in the center. Intercalary bands numerous, collar'-shaped. Sculpt-
uring fine, radial. Central space distinct, hyaline. Areoles 9—10 in 10 g
near center; 6—7 in 10 p near margin and on larger part of valve, hexa-
gonal toward the margin. Inside the margin a row of distinct but small
spinulae, about 7—12 u apart, from which usually incenspicuous, radial,
hyaline ribs run toward the center. Apparently irregularly placed spinulae
on valve surface from which hyaline ribs also run toward the center. Two
small but distinct apicules on the margin at an angle of about 115 °
to 120° apart. In general shape resembles C. concinnus closely, but
sculpturing coarser and not hyaline in appearance. When dried, a dark
fawn color similar to Hemidiscus Hardmamanus Abundant in some
catches.
Diameter, 325—490 p.
Fig. 13 Valve showing spinulae and hyalme ribs. Diameter, 446 p.
X 160.

» 13a Center of valve. Diameter, 314 p. % 1500.

» 13b Structure of valve midway between center and margin.
X 1500.
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Fig. 13c¢ Girdle view of a cell possibly after division. Diameter,
325 p. X 170.

,, - 13d Girdle view. Diameter, 400 x. X 170.

,, 13e Section of a valve. Diameter, 314 p. X 750.

, 13f Structure of marginal region showing apicule and spinulae
with hyaline ribs. X 1500.

9 Coscinodiscus asteromphalus EHR.
1844, p. 77.

Cell disc-shaped, valves depressed in the middle, convex on the
margin. Valve surface radially areolated, with a large rosette and often
a more or less large clear area in the center. Areoles polygonal, nearly '
the same size on entire valve, except somewhat smaller in marginal
region. 3—>5 in '10 p. Chamber openings (central dots) distinct. Outer
membrane strikingly punctated. Margin more or less wide, with radial
striae, 5—6 in 10 . No spinulae visible in valve view. Not common.

Diameter, 245—363 p. :

Fig. 14 Section of valve. Diameter, 281 p. X 750.

,, 14a Structure midway between center and margin showing
puncta on outer membrane. X 1500.

., 14b Structure of marginal region. X 1500.

,, 14c Center of valve with puncta of outer membrane. Diameter,
342 p. X 1500.

~

10 Coscinodiscus oculus-iridis EHR.
18385, p. 147.

Cell disc-shaped. Center- part of valve slightly concave. Areoles large,
radiating from. the center. Rosette usually large, sometimes with a small
central hyaline area. In the region of the rosette, 4—5 areoles in 10 p;
nearer the margin, 214—3 in 10 p; in the small marginal region, 5—56
in 10 u. Chamber openings distinct. Margin small, with radial striae
corresponding to the outer areoles, 6—38 in 10 y. No marginal spinulae

visible in valve view. Two asymmetrical processes, small, but usually
clear. Rare.

Diameter, 135 p.

Fig. 15 Valve. Diameter, 135 p. )X 750.

., 15a Center showing areole network. X 1500.

., 156 Center showing chamber openings. XX 1500.
, 15¢ Section in marginal region. ) 1500.
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11 Coscinodiscus gigas EHRENBERG
1841, p. 412.

var. praetexta (JANISCH) HUSTEDT

1891, JANISCH, Coscinodiscus praetextus, Pl. 3, f. 4.
1928, HUSTEDT, p. 457, f. 255, 2566.

Cell disc-shaped with almost flat valves. No rosette, central area
large. Areoles on the outside near the margin small, 3—4 in 10 p; then

large, 2 in 10 g, and dark, forming a broad definite band 30—35 w in
width; toward the center more delicate and hyaline in appearance,

215—3 in 10 x; at the center, 3—4 in 10 p. Areoles rounded toward the
center, then hexagonal. Chamber openings distinct only in the outer part
of the valve. Outer membrane in marginal region delicately punctated;
nearer the center puncta on only the margins of the areoles. Radial
and secondary spiral rows very regular.. Valve margin small, radially
striated, striae 5—6 in 10 p. Two asymmetrical processes, at an angle
of about 120 °© apart, small but distinct. Very abundant in some samples.
Diameter, 391—575 . ’
Fig. 16 Section of valve. Diameter, 551 p. X 750.
,, 16a Small section of center showing puncta on margin of
areoles. X 1500. '
» 16b Section of marginal region showing areole network.
Puncta of outer membrane indicated. Y 1500.

Pl

12 Coscinodiscus Janischii A. SCHMIDT
1878, Atlas, Pl 64, f. 3,4.

var. arafurensis GRUNOW
1884, p. 76.

Cell disc-shaped, with almost flat valves, slightly depressed in the
center. Central area small but distinct. A row of small areoles near the
margin, about 4 in 10 p; around the central area 214 to 3 in 10 y; on
rest of surface of valve of nearly equal size,about 2 in 10 u. Valve hya-
line in appearance. Radial and secondary spiral rows distinct. Valve
margin small, with radial striae, about 5—6 in 10 . Rare.

Diameter, 170-—261 g.

Except for the larger size of the areoles, the cells observed in this
material resemble those figured by JaniscH in ‘““The Diatoms of the
Gazelle Expedition”, Plate 4, figures 3 and 5 as C. arafurensis. RATTRAY
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(1889, page 543) gives C. arafurensis as a synonym of C. Janischii.
C. Janischii has about 3—4 areoles in 10 x-on the larger part of the
valve, while its variety has about 2 in 10 p.

Fig. 17 Valve. Diameter, 175 p. X 325.

,, 17a Section of valve. X 750.

,, 17b Section of marginal region. X 1500.

, 17c¢c Margin. 3 1500.

,, 17d Center. X 1500.

Section IlI. — Fasciculati

13 Coscinodiscus subtilis EHR.

1841, p. 412, PL 1, I1I, f. 18; PL 3, VII, f. 4.

Valves thin, with fine sculpture. 9—14 bundles of meshes or areoles
running out from the center, 14—18 parallel rows in a bundle; oblique
rays crossing the radial rays. Areoles gradually becoming smaller
from the center toward the margin, 7—38 in 10 x near the center, 9 in
10 . near the margin, very fine in the margin. Marginal spinulae present,
corresponding to the bundles. Given in HUSTEDT, l§28, as C. excentricus
var. fasciculata HUSTEDT. Not common. i

Diameter, 48—389 p. ‘

Fig. 18 Valve, half showing structure, half indicating arrangement

of bundles of meshes. Diameter, 48 p. )X 1500.

(6) Genus PLANKTONIELLA SCHUTT
Cells single, disc-shaped, with a wing-like expansion all around, of
extra-cellular chambers strengthened by radial rays.

1 Planktoniella sol (WALLICH) SCHUTT.

1860, Coscinodiscus sol, (WALLICH) p. 38, PL 2, f. 12.
1893a, Schiitt, p. 20, f. 8.

Valves flat, disc-shaped, sculpture like Coscinodiscus excentricus.
5—6 areoles in 10 p near center of valve, 8—9 in 10 p near edge. Wing-
like expansion all around cell, of extra-cellular chambers strengthened
by radial rays. Rare.

Diameter, without border, 40—54 p; with border, 105—120 .

Fig. 19 Valve. Diameter, center, 40 p; whole valve, 105 . X 750.

(7) Genus ACTINOPTYCHUS EHRENBERG

Cells single, disc-shaped. Valve divided into sectors alternately raised
and depressed. Smooth central field.
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1 Actinoptychus undulatus (BAIL.) RALFs

1842, BAILEY, Actinocyclus undulatus.
1861, RALFS, in PRITCHARD, p. 839, PL. 5, f. 88.

Cell disc-shaped, with strongly undulating valves. Valves with usually
six sectors of similar size. Central area smooth, hexagonal. The raised
sectors with a short, blunt process in the middle of the outer margin;
surface strongly areolated and punctated. Areoles 4—6 in 10y, more
or less regular. Puncta in radial and oblique rows diverging slightly as
they approach the center, about 18—19 in 10 p. The depressed sectors
usually without processes. Areoles less prominent than in raised sectors
but similarly arranged. Punctation coarser, radial rows less distinct,
oblique rows stronger, about 12—15 in 10 g Cell wall strong. Rare.

Diameter, 36—48 .. ‘

Fig. 20 Valve. Diameter, 48 ». X 1500.

(8) Genus ASTEROLAMPRA EHRENBERG

Cell disc-shaped, sharply divided into sectors by broad hyaline rays
running from the hyaline center toward the margin. Rays all of same
width and generally tapering to the margin, outer ends with a minute
spine. Hyaline center divided into more or less wedge-shaped divisions.
Fine areolation between rays. Central area either reticulated or divided
by straight lines into the same number of parts as the rays.

1 Asterolampra marylandica Enr.
1844, p. 76, £. 10.

Cell disc-shaped. Valve with large, hyaline middle region, at least
one-third diameter of valve, divided into 7 sectors. Seven narrow, hyaline
rays of like size and structure from central region almost to edge of
valve, with a short process on the outer end. Segments between rays
regularly areolated, with areoles in a three-line system. About 13 areoles
in 10 u, larger on the border of the segments along the rays. Rare.

Diameter, 70 p.

Fig. 21 Valve. Structure of segments indicated on one segment.

Diameter, 70 n. X 750.

(9) Genus ASTEROMPHALUS EHRENBERG

Cells single, disc-shaped or ovate. Valves flat, areolated. Central
field smooth with only a few lines, from which a number .of smooth

rays run. One of the radiating rays narrower than the others; rays not
tapering to the margin; central area never reticulated; unequally divided
into the same number of parts as the rays by more or less zigzag lines.
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1 Asteromphalus flabellatus (BREB.) GREVILLE

1857, BREBISSON, p. 297, Pl 3, f. 3, Spantangidium flabellatum.
1859, GREVILLE, p. 160, PL. 7, f. 4, 5.

Cell ovate. Middle hyaline area excentric, about half the diameter of
the cell. Sector lines of middle area not branched. Eight slender hyaline
rays, one much thinner than other seven, from center area almost to
margin of cell. Rays straight or slightly curved. Segments eight, clearly
but delicately areolated. Areoles about 16 in 10 p, larger around inner
border, finer toward outside margin of segments; arranged in a three
line system. Rare. '

Length: long axis, 42 p; short axis, 24 p.

Fig. 22 Valve. Length, long axis, 42 p; short axis, 24 p. )X 1500.

2 Asteromphalus Cleveanus GRUNOW

(= A. Wallichianus CLEVE not Grev.) Figure in SCHMIDT, Atlas
Heft 10. PI. 38, f. 13, 14.
1873a, CLEVE, p.5, PL. 1, f. L.

General appearance of cell similar to that of A. flabellatus. Cell
ovate. Hyaline central area about half diameter of cel]. Sector lines of
central area straight or branched. Ten slender, hyaline rays, one much
thinner than others, straight or slightly curved. Segments ten, with areo-
lation closely resembling that of A. flabellatus, 16 in 10 . Identification
not entirely satisfactory, may be a form of A. flabellatus. Rare.

Length: long axis, 70 p; short axis, 40 p.

Fig.23 Valve. Length, long axis, 70 p; short axis, 40 p. X 750.

(10) Genus CORETHRON CASTRACANE

Cells living singly, cylindrical with rounded valves, which bear at
the margin a crown of long thin spines directed outward at an angle.
Numerous intercalary bands, scale-like and very indistinct.

1 Corethron criophilum CASTR.

1886, p. 85, PL 21, f. 12, 14, 15.

Cells living singly, cylindrical with round valves at the margin of
which is a crown of long thin spines directed outwards at an angle, those
of the two valves directed in the same direction. Not common.

Diameter, 18—48 .

Fig. 24  QGirdle view. Diameter, 18 u. X 750.

,, 24a Girdle view of another cell. Diameter, 48 p. > 750.
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(11) - Genus LAUDERIA CLEVE

Cells shortly cylindrical, united in straight chains by very fine slime
threads, the cells either touching or separated. Valve with an unpaired
apicule and numerous very small spinulae at the margin and over the
valve surface. Center of valve slightly depressed. Intercalary bands
numerous, collar-shaped, more or less conspicuous.

1 4Lauderia annulata CLEVE

1873a, p. 8, PL. 1, f. 7.
Cells cylindrical. Valves slightly convex, with a slight depression in
the middle. United into straight, thick chains with the elevated portions
of the valves usually touching. Valves with numerous small spines or
slime threads, some long, others short, the longer ones running between
cells uniting them into chains. Intercalary bands numerous, collar-shaped.
Surface of cell delicately punctated. Puncta more of less irregular, 13—14
in 10 n, sometimes in a two line system. This spetiés more robust than
L. borealis, especially the intercalary bands and spines or slime threads.
An inhabitant of warmer seas. Common. r
Diameter, 18—52 p; length along pervalval axis, 34279 .
Fig. 25 Four cells in a chain, girdle view. Diameter, 48 p. > 325.
» 25a Cell more highly magnified. X 750.
» 256 Chain of two cells. Diameter, 42 p. X 325.
» 25¢ Part of cell in girdle view enlarged to show puncta.
X 1500.

(12) Genus SCHRODERELLA PAVILLARD

Cells cylindrical, forming straight chains. Sometimes single. Valve
flat or slightly convex, but depressed in the center. Distinct spine in

center unites neighbouring cells. Margin surrounded by a row of small
spinulae, from each of which arise two gelatinous threads, which diverge

and join the corresponding thread, forming a characteristic zigzag.
Threads may sometimes appear straight. Intercalary bands numerous,
forming incomplete hoops. Punctation on bands minute.

1 Schriéderella delicatula (PERAG.) PAVILLARD.
1888, PERAGALLO, Lauderia delicatula PERAG. p. 81, PL. 6, f. 46.
1913, PAVILLARD, p. 126.
Cells cylindrical, longer than broad. Valves more or less convex,
occasionally almost flat, always, however, depressed in the center. Chains
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straight, more or less stiff. Intercalary bands collar-like, of varying
numbers. Margin of valve surrounded by a row of small spinulae, from
each of which two gelatinous threads arise, diverge, and join the corre-
sponding thread of the adjoining cell to form a characteristic zigzag. In
the center of each valve, in the depression, is a distinct spine which
joins the spine of the neighbouring cell. Delicate areolation, about
18—20 areoles in 10 p, arranged in a two line system with the lines
crossing each other. Fairly common.
Diameter, 18 x; length along pervalval axis, 40 p.
Fig. 26 Girdle view. Sculpturing of bands indicated. Diameter,
18 p. X 1500.
, 26a Spine running between adjacent cells. Optical view.
X 1500.

(13) Genus LEPTOCYLINDRUS CLEVE

Cells long and cylindrical, united into chains by whole valve surface.

Valves flat, unarmed. Intercalary bands very difficult to be seen, not
spiral. '

-

1 Leptocyliﬁdrus danicus CLEVE.

1889, p. 15, PL. 2, 1. 4, 5.

Cells long, cylindrical, three times longer than broad, united by whole
valve surface into long stiff chains. Valves flat or convex, occasionally
concave, without visible sculpturing. Intercalary bands not seen in water
mounts. Rare.

Diameter, 8 p.

Fig. 27 Two cells in a chain. Drawn from a water mount. Diameter,

8 1. X 750.

-(14) Genus GUINARDIA H. PERAGALLO

Cells cylindrical, longer than broad, living singly or united in chains
by whole flat valve surface. At the valve margin an asymmetrical lateral
tooth. Intercalary bands numerous, collar-like.

1 Guinardia flaccida (CASTR.) PERAGALLO.
1886, CASTRACANE, Rhizolenia (?) flaccida CASTR. p. 74 PL. 29, f. 4.
1892, PERAGALLO, p. 107, PL. 13, 1. 3, 4-
Cells typically cylindrical, 1% to several times longer than broad,
single or united in chains by whole valve surface. Valve almost flat or
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slightly concave with a slight wave on the margin and a scarcely visible
rudimentary point. Intercalary bands numerous, collar-like, their ends
lying spirally around the cell. Cell-wall weakly siliceous, falling together
when dried. No visible sculpturing on bands; very delicate, fine punct-
ation on valve,-in rows 21—23 in 10 . Fairly common. '

Diameter, 42—110 p.

Fig. 28 Girdle view. Diameter, 42 p. X 750.

» 28a Dried specimen with deflated appearance. Diameter, 87 p. -

X 325.

(15) Genus RHIZOSOLENIA (EHRENBERG) BRIGHTWELL

Cells cylindrical, straight, or more rarely curved, living singly or in
chains. Valve with an excentric apex or with an excentric fine hair-like
spine or process. Girdle zone with numerous intercalary bands of differ-
ent forms and arrangements in different species.

The following divisions of the genus are based on those of
GRrAN (1905): "

r

Section I Annulosolenia. Intercalary bands annular (collar-shaped).
Sub-section 1 Lauderioideae. Valves rounded, with spine or bristle.
2 Robustae. Valves cone-shaped, elongated, with spine.

Section II Eusolenia. Intercalary bands scale-like, in two or more rows. Valve
cone-shaped with excentric point or spine.

Sub-section 1 Squamosae. Intercalary bands in four or more rows. Warm
water forms.

2 Imbricatae. Intercalary bands in two lateral rows with the
middle line in the transapical plane. (Sutures dorsi-ventral in a
zigzag).

3 Neriticae. Intercalary bands in two dorsi-ventral rows, but the
middle line in the apical axis (Lines .of suture a zigzag).
Process solid.

4 Styliformes. Intercalary bands as in 3. Process with cavity at
the base.

5 Alatae. Intercalary bands as in 3 and 4. Valves without true
spine or terminal process, only drawn out cone-shaped and with
an impression of the meighbouring cell or a depression into
which its apex fits.
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Section I. — Annulosolenia

Sub-Section 1. — Lauderioideae
1 Rhizosolenia Stolterfothii H. PERAGALLO
1888, p. 82, PL. 6, f. 44.
Cell cylindrical. Small excentric spine fits into depression of adjoin-
ing cell, thus binding cells into curved, often spiral chains. Valves flat,
rounded at the ends. Intercalary bands ring-shaped or collar-like, numer-

ous, not always easily seen. No sculpturing on valves or bands visible.
Common.

Diameter, 18—44 y; length to 260 p.

Fig. 29 Two cells in a chain. Length, 260 p; diameter, 18 .
X 325.

., 29a Length, 196 p; diameter, 44 p. X 325.

2 Rhizosolenia cylindrus CLEVE.

1897, p. 24, PL. 2, f 12.

Cell cylindrical in shape with convex or conical valves. Cells united
in chains by comparatively large, curved process present on each valve.
Numerous ring-shaped intercalary bands. Cell-wall thin,-without percept-
ible fine sculpturing. Very rare, only two specimens observed.

Diameter, 24 p; length, 98 n.

Fig. 30 Length, 98 x; diameter, 24 p. X 750.

Sub-Section 2. — Robustae
3 Rhizosolenia robusta NORMAN

1861 in PRITCHARD, Infus.,.p. 866, PL 8, f 42.

Cell cylindrical in central region, with deeply convex or conical curved
valves. Intercalary bands robust, numerous, typically collar-shaped. Short
spine set in small, hollow, apical process of valve. Cell-wall thin. Punct-
ation fine, irregular near point, in regular lines on greater part of valve,
about 20 lines in 10 y; slightly finer on intercalary bands, but likewise
in regular lines. Not common. '

Diameter, 75—97 p.

Fig. 31 End of a typical cell. Diameter, 87 p. X 160.

, 3la End of valve showing base of spine. Punctation indicated.
X 1500. :

, 31b Spine. X 1500.

,» 3lc Punctation on valve. X 1500.
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Section II. — Eusolenia

Sub-Section 1. — Squamosae

4 Rhizosolenia Bergonii H. PERAGALLO
1892, p. 110, PL. 15, f 5. _
"~ Synonym: — R. amputata OSTENFELD, 1902, p. 227, f. 4.

Cell with cylindrical central region, elongated core-shaped valves.
Intercalary bands scale-like, in 4 or 5 rows, imbrication lines clear.
Apical process, short, straight, centrally located, traversed by canal in
center, cut off abruptly at end. Canal enlarged at base, bell-shaped at
apex. Walls of valve near apex thickened. Punctation coarse near apex,
puncta in lines converging toward base of valve, 18 puncta in 10 p;
near base of valve, 20—22 in 10 u. Walls of intercalary bands more
delicate, punctation finer, 24 in 10 p. Not common.

Diameter, 34—36 p.

Fig. 32 Diameter, 34 p X 750.

.,  32a Punctation on valve and intercalary band. X 1500.
., 32b End of valve and apical process. X 1500.

5 Rhizosolenia arafurensis CASTRACANE
1886, p. 74, Pl. 30, f. 12.

Cell cylindrical, valve conical with hollow, tubular process abruptly
truncated at apex. Intercalary bands in several rows, scale-like, rhombic
with wavy margins. Cell-wall thin. No sculpturing visible in specimens
observed. Rare.

Diameter, 65—94 p.

Fig. 33 Diameter, 94 p. X 325.

6 Rhizosolenia Clevei OSTENFELD
1902, f. 6.

Cells large, valves rounded convex. Intercalary bands numerous im-
bricated scales, 5 to 8 in circumference. Apical process similar to that
in R. styliformis, slightly curved, wings at base less prominent. No
sculpturing visible. Not common.

Diameter, 36—385 p; length, 275—404 p.

Fig. 34 Length, 275 u; diameter, 61 p. X 325.

,, 34a Diameter, 85 u. X 325.
,, 34b Apical process. X 1500.
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Sub-Section 2. — Imbricatae

7 Rhizosolenia imbricata BRIGHTWELL
1858, p. 95. PL 5, f. 6.

Cell cylindrical. Intercalary bands scale-like; numerous, ip two long
rows. Apical process short and straight, in lateral view abruptly di-
minished from a slightly enlarged base, in dorsal view wide wedge-
shaped, only gradually diminished with two small lateral wings at the
base. Cell-wall strong and clearly sculptured. Striations on intercalary
bands, coarse, running from center line fan-like to sides, 10—13 lines

with 18—20 puncta in 10 g, on girdle bands and valves finer, not fan-like.’
Common.

Diameter, 30—73 g.
Fig. 35 Diameter, 48 p. XX 750.

» 35a Punctation on intercalary band. X 1500.
,» 35b Diameter, 36 u. X 750.

» 35¢ Two cells united. Diameter, 30 x. XX 750.

var. Shrubsolei (CLEVE) SCHRODER

1881, CLEVE, p. 26.
1906, SCHR3DER, p. 346. ’
Cell long, narrow, cylindrical. Valves oblique. Intercalary bands scale-

like, striations formed of rows of minute puncta, 22 in 10 x. Bands in
two long rows. Differentiated from type by smaller diameter, more
elongated valve and finer sculpturing. Apical process likewise with very
small wings at base. Fairly common.

Diameter, 18—20 p.

Fig. 36 Diameter, 18 p. > 1500.

» 36a Same cell. X 750.

Sub-Section 3. — Neriticae
8 Rhizosolenia setigera BRIGHTWELL

1858, p. 95, P1. 5, f. 7.

Cell rod-like, cylindrical. Valves conical, slightly oblique. Apical
process cylindrical, thickened for some distance from base with a very
fine canal in the center, then suddenly diminished to end in a long, fine
spine. Intercalary bands scale-like, two long rows pointing toward apex.
No visible punctation. Common.

Diameter, 10—42 pu.

Fig. 37 Diameter, 16 p. X 750.

, 37a ” 12 p. XX 750.

Ann. Jard. Bot. Buitenz.,, Vol. XLIV 9



130

Sub-Section 4. — Styliformes

9 Rhizosolenia styliformis BRIGHTWELL

1858, PL. 5, f. 5a—d.
Cell cylindrical with two rows of dorso-ventral scale-like intercalary

bands. Valve sharply cone-shaped. Apical process short, hollow at base,
with two lateral wings. Cell-wall thin with clear sculpturing. Punctation:
rows of puncta 28—30 in 10 p near apex; 18—20 in 10 x on intercalary
bands. Not common. |
Diameter, 61—380 p.
Fig. 38 Diameter, 80 p. X 325.
, 38a Diameter, 66 n. XX 325.
,» 38b Apical process. X 1500.

var. longispina HUSTEDT

1914, in A. SCHMIDT, Atlas, Plate 316, f. 57, 12.

Differentiated from the type by longer apical process ending in a
long spine. Striation clear, 17—I18 puncta in 10 p on intercalary bands,
finer on valves. The alga Richelia intercellularis usually present in or
on the cells. Common. |

Diameter, 30—48 ..

Fig. 39 Diameter, 30 z. X 750.

,» 39a Punctation on intercalary band. X 1500.

,, 396 Diameter, 48 p. Note Richelia intercellularis. } 325.

”

var. latissima BRIGHTWELL

1858, PL. 5, f. Se.
Diameter greater than in type, 97—123 p. Intercalary bands flatter.

Cell-wall less heavily silicified. Punctation not clear in specimens ob-
served. Not common.

Fig. 40 Diameter, 123 . X 325.
,», 40a » 123 . XX 325.

10 Rhizosolenia calcar-avis M. SCHULTZE

1858, p. 339, PI. 13, f. 5—10.
Cell cylindrical, valves conical, curved -at the apex. No .wings on

curved apical process. Intercalary bands scale-like, rhombic. Cell-wall
thin. Punctation difficult to see, about 18—20 lines in 10 . Common.
Diameter, 20—45 p.
Fig. 41 Diameter, 36 p. X 750.
,, 4la Punctation on intercalary band. X 1500.
,, 41b Diameter, 30 p. X 325.
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11 Rhizosolenia hebetata (BAIL.) GRAN. emend.

1856, BAILEY.
1904, GRrAN, p. 524—527.

form semispina (HENSEN) GRAN.

1887, HENSEN, p. 84, PL. 5, f. 39.
1904, GRrAN.

Longitudinally drawn out valve with process thickened and hollow
at base and ending in a long curved hair-like spine. Intercalary bands

scale-like, in two long rows pointing toward apex. No perceptible sculpt-
uring. Common.

Diameter, 12—16 p.
Fig. 42 Diameter, 16 x. 3 750.
» 42a ’ 16 p. X 750.

Sub-Section 5. — Alatae
12 Rhizosolenia alata BRIGHTWELL

1858, p. 96, PL. 5, f. 8.
Cell rod-shaped, cylindrical. Valves shortly conical ending in tube-

like, more or less curved oblique process. Depression at base of tube into
which apex of adjoining cell fits. Intercalary bands scale-like, rhombic,
in two dorsi-ventral rows. No sculpturing visible in sl;ecimens observed.
Common. Three forms or varieties as recognized by Gran (1905) ob-
served:
(a) Form genuina GrAN, 1905, p. 56, f. 68c.
Apex almost parallel with long axis of cell, slightly bent.
Common.
Diameter, 18—24 p.
Fig. 43a, b Diameter, 20 u. X 750.
» 43¢, d Spores. Diameter, 24 u. X 325.
(b) Form gracillima (CLeve) GrRuNoOwW in V. H. Syn., PL. 79, 1. 8.

1881, CLEVE (as var.), p. 26, Pl. 6, f. 78.
Similar to the type, but narrower. Not common.

Diameter, 5—7 u.
Fig. 44 Diameter, 5. X 750.
(¢) Form indica (PERAGALLO) OSTENFELD

1892, PERAGALLO, p. 116, Pl 18, f. 16.
1901, OSTENFELD and SCHMIDT, p. 160.
Cell much larger and broader than the type. Process of valve curved,

thin. Diameter 34—73 ». Regarded as a distinct species by PAVILLARD
(1925) and others. Common.

Fig. 45 Diameter, 36 x X 750.

»» 45a Diameter, 46 x. X 750.
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(16) Genus BACTERIASTRUM SHADBOLT

Cells cylindrical. Valves with several regularly-arranged marginal
bristles, by the fusion of which the cells are united into chains. The
bristles of two.neighbouring cells are fused for a longer or shorter distance
outside the base, then separate further out. End bristles different from
the others, often curved, not fusing with other bristles and consequently
in valve view not bifurcating.

The following division of the genus is based on the different types
of terminal setae or valves:

Section 1 Isomorpha. Setae of both terminal valves of a chain the same, all
directed toward or all away from the chain axis.

Section Il Sagittata. Chains with asymmetrical terminal valves which dif-
ferentiate the ends of the chain into posterior and anterior ends.

Section I. — Isomorpha
1 Bacteriastrum delicatulum CLEVE

1897, p. 298, f. 15.
Cells longer than thick. Setae about 7 to 10, perpendicular to chain

axis; basal part long. Apertures large. Terminal setae bént over chain.
Common. ‘

Diameter, 6—16 p.

Fig. 46  Part of a chain with terminal cell. Diameter, 12 p. X 750.
» 46a Part of a chain. Diameter, 6 . X 750.

» 460 Valve view of terminal cell. Diameter, 10 x. 3 750.

» 46¢c Valve view of inner cell. Diameter, 7 p. X 750.

2 Bacteriastrum hyalinum LAUDER

1864, p. 6, PL 3, f. 7.
Cell usually flat, wider than long. Setae numerous, 24 to 33; basal
part very short; bifurcations parallel to chain axis giving cells a hairy

appearance. Terminal setae bent over chain axis and in toward it. Fairly
common.

Diameter, 24—36 .
Fig. 47 Part of a chain with terminal cell. Diameter, 36 x. X 325.
» 47a Part of the center of a chain. Diameter, 24 u. % .750.
» 47b Valve view of terminal cell. 24 setae. Diameter, 36 p.
X 325.

» 47c Valve view of an inner cell. 33 setae. Diameter, 24 p.
X 750.
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3 -Bacteriasirum varians LAUDER

1864, p. 8, PL 3, f. 1-6.
Cell of nearly equal width and length. Setae, 10 to 26, at right
angles to chain axis; basal part usually shorter than in B. delicatum.
Apertures small. Terminal setae with fine little spines arranged in spiral
rows. Common.
Diameter, 30—36 p.
Fig. 48, 48a Parts of two chains. Diameter, 48, 30 x; 48a, 32 p.
X 325.

, 48b Two terminal setae. )X 750.

, 48c Valve view of an inner cell. Diameter, 34 e X 325.

., 48d, e Valve views of two terminal cells. Diameters, 30 p.
X 325. -

var. hispida (CASTR.) SCHRODER .
1886, CASTRACANE, p. 83, Pl. 29, f. 6. B. Wallichii PALFS, var. hispida
1906, SCHRODER, p. 347, f. 11.

Terminal setae, usually 8, with large spirally arranged spines on
basal part, smaller spines beyond bend toward end. Entire frustule or
chain not observed. Not common.

Diameter, 18—20 p.

Fig. 49 End valve of a chain showing terminal setae. Diameter,
18 u. X 750.

,» 49a A single seta. ) 750.

Section II. — Sagittata

4 Bacteriastrum comosum PAVILLARD
1916, p. 29, PL. 1, £. 3.

Cells much longer than broad. Apertures more or less large. Inner
setae with short basal part perpendicular to chain axis; at bifurcation
bent toward posterior end of chain and almost parallel with axis. Anterior
terminal setae curved and directed toward posterior, with small spirally
arranged spines. Posterior terminal setae thicker than the others; with
spirally arranged spines; bent away from chains or in same direction as
all other setae; usually converge slightly near ends. Setae 6 to 8. End
valves of both posterior and anterior cells of the chain with a deep furrow.
Fairly common.

Diameter, 7—10 p.
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Fig. 50 Part of a chain with posterior - terminat cell.  Diameter,
8 n. X 750.

» 90a Part of a chain with anterior terminal valve. Diameter,
7 u. X 750.

» 906 Valve view with terminal setae shown by solid lines, inner
setae by dotted lines. Diameter, 10 n. X 750.

(17) Genus CHAETOCERAS EHRENBERG

Cells with oval section, sometimes nearly, rarely completely, circular;
in girdle view quadrangular with straight sides and concave, flat, or
weakly convex ends. Valve with a more or less flat end surface and a
cylindrical part or valve mantle, which are bound together without a
seam. A long thick or thin seta (also called bristle or awn) at each end
of the long axis of the valve on the corners. The opposite setae of neigh-
bouring cells touch one another near thejr origin, usually directly or some-
times by a bridge, firmly fused. By this fusion the cells are united into
chains, usually with large or small apertures or foramina between the
cells. Special terminal setae in some species, often shorfer and thicker
and more nearly parallel with the chain axis than the others. Cell-wall
formed of two valves and one or two girdle bands. Intercalary bands
present in some species, usually difficult to see without special prepar-
ations.

The following divisions of the genus are represented:

Sub-genus I Phaeoceras. With numerous chromatophores which penetrate into
the setae.

Section 1 Borealia. Bristles usually diverging in all directions, the direction
on one valve often differing from that on the other. Usually no
spine in the center of the valve.

Sub-genus II Hyalochaete. Setae thin, without chromatophores in them.

Section 1 Dicladia. Setae not always coalesced for a portion of their length.

Section 2 Cylindrica. Valve nearly circular; apertures very narrow. Terminal
setae not thicker than the others.

Section 3 Compressa. Cells compressed. Intercalary bristles thickened and
twisted, sometimes occurring in between the normal bristles.

Section 4 Protuberantia. With a protuberance in the middle of the valve
surface. ) '

Section 5 Constricta. Cells more or less constricted. Girdle at least one-third

of the length of the cell, terminal setae mostly thicker than the
others.

Section 6 Stenocincta. Girdle narrow, not one-third of the length of the cell,
Aperture rather narrow. Terminal setae thicker than the others
curved, and for the most part diverging greatly.

?
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Section 7 Laciniosa. Girdle rather long. Aperture large, terminal setae mostly
thicker than the others, not greatly diverging..

Section 8 Diversa. Short, rigid chains, end setae less spread out than a
special pair of setae in the middle of the ‘chain.

Section 9 Curviseta. Setae curved, all bent in one direction. Chains usually
curved, without special end cells.

Sub-genus I. — Phaeoceras
Section 1. — Borealia

1 Chaetoceras Eibenii GRUNOW

1881, V. H. Syn,, PL 82, f. 9, 10.
. Straight chains. Apertures wide, six-sided, elliptical. Tiny spine in
center of valve, not always visible in girdle view. Intercalary bands,
collar-like, not present in all specimens observed. Setae striated, 23 rows
in 10 g, arising from inner .valve surface, with short basal region. Rare.
36 p broad.
Fig. 51 Part of a chain in broad girdle view. Intercalary bands
not visible. Breadth, 36 x. X 750.
, Sla Part of a chain in broad girdle view, showing intercalary
bands. Breadth, 36 x. X 750. g

2 Chaetoceras coarctatum LAUDER.

1864, p. 79, PL 8, f. 8.
Chain straight, two ends different. Apertures very small. Posterior

terminal setae large, strongly curved, heavily spined; anterior terminal
setae less robust, curved toward posterior end, spined less heavily; setae
in center of chain curved as anterior terminal setae, .smaller spines,
frequently with a species of Vorticella attached. Common.

26—44 4 broad.

Fig. 52 Anterior end of a chain. Breadth, 44 x. X 325.

» 92a Posterior end of a chain. Breadth, 26 x. X 325.

» 92b Part of a chain in broad girdle view. Breadth, 32 p.

X 750. | |
» 92¢, d Parts of a center seta. X 1500.
» 02, f Parts of a posterior seta. X 1500.

3 Chaetoceras denticulatum LAUDER.

| 1864, p. 79, PL. 8, f. 9.
Chains straight, cells cylindrical.. Apertureg small, vertically rhombic.
Base of setae longer than in C. nanodenticulatam, directed almost vertic-
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ally, in C. nanodenticulatum diagonally. Usually a small process or tooth
on inner side of setae, possibly for articulation with adjoining cell. Setae
spinous and striated. Small spine in center of valve. Not common.
Breadth of cell, 24—30 p.
Fig. 53  Part of a chain. Breadth, 28 r. X 750.
» 93a Single cell. Breadth, 30 p. X 750.
» 93b Part of a seta from cell shown in 53a. X 750.
» 93¢, d. Parts of a seta showing striae. X 1500.

4 Chaetoceras nanodenticulatum OKAMURA

1907, p. 11, text fig. a—c.

Chain of few cells, straight, not twisted. Apical axis longer than
chain axis of cell. Aperture elliptic-lanceolate. Setae arise within the
corners, short base directed diagonally outward, straight in remaining
part, striated. Resembles C. boreale BaiL. except for presence of teeth
on posterior setae of each cell. Distinguished from C. denticuldtum
LAUDER by form and size of cell and aperture, direction and length of
setae bases. Rare. Resembles the figures of Chaetoceros denticulatus

LAUDER forma lata given in A. SCHMIDT, Atlas, Pl. 324, figures 6, 6a, 7.
48—65 broad.

Fig. 54 Part of a chain. Breadth, 65 . X 750.

5 Chaetoceras rostratum LAUDER

1864, p."79, PI. 8, f. 10.

Resembles C. denticulatum, but usually smaller. No processes or
teeth on setae. Prominent, tubular, conical, central process on valves.
Setae with small spines, striated. Not common. |

10—20 . broad.

Fig. 55 Single cell. Breadth, 12 p. X 750.

» 93a Part of a cell. Breadth, 10 p. X 1500.
» 93b Part of a seta. X 1500.

6 Chaetoceras peruvianum BRIGHTWELL

1856, p. 107, PL 7, f. 16-18.

Synonyms: Chaetfoceras peruvianum var. currens PERAGALLO. Diat.
Mar. de France, Pl 125, f. 2, 3 (1904).

Chaetoceras convexicornis MANaIN, Bull. Mus. Hist: Nat.
(1919), p. 3.

Chaetoceras peruvianum var. currens ForTi, R. Comit.
Talasiogr. Ital., Mem. 97, p. 149, PI. 11, f. 181 (1922).

Usually single cells. Valves unlike, upper rounded, lower flat. Setae
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of upper valve spring from near center, after short basal part turn sharply
and run backward in more or less wide, outwardly convex curves, at the
end more or less divergent to convergent. Setae of lower valve spring
from near margin, slightly convex toward the outside, more nearly
parallel to pervglval axis than those of upper valve. At end more or less
divergent or even-convergent. All setae very strong, 3—56 & thick; four-

cornered with strong spines on the cormers; striated, 20—22 lines in
10 . Not common.

Breadth, 12—20 p.
Fig. 56 Single cell. Breadth, 12 x. X 160.

,» 56a Single cell with basal part of setae. Breadth, 12 u. X 750
,, 56b Part of an:anterior seta. > 1500.

, 5bc Part of a posterior seta. X 1500.

form robusta (CLEVE) HUSTEDT

1873a, GLEVE, p. 9, PL. 2, {. 8.
1920, HUSTEDT, in A. SCHWIDT, Atlas, Pl 325, {. 4.

Larger, heavier than. typé. Especially heavier setae, 6—38 p thick.
Breadth, 22—34 p. Common.

Fig. 57 Single cell with part of setae. Breadth, 30 . X 160.
» D7a Single cell. Breadth, 34 u. X 750.

- Sub-genus II. — Hyalochaete
Section 1. — Dicladia
7 Chaetoceras Lorenzianum GRUNOW
1863, p. 157, PL. 5, £. 13. .

Chains straight, stiff. Apertures of varying size, 4 to 6 sided, seldom
elliptical. Setae from corners of apical axis with definite but often short
basal part, run somewhat diagonally outwards. Terminal setae shorter
than others, often thicker, diverging rapidly from base at first, then more

slowly until often nearly parallel with chain axis. Setae strongly
punctated. Very common.

Breadth variable, 18—60 .
Fig. 58 Part of a chain. Breadth, 36 p. XX 325.

,, B8a-c Parts of three broad chains. Breadth, g, 53 x; b—c, 60 .
X 325.

»» 958d Part of a center seta. > 1500.

» O8e Part of a terminal seta. > 1500.
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Section 2. — Cylindrica
8 Chaetoceras Lauderii RALFS
1864, in LAUDER, p. 77, PL 8, {. 3, 4.

Synonym: Chaetoceras Weissflogii SCHUTT.
1895, p. 4, f 17.

Chains somewhat twisted. Apertures narrow, elliptical. Small spine
in center of terminal valve. Intercalary bands, numerous, not visible in
water mounts. Resting spore with strongly curved primary valve. Many
spines on dome-shaped upper part, margin with circle of parallel needles,
directed upward. Lower valve not observed in this material. Rare.

-Breadth of cell, 19—30 p.

Fig. 59 Part of a chain. Breadth, 26 x. X 325

,» 59a Cell showing intercalary bands. Breadth, 19 x. X 750.
,, 59b Part of a chain. Breadth, 20 x. 3 325.

», 99c Part of a terminal seta. > 1500.

» 59d Primary valve of a resting spore. Breadth 22 p. X 1500.

Section 3. — Compressa
9 Chaetoceras compressum LAUDER p

1864, p. 78, PL. 8, f 6. :

Chains often slightly twisted. Apertures more or less wide, sometimes
cnly a slit, usually four- or six-sided, elliptical, slightly narrower in
middle. Setae arise from inside margin, basal part always distinct. Species
characterized by having some setae in chain greatly thickened and bent

to run almost parallel to chain axis. Most of setae thin and not parallel.
Fairly common.

Breadth, 12—24 p.

Fig. 60 Part of a chain showing thickened setae. Breadth, 24 p.
X 750.

,, 60a Part of a thickened seta. 3 1500.

Section 4. — Protuberantia
10 Chaetoceras didymum EHRENBERG
1845, p. 76; 1854, P. 354, f. XVII; 5, and XVII], 4.
Chains straight. Semicircular knob or protuberarice in middle -of

valve. Setae arise from corners of célls, cross at base or slightly further
out. Not common.

20—32 p broad.
Fig. 61 Part of a chain. Breadth, 20 x. > 750.
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var: protaberans (LAUDER) GRAN and YENDO

1864, LAUDER, PL 8,-f: 11.
1914, GRAN and YENDO, p. 12, f. 5.

Similar to type. Terminal setae as a rule thicker than the others and
more strongly divergent than in the type; convex toward outside,

U-shaped. Setae usually crossed further out from.chain than in type. Not
common.

Breadth, 24—28 p.

Fig. 62 Part of a chain, with terminal cell. Breadth, 24 p. X 750.
,, 62a Part of a terminal seta. X 1500.

var. anglica (GRUN.) ' GRAN

1881, GRUNOW, in V. H. Syn,, PL 82, f. 3, Chaetoceras furcellatus var.
anglica.

1905, GRAN, p. 79-80, f. 95.

Crossing point of setae usually far outside chain. Apertures wide.
Not common.

Breadth, 8—18 .
Fig. 63 Part of a chain. Breadth, 9 p. X 750.

Section 5. — Constricta
11 Chaetoceras constrictum GRAN

1897, p. 17, PL. 1, f. 11-13, PL. 3, f. 42. '

Chains straight. Deep constriction between valves and girdle band.
Apertures lanceolate, slightly narrowing in center. Setae with no basal
part. Terminal. setae diverge at acute angle. Not common.

Breadth, 24—26 .

Fig. 64. Part of a chain. Breadth, 24 . X 750.

12 Chaetoceras Van Heurckii GRAN

) 1897, p. 18.

Positive identification of the present species difficult due to absence
of resting spores. General appearance of chain and direction of setae in
accord with published figures (see SCHMIDT, Atlas, Pl 344, 1. 1, 2, 8).
Chain straight, apertures lanceolate to narrow-elliptic, slightly constricted
in center. Girdle about one-third of cell, with constricted sutures. Setae
usually all more or less curved toward -one end of chain. Terniinal setae

slightly thickened and spinous, but less so than figured in specimens
from other localities. Common.
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Breadth, 24—28 .. .

Fig. 65 Part of a chain. Breadth, 48 n. X 325.

» 65a, b Portions of two chains drawn:from water mounts.
a, breadth, 24 p. > 750.
b, breadth, 25 u. X 325.

» 65c Part of a chain. Breadth, 32 p." X 750.

» 65d Part of a terminal seta. ) 1500.

Section 6. — Stenocincta
13 Chaetoceras affine LAUDER
1864, p. 68, PL. 8, f. 5.

(1) Synonym: Chaetoceras javanicum CL.
1873a, p. 10, PL. 2, f. 13.

Chain straight. Apertures narrow, lancet-shaped, usually slightly con-
stricted in center. Terminal setae strongly divergent, slightly thickened,
with small spines arranged spirally. Small protuberance or spine present
in center of terminal frustule. Common. ‘

Breadth, 22 p. - o -

Fig. 66 Part of a chain. Breadth, 22 u. Y 325.

» 66a, b Parts of a terminal seta. Y 1500.

(2) Synonym: Chaetoceras Schiittii CL.

1894, p. 14, PL 1, f. 1. (See also MEUNIER. 1910, Pl. 26, f. 32-35).

Chain straight. Apertures lancet-shaped to elliptical, occasionally
slightly constricted in center. Terminal setae thickened slightly, strongly
divergent, at almost right angles to chain axis, then further out bent to
run almost parallel to axis or even away from it. Small spine in center
of terminal valve. Not common.

Breadth, 6—9 p.

Fig. 66¢c, d Parts of two chains. Breadth, 66c, 18 p; 66d, 6 p.

X 750.

14 Chaetoceras paradoxum CLEVE
1873a, p. 10, PL 3, f. 16.

Chains usually twisted. Cell wall thickened. Deeply constricted girdle-
bands. Apertures large; oval. Tiny spine in center of terminal valve.
Setae with flat elevations or spines. Common.

Cell 13—28 x broad.
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Fig. 67 Part of a chain with terminal cell. Breadth, 28 u. XX 750.
,, 67a Part of a chain in’ narrow girdle view. Breadth, 13 p.
X 750.
,, 67b, e. Parts of two chains. 67b, breadth, 24 p. XX 325. 67e,
breadth, 14 p. X 750.
,, 67c, d Parts of a seta, 67c nearer end than 67d. X 1500

Section 7. — Laciniosa
15 Chaetoceras distans CLEVE.

1894, p. 14, PL. 2, £. 2.

Very similar to C. laciniosum ScHUTT. Differentiated by suture lines
of girdle bands, convex towards apertures in present species, parallel
in C. laciniosum. Not common.

Breadth of cell, 16—24 .

Fig. 68 Part of a chain with terminal cell. Breadth, 24 p. X 750.

, 68a Part of a chain. Breadth, 16 x. ) 750.
,, 68b Part of a terminal seta. X 1500.

16 Chaetoceras laciniosum ‘SCHUTT .

1895, p. 38, f. 5.

Chains straight, not twisted. Apertures large, broad, oblong, with
rounded corners. Slightly constricted in middle. Setae thin, basal part
parallel with chain, outer part bent toward one end of chain. Terminal
setae less thickened in specimens observed than characteristic. More or
less parallel with chain axis. Not common.

Breadth, 12 .

Closely resembles C. pelagium CLEVE (GRAN, 1905, p. 83—4, f. 101).
Included in present species by GRAN, 1915. HUSTEDT, 1930, retains it as
separate species.

Fig. 69 Part of a chain. Breadth, 12 p. X 750.

17 Chaetoceras breve SCHOTT

1895, p. 38, f. 4.

Closely resembles C. laciniosum. Differentiated by setae almost
straight, not so far from apical plane. Aperture wide, 4 or 6 sided, el-
liptical, more or less narrowed in center. Crossing point of setae some-
what outside the chain. Not common.

Breadth, 24 p.

Fig. 70 Part of a chain. Breadth, 24 x. 3 750.
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~ Section 8. — Diversa
18 Chaetoceras diversum CLEVE
1873q, p. 9, PL 2, f. 12.

Chains straight, usually short. Apertures small, sometimes absent.
Setae various, some hair-like, others longer, thickened, with fine spines.
Outer half of thickened setae enlarged, then small again at tip. Terminal
setae always thin, hair-like. Common.

Breadth, 7—12 p.

Fig. 71  Part of a chain. Breadth, 12 p. % 325.

» 1la Part of a chain. Breadth, 10 n. XX 1500.
» 116 Part of a thickened seta. X 1500.

19 Chaetoceras laeve LEUDIGER-FORTMOREL
1892, p. 38, PL 6, f. 2. '

Closely resembles C. diversum expect in direction of setae; all setae,
thick and thin ones, having characteristic curvature. At first nearly
parallel and then abruptly turn off at right angle and converge slightly
toward chain axis. Thick setae approximately same size throughout
length. Structure of setae same in both species. Not common.

Breadth, 8—12 p. '

Fig. 72 A chain of three cells. Breadth, 12 . % 325.

» 12a Part of a chain. Breadth, 10 x. X 1500.
» 12b Part of a heavier, center seta. )X 1500.

Section 9. — Curviseta

20 Chaeloceras pseudocurvisetum MANGIN

1910, p. 350, figs. 3 I, 4 IL.

Chains spirally twisted. Cells characterized by four protuberances on
cach valve, in contact with corresponding protuberances on adjoining
valve. Two pairs of apertures, one ‘pair large, elliptic-lanceolate in broad
girdle view, other pair smaller, almost spherical. Setae with spiral rows
of tiny bristles, all turned toward convex side of chain. Intercalary bands
present in some specimens. Common.

Breadth, 18—22 ..

Fig. 73  Part of a chain in broad girdle view. Breadth, 18 . X.750.

» 13a, b Parts of two chains in -narrow girdle view; a -more
turned than 6. Breadth, a, 16 »; b, 20 p. X 750.

» 13c View showing protuberances.. Breadth, 20 x. X 1500.
» 13d Part of a seta. X 1500.
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(18) ‘Genus EUCAMPIA EHRENBERG

Valves elliptical in surface view with two blunt processes but no
bristles or setae. Numerous intercalary bands, difficult to see. Chains
spirally curved. Large apertures between the cells.

1 Eucampia zoodiacus EHR.

18385, p. 71, PL 4, f. 8.

Cells flattened, elliptical-linear in valve view, united in chains by two
blunt processes. Without bristles. Intercalary bands numerous, difficult
to see in water mounts. Chains spirally curved, with relatively . large
elliptical to nearly spherical apertures. Apertures decidedly variable in
size and shape. Valves distinctly sculptured, with puncta in more or less
regular radial rows running from center outward toward - processes.
16—20 puncta in 10 p. Sculpturing on intercalary bands visible only

under high magnification; rows (21 —25 in 10 p) of minute puncta.
Common. '

Breadth of chain, 36—46 p.
Fig. 74 Part of a chain. Breadth 46 p >< 750.
, T4a Sculpturing. X 1500.

2 Eucampia cornuta (CLEVE) GRUNOW

1873a, Cleve, p. 7, PL. 1, f. 6. Mélleria cornufa.
1881, VAN HEURCK, Synopsis, Pl. 95 bis, f. 5.

Similar to Eucampia zoodiacus in character of chain and general
appearance. Differentiated by much more prominent intercalary bands,
and longer, thinner processes so that the apertures are wider. Sculpturing
on valves similar, but not identical, in more definite rows .from center to
ends of processes; about 13 to 16 puncta in 10 x. Surface of intercalary
bands similarly punctated; very fine puncta in rows. Rows 22—26 in 10
running in direction of pervalval axis. Less common than E. zoodiacus.

Breadth of cell (length of apical axis), 54—61 p.

Fig. 75 Girdle view of a cell. Breadth, 61 x. X 750.

» 15a Sculpturing. X 1500.

(19) Genus CLIMACODIUM GRunow

Chains straight with squarish oblong gaps left by the hammer-like
ends of the cells, or oval gaps. Cell-wall very weakly siliceous.
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1 Climacodium Frauenfeldianum GRUNOW
1868, p. 102, Pl la, f. 24.

Chains straight with very large more or less square to oblong aper-
tures between cells. Cells flat, with more or less hammer-shaped ends.
Intercalary bands absent. Cell-wall very weakly siliceous. Not common.

Breadth of chain (length of apical axis) 169—171 p; pervalval axis

14—21 p long. :
Fig. 76 Part of a chain. Breadth, 171 p. X 325.

(20) Genus STREPTOTHECA SHRUBSOLE

Cells extremely flat, sometimes three cornered, with square outline,
united by valve faces, leaving very little, if any, aperture. Cell-wall very

‘weakly siliceous. Chains strongly twisted. Valves narrowly elliptical with
a rudimentary central knob.

1 Streptotheca indica KARSTEN
1907, p. 395, Pl. 46, f. 8, a.b.

In girdle view cell square or rectangular, valve surface flat with slight
depression in center. No chains observed in this mate'rial.'In valve view
flat but less thin than usually figured for S. thamensis. Length along
apical axis 10—12 times as great as along transapical axis. Cell usually
greatly twisted, often to be or appear to be three parted. Cell-wall very
weakly siliceous. Not common.

- Length along apical axis, 196 p; transapical axis, 18 p; pervalval
axis, 95 p.
Fig. 77 Girdle view of a cell. Length of apical axis, 196 p. X< 160.
,, 77a Three cornered cell, girdle view. X 160.
,, 17b Valve view of cell shown in 77. X 160.
,, 17c Valve view of cell shown in 77a. X 160.

(21) Genus BELLEROCHEA VAN HEURCK

Cells in flat chains touching by their valve centers and projecting
corners. Cell-wall very weakly siliceous. Valve three cornered as a rule,
with bipolar and four-cornered varieties. Valve margin with a delicate
circle of short bristles. Intercalary bands present but very difficult to see.

1 Bellerochea malleus (BRIGHTWELL) VAN HEURCK

1858, BRIGHTWELL, p. 154, Pl. 8, f. 6, 1. Triceratium malleus.
1885, VAN HEURCK, Syn. p. 203.
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form biangulata HUSTEDT (= var. biangulata PERAG.)

1908, PERAGALLO, p. 394.
1930, HUSTEDT, p. 782, f. 456 d.

Cells more or less rectangular, in flat, somewhat curved, chains touch-
ing by their valve centers and projecting corners. Apertures small, largest
just inside valve margin. Cells pseudozygomorphic, valve surface bipolar,
elliptical-lanceolate, the chain therefore not prism-shaped as in the type,
but band-like. Circle of short-bristles on valve margin not observed.
Cell-wall very weakly siliceous. Not common.

Breadth of chain (length of apical axis), 74 p.

Fig. 78 Part of a chain in broad girdle view. Breadth, 74 n. X 750.

» 18a Part of a chain in narrow girdle view. X 750.
» 186 Valve view. XX 750.

(22) Genus DITYLUM L. BAILEY

Valve three- to four-cornered, seldom bipolar, with a strong centra:
siliceous straight hollow spine and a marginal ridge strengthened by
ribs. Cells elongated, prism-shaped to cylindrical. Iniercalary bands more
or less numerous. Valve surface more or less waved, with usually poorly
developed humps on the corners, in the central part a usually three-
cornered elevated region the margin of which often has a circlé of short
pervalval directed spines. Outer valve margin more or less strongly
~ waved, giving the appearance of lines running from valve to valve.
Cell-wall weakly siliceous,- the valve membrane delicately areolated-
punctated. Solitary or united into chains by the spines.

1 Ditylum sol GRUNOW
1881, in VAN HEURCK, Syn. PL 115, £. 1, 2.

Valve three-cornered, with a strong central siliceous straight hollow
spine. Definite circle of small spines on valve absent, although the base
for the spines is present. Valve margin waved, giving the appearance of
numerous longitudinal parallel lines in girdle view. Fine punctation on
valves, in rows, 19—20 puncta in 10 . Intercalary bands not observed.
Fairly common.

Diameter, 36—158 p.

Fig. 7¢ Valve view. Length along side, 158 x. 3 750.

» 19a Cell in girdle view. Breadth, 85 x. X 325.
» 796 Cell in girdle view. Breadth, 36 p. X 325.
» T9c Part of valve mantle indicating structure. X 1500.
Ann. Jard. Bot. Buitenz., Vol. XLIV 10
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(23) Genus BIDDULPHIA Gray

Cells single or in chains with more or less strongly siliceous cell-wall,
not twisted. Valves elliptical or three- or four-sided (rarely five-sided).
More or less.distinct processes may be present at the corners or at the
ends of the apical axis. Very fine slime-pores usually present on the end
surfaces of the processes or on the corners of the valves. Plankton forms
usually held together in chains by long spines. Girdle zone sharply differ-
entiated from the valve zone, cylindrical or prism-shaped, with numerous
cross striae, but usually without intercalary bands.

1 Biddulphia mobiliensis (BAIL.) GRUNOW
1851, BAILEY, p. 40, PL 2, f. 34, 35.
1885, GRUNOW, in V.H, Syn., PL 101, f. 4—6; PL 103, f. A. _
Cells single or united in short chains by the long spines. Relatively
thin-walled, without a sharp constriction between valve and girdle zone.
Valves -elliptical. Valve processes slender, directed diagonally outwards.
Two large, straiglit spines placed far apart, but about equally far from
the processes, directed obliquely outwards. Occasionally .a few scattered
small spines on valve between processes. Valve surface between the pro-
cesses almost flat to slightly concave. Cell-wall with fine areolation,
14—16 areoles in 10 x on valve; 17—19 in 10z on girdle bands. Not
common.
Length of apical axis, 36—50 p.
Fig. 80 Two cells in a chain. Breadth, 36 x. XX 750.
» 80a Single cell in girdle view. Breadth, 50 . > 750.
» 80b Process and part of valve mantle showing sculpturing.
X 1500.
» 80c Sculpturing of girdle band. X 1500.

2 Biddulphia sinensis GREVILLE

1866, p. 81, PL’9, f. 16.

Cells flat cylindrical, elliptical-lanceolate in valve view, with elongated
pervalval axis. No constriction between valve and girdle band. Thin but
well-developed process from each pole of apical axis, directed nearly
parallel to pervalval axis or faintly incurved. Strong spines project from
small elevations near the processes, directed nearly parallel to processes,
slightly curved inward at ends, thinner near ends. Central part of valve
flat or a little concave. Cell-wall weakly siliceous. Delicately areolated,
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on valve about 14—16 areoles in 10 p; on girdle band somewhat finer,
17—18 in 10 p. Common.

Length of apical axis, 54—245 p.

Fig. 81 Cell in girdle view. Breadth, 85 u. > 325.

,» 8la Another cell in girdle view. Breadth, 136 x. XX 325.

,» 81b Sculpturing of valve mantle. X 1500.

,» 8lc Sculpturing of girdle band. X 1500.

» 81d Process and part of valve mantle indicating sculpturing.

X 1500.

3 Biddulphia heteroceros GRUNOW

In ScHMIDT, Atlas, PL. 141, f. 6.
VAN- HEURCK, Synopsis, Pl. 102, f. 5.

Valves rounded-rhombic in valve view. Without a sharp constriction
between valve and girdle zone. Process from each pole of apical axis
well-developed, directed slightly away ‘from pervalval axis. Strong spines
project from valve surfaces a short distance from the processes, nearly
parallel to processes at first, then slightly incurved. Valve between spines
only slightly higher than between spines and processes, pearly flat, with
tiny humps or prominences from which prominent more or less delicate
spines project. Numerous fine spines' distributed over whole valve sur-
faces. A hyaline collar supported by heavy ribs present on lower margin
of valve mantle, next to girdle band. Areolation of practically equal size
on valve and girdle, 15—16 areoles in 10 x. Not common.

Length of apical axis, 30—54 .

Processes figured in SCHMIDT as somewhat shorter and stouter than
in the present specimens.

Fig. 82 Cell in broad girdle view. Breadth, 50 p. > 750.

» 82a Part of cell showing sculpturing on valve mantle and girdle
band. X 1500.

» 82b Part of a cell tipped to show shape of valve in valve view.
Breadth, 48 x. X 750.

» 82c Part of another cell showing spines on mantle and project-
ing from surface of valve. 3 750.

4 Biddulphia reticulum (EHR.) BOYER

1844, EHRENBERQ, p. 88, Tricerafium reficulum.
1900, BOYER, p. 724.

Synonym: Triceratium punctafum BRIGHTW.
1856, p. 275, PL. 9, £. 18; in ScHMIDT, Atlas, PL. 76, f. 19—20.
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Valves triangular with either straight or slightly convex sides. Per-
valval axis more or less elongated. Angles of valves rounded, sometimes
slightly produced. Valve surface slightly elevated or almost flat in the
center, then depressed into a small furrow at each side so that the rounded
corners appeai as processes in girdle view. Top of rounded corners and
valve center at nearly the same level. Cell-wall areolated; areoles more
or less irregular in size and far apart; in center part of valve without
any particular order, near margin in more or less radial, pervalval rows
about 5—7 in 10 p. Valve corners finer areolated, 13—15 areoles in 10 p.
Girdle band with 10—12 areoles in 10 g, in more or less regular rows.
Not common.

Length of apical axis, 22—42 ..

Fig. 83 Single cell in girdle view. Breadth (apical axis) 38 y;

length (transapical axis) 32 x. X 1500.
» 83a Cell in process of division. Breadth, 22 x. X 1500.
» 83b Flatter cell. Breadth, 42 u; length, 24 . X 750.
» 83c Valve view. Length along side, 30 . X 1500.

5 Biddulphia dubia (BrIGHTW.) CLEVE .

1859, BRIGHTWELL, p. 180, Pl. 9, f. 12, Triceratium dubium.

1883, CLEVE, p. 508.

Synonym: Triceratium (or Biddulphia) bicorne CLEVE, 1878, p. 17,
PL 5, f. 30.

In ScHMIDT, Atlas, T. bicorne, Pl. 18, f. 24—25.

Valves rhombic-lanceolate. Side view with two angles having a stout
horn-like prolongation and with two having a shorter, blunter process.
Sculpture of valves large and somewhat irregular hexagonal chambers,
5—38 in 10 . Striated margins prominent in valve view. Minute punctae
on valve surface. Girdle band areolated, about 12 areoles in 10 x near
valve margin, 13—14 in center, arranged in rows, 8 in 10 p. Rare.

Length of apical axis, 28—30 p.

Distance between produced angles, 48—50 p.

Fig. 84 Girdle view. Length of apical axis, 30 x. X 1500.

» 84a Valve view. X 1500.
» 84b Diagram of whole cell. X 750.

6 Biddulphia species
A. ScHMIDT, Atlas, PL. 93, f. 6, 7,

Valve triangular, with slightly convex sides. Surfaces divided into
large hexagonal cells, in rows not parallel to the sides, 3—314 in 10
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in center, 5 in 10 p rear margin, 7 in 10 on margin. Inner s_urface of
valve finely punctuated; the puncta, about 18—19 in 10 p, radiating in
undulating lines from the -center. Girdle view narrow rectangular. Sur-

face slightly convex to almost flat. Angles produced into very short pro-
cesses. Not common.

Identification uncertain. The specimen shown in SCHMIDT, Atlas,
Pl. 93, f. 6, 7, seems to correspond to the present species. A note in con-
nection with the figures states that GrRunow had remarked that this form
reminded him of Triceratium megastomum (E.?) BRIGHTW. and Tr. con-
stans GREV., but that he could not identify it definitely because of the
absence of necessary views. It seems more probable that it is a form or
variety of Biddulphia favus (EHR.) VAN Heurck (1885, . Synopsis,
p. 208). ”

Fig. 85 Valve view. Length along side, 143 p. X 750.

(24) Genus CERATAULINA H. PERAGALLO

Cells cylindrical, valves slightly rounded with two stumpy processes
near the margin, which hold on to the corresponding processes of the
neighbouring cells by a little curved hair ‘that fits into a sheath in the
neighbouring cell. Intercalary bands numerous. Usually in more or less
long chains. Cell-wall weakly siliceous.

1 Cerataulina Bergonii H. PERAG.
1892, p. 7, PL. 1, f. 15.

Cells cylindrical, circular in valve view, more or less elongated along
pervalval axis; united into straight or usually slightly curved chains.
Intercalary bands numerous, collar-shaped, difficult to see. Valve with
slightly convex surface and short valve mantle. On margin of valves two
short cylindrical processes opposite each other with a hair-like delicate
spine. Cells united into chains with end surfaces of processes together
and spine in a sheath in neighbouring cell so that only very small apertures
are present. Cell-wall weakly siliceous. Valve with radial rows of puncta
about 22 in 10 p. Common but not abundant.

Diameter, 30—36 .

Fig. 86 Part of a chain. Diameter, 30 p. X 325.

., 86a Part of two cells, narrow girdle view, showing method of
joining. > 1500.
., 86b Valve view. Rows of puncta indicated. X 1500.
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2 Ceratauling compacta OSTENFELD
1901, in OSTENFELD and SCHMIDT, p. 153, f. a—d.

Cells elongate-cylindrical. Valves flattened instead of rounded. Pro-
cesses on valves short, oblique, with flatter end surfaces than in
C. Bergonii, situated in the prolongation of hoop-surface, not within it;
spines slightly heavier. Cells united into stiff usually straight chains by
end surfaces of processes. Very small apertures, often absent. Inter-
calary bands numerous, collar-like. Cell-wall weakly siliceous. Punctation
on valves fine, about 18 puncta in 10 #, in rows. Common but not
abundant. ‘

Diameter, 34—61 g; length along pervalval axis, 100—160 p.

Fig. 87 Part of a chain. Diameter, 34 x. X 750.

» 87a Part of a cell indicating sculpturing of valve. Diameter,

34 p. XX 1500. ,
» 876 Part of two cells showing method of uniting. X 750.

(25) Genus HEMIAULUS EHRENBERG.

Cells single or united: in chains. Valves elliptical in section, with two
narrow pointed more or less long polar processes which are parallel with
the cell axis. One or more hyaline claws on the end of the processes.

. Intercalary bands usually indistinct or absent. Membrane strongly or

weakly siliceous, finer or coarser areolated or punctated. Cells more or
less bent.

1 Hemiaulus sinensis GREVILLE

1865, PL 5. f. 9 (H. chinensis).
Synonym: Hemiaulus Heibergii CLEVE.
1873a, p. 6, PL. 1, f. 4.

Cells broadly elliptical in valve view, more or less elongated along
pervalval axis, greatly variable apical axis. In more or less long usually
curved chains. Valve surface slightly convex to almost flat. Processes on
valves thin but strong with a strong claw on the ends. Cell-wall strongly
siliceous. Cell-membrane distinctly sculptured. Lines of areoles running
from a decidedly excentric point on the valve surface. Near center of
valve 7—9 areoles in 10 #, near margin 11—12 in 10 p. Very fine punct-
ation on girdle band, 21—23 rows in 10 x. Common.

Length along apical axis, 18—75 e

Fig. 88 Cell in girdle view showing point from which areoles run.

Length of apical axis, 36 . X 1500.
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Fig. 88a Other side of valve shown in 88.
,, 88b Two cells recently divided. XX 750.

,, 88c Part of a chain, narrow girdle view. X 750.

2 Hemiaulus indicus KARSTEN

1907, p. 3%4. Pl 46, f. 4, a.

Cell from circular to elliptical in valve view. Valves strongly rounded,
with two comparatively short processes on each valve which unite the
cells into more or less long, straight or slightly curved chains. Presence
or absence of sculpturing uncertdin, only water mounts studied. Not
common.

Diameter, 34—40 p.

Fig. 89 Two cells in a chain. Slightly twisted. Diameter, 36 p.

X 750.
,, 89a Same chain in straight broad girdle view. Drawn from
water mounts.

3 Hemiaulus membranacus CLEVE

1873a, p. 6, PL. 1, f. 5.
(See figures in SCHMIDT, Atlas, PL 142 f. 13, 14, 15).

Cells in girdle view of varying shapes from almost square to.5—6
times wider (apical axis) than long (pervalval axis). Valve slightly
convex, concave, or nearly flat between processes. Processes short, often
with a more or less sharp point. United in chains by processes. Apertures
narrow, linear to elliptical. Cell-wall very weakly siliceous. Very fine
punctation on valves 17—23 puncta in 10 g, -apparently not in regular
lines but very difficult to observe. Not common.

Breadth, 67—97 g.

Fig. 90 Cell in broad girdle view. Breadth, 67 p. X 750.

, 90a Two cells in a chain. Breadth, 73 x. X 750.
., 90b Cell in broad girdle view. Breadth, 91 g. X 750.
,, 90c Process showing sculpturing. > 1500.

(26) Genus HEMIDISCUS WALLICH

Cell shaped like a sector of a sphere, in girdle view wedge-shaped
narrowing from the dorsal toward the ventral side. Valve semi-circular
to asymmetrically elliptical. Valves flat with short valve mantles. Inter-
calary bands and septa absent, pervalval axis not especially elongated.
Cell-wall weakly or strongly siliceous, with regular areolation, rows
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radial, frequently in bundles. Marginal spinulae often present, also some-
times a pseudonodule near the middle of the ventral valve margin. With
or without a central hyaline area.

1 Hemidiscus Hardmanianus (GREV.) MANN

1865, GREVILLE, p. 1, PL. 5, f. 1—4, Palmeria Hardmaniana.
1907, MANN, p. 316.

Valves semi-circular, with a straight ventral margin and obtuse ends.
Central area hyaline. Areolation fine, in lines radiating from the central
area. Areoles more or less hexagonal, irregular along the straight margin;
just above the margin 12—13 in 10 yx; near the center 13—14 in 10 p.
Spinulae around the margin, 4—10 x apart, with hyaline ribs arising
from them and running toward the center. Girdle very unequal, narrow
. on straight side of valve, very broad on curved side. The cell, as a result
of the unequal girdle, resembles a section of an orange. Previous to
division the cell is nearly hemispherical. Dried specimens are of a dark
fawn color resembling that of Coscinodiscus nobilis.

J. BRuN (1891, p. 26, PI. 17, f. 4) describes and figures a species
which he calls Euodia (Hemidiscus) capillaris, but which is apparently
a synonym of the present species.

Abundant in some catches.

Length along straight margin, 504—534 p; width, 2504270 &

Fig. 91 Center of valve. X 1500.

» 9la Valve with marginal spinulae and hyaline ribs indicated.
Length, 534 n; width, 257 x. > 160.

» 91b Section of valve from center of straight margin to center
of valve. X 750. ‘

,» 9lc ‘Section near margin showing structure. X 1500.

» 91d Valves of a cell just before division. ) 80.

» 9le Other side of cell shown in Fig. 91d. X 80.

PENNATAE
(1) Genus LICMOPHORA AGARDH

Cells in girdle view three-cornered, attached by mucous stalk to
algae, etc. Valves at lower end narrow and pointed, at the upper end
broader, usually rounded. ‘With a middle pseudoraphe. Girdle zone -with
intercalary bands, one of which in each valve pierceé the cavity like
a septum above, open below.
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1 Licmophora Lyngbyei (KUTtz.) GRUN.

1844, KiiTZING, p. 121, PL 9, f. X. 3, Podosphenia Lyngbyei KUTZ.
1867, GRUNOW, p. 35, Licmophora Lyngbyei GRUN,

Cell in girdle view three-cornered, both upper corners rounded, lower
straight where attached to mucous stalk (not observed in this material).
Valves club-shaped, with distinct pseudoraphe and fine striae perpendic-
ular to it. Striae 11-—12 at the base, 13—14 above. Not common.

Length, 42—50 p.

Fig. 92 Girdle view of cell. Length, 42 p. 3 1500.

(2) Genus RAPHONEIS EHRENBERG

Cell in valve view lanceolate to elliptical, often rostrate on ends.
Valves with transverse and sagittal line free of puncta. Pseudoraphe
more or less distinct, often very small, often irregular, finely punctated.
Girdle view rectangular; with- regular sides.

1 Raphoneis amphiceros EHR.

1844, p. 87. : . .

Cell lanceolate, inflated at the center. Pseudoraphe small, linear.
Large puncta form transverse lines or striae, about 12 in 10 p. Littoral
form. Rare. ‘

Length, 24 p; width, 12 p.

Fig. 93 Valve view. Length, 24 p. < 1500.

2 Raphoneis surirella (EHR.?) GRUN.

In VAN HEURCK, Synopsis, p. 147, PL 36, f. 26, 27a.

Cell linear-elliptical, very slightly inflated at center. Pseudoraphe con-
spicuous, narrow, dilated at the extremities. Large puncta in transverse
striae, 13 in 10 p. Littoral form. Rare.

Length, 20—22 p; width, 7—38 p.

Fig. 94 Valve view. Length, 22 p. X 1500.

(3) Genus THALASSIOTHRIX CLevE and GRUNOW

Cells rod-shaped, straight or slightly bent, single or united into
star-like or zigzag colonies. Valves linear. Without pseudoraphe. With
similar or slightly different poles which hold the cells together.

1 Thalassiothrix elongata GRUNOW
1880—1885, in VAN HEURCK, Synopsis, PI. 37, f. 9.
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Cells single thread-like. Valves very long, slightly curved; one end
slightly pointed, the other rounded. Marginal striae 9—14 in 10 p. Closely.
related to or possibly a synonym of the usually more northerly Th.
longissima CLEVE and Grunow. Common in some samples.

Length, 1054—1260 y; width, 3—4 p.

Fig. 95 Cell showing characteristic curvature. Length, 1098 p.

X 80.
» 93a Same cell. Valve view. X 750.
» 956 Valve view. X 1500.

2 Thalassiothrix Nitzschioides GRUN.
1881, in VAN HEURCK, Synopsis, PI. 43, f. 7.

Cells rod-shaped, straight, or slightly curved. United into star-shaped
or zigzag chains. In girdle view elongated rectangular, in valve view linear
Or very narrow lancet-shaped. Both poles of valves alike. No pseudoraphe.
Marginal striae 12—14 in 10 z. Abundant in some catches.

Length of valve very variable, 18—20 x; width, 6—7 .

Fig. 96  Girdle view of chain. Length of cell, 68 1. X 325.

» 96a Girdle view of chain of two cells. Length, 52-u. % 750.

» 96b Part of a chain shown in 96a. X 1500.

» 96¢ Chain of nine cells. Cell on left end in valve view, Length
of cell, 40 u. X 325.

3 Thalassiothrix Frauenfeldii (GRUN.) CLEVE and GRUNOW

1863, GRUNoOw, p. 140, PL 14, f. 18, Asterionella? Frauenfeldii.
1880, CLEVE and GruNoOw, p. 109.

Cells rod-shaped, straight, or slightly curved. Colonies always star-
shaped. Poles of valves morphologically distinct, although only slightly
different. No pseudoraphe. Marginal striae 10—12 in 10 p. Figured in
VaN HEURCK, Synopsis, PL. 37, f. 13, as Th. Frauenfeldii var.? Javanica
GRruN. Abundant in some catches. '

Length, 164—257 n; width, 8—12 e

Fig. 97  Girdle view of a single cell. Length, 257 u. X 325.

» 97a Extremities of same cell. X 1500.
» 970 Chain of three cells. Length, 164 p. X 325.

(4) Genus ASTERIONELLA HASSAL

Cells rod-like with distinctly dissimilar ends. United into star-like or
spiral colonies in which the cells are united only by the thicker ends.
Valves with a median pseudoraphe.
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1 Asterionella japonica CLEVE

1882, CLEVE in CLEVE and MGLLER, no. 307. 1877—82.
Colonies star-shaped, in spirals of somewhat great curvature. Inner

part of cell in girdle view three-cornered, outer part hair-like; inner
part in valve view oblong. Not common.

Breadth of cell, 74—129 g; length of inner thicker part, 14—16 p.

Fig. 98 Part of a colony. Cells in girdle view. Length of cell, 74 p.
X 750.
» 98a Valve view of a cell. Length, 110 . X 750.

(5) Genus CAMPYLONEIS Grunow

Valves dissimilar, in outline elliptical or orbicular. Upper valve without
central nodule and median line, with pseudoraphe, with radiate rows of
coarse puncta or alveoles. Lower valve with central nodule and median,'
straight raphe, without polar nodules, with radiate, finely punctated striae.
Between both valves and connected to the lower valve by some vertical

processes, is an interior siliceous skeleton of more or less complicated
structure.

1 Campyloneis Grevillei (SM.) GRUN.

1862, GRUNOW, p. 429.

1853—58, SMITH, Syn. I, p. 22, PL. 3, f. 35, Cocconeis Grevillei.
1867, GRUNOW, p. 11.

1894—95, CLEVE, Syn. |, p. 167, Campyloneis Grevillei var. typica.

Valve broadly elliptical, with rounded ends. Upper valve with a de-
pressed, lanceolate area. Striae 6 in 10 p; outside of the area composed
of distinct puncta, inside of short ribs, formed of fused puncta. Lower
valve with straight median line, not reaching the margin; with radiate
striae, 12-—14 in 10 &, made up of coarse puncta, 12—15 in 10 . Interior
skeleton of transverse ribs connected by an axial rib. Rare.

Length, 44 y; breadth, 31 p.

Fig. 99 View of lower valve and interior skeleton. Length, 44 y;

breadth, 31 p. X 1500.

(6) Genus NAVICULA BoRrYy

Cells usually free, capable of movement. Often united into ribbon-like
chains in plankton forms. Both valves with raphe and central nodule.
Halves of the raphe not surrounded by an elevated parallel ridge; both
ends of each half terminating in a rounded or elongated bead; central and
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1 Asterionella japonica CLEVE

1882, CLEVE in CLEVE and MGOLLER, no. 307. 1877—82.
Colonies star-shaped, in spirals of somewhat great curvature. Inner

part of cell in girdle view three-cornered, outer part hair-like; inner
part in valve view oblong. Not common.

Breadth of cell, 74—129 y; length of inner thicker part, 14—16 .

Fig. 98  Part of a colony. Cells in girdle view. Length of cell, 74 p.
X 750.

» 98a Valve view of a cell. Length, 110 . X 750.

(5) Genus CAMPYLONEIS Grunow

Valves dissimilar, in outline elliptical or orbicular. Upper valve without
central nodule and median line, with pseudoraphe, with radiate rows of
coarse puncta or alveoles. Lower valve with central nodule and median,
straight raphe, without polar nodules, with radiate, finely punctated striae.
Between both valves and connected to the lower valve by some vertical
processes, is an interior siliceous skeleton of more or less complicated
structure. |

1 Campyloneis Grevillei (SM.) GRUN.

1862, GRUNOW, p. 429.

1853—58, SMITH, Syn. I, p. 22, PL. 3, f. 35, Cocconeis Grevillei.
1867, GRUNOW, p. 11.

1894—95, CLEVE, Syn. I, p. 167, Campyloneis Grevillei var. typica.

Valve broadly elliptical, with rounded ends. Upper valve with a de-
pressed, lanceolate area. Striae 6 in 10 r; outside of the area composed
of distinct puncta, inside of short ribs, formed ‘of fused puncta. Lower
valve with straight median line, not reaching the margin; with radiate
striae, 12—14 in 10 x, made up of coarse puncta, 12—15 in 10 . Interior
skeleton of transverse ribs connected by an axial rib. Rare.

Length, 44 p; breadth, 31 p.

Fig. 99 View of lower valve and interior skeleton. Length, 44 p;

breadth, 31 p. 3 1500.

(6) Genus NAVICULA Bory

Cells usually free, capable of movement. Often united into ribbon-like
chains in plankton forms. Both valves with raphe and central nodule.
Halves of the raphe not surrounded by an elevated parallel ridge; both
ends of each half terminating in a rounded or elongated bead; central and
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terminal nodules of valve surrounded or broadened transversally. Without
a keel.

1 Navicula Weissflogii A. SCHMIDT
1873, p. 406, PL. 6, f. 3, 4.
Atlas, Pl 12, f. 26-32.

Valve elliptical, strongly constricted in the center, segments sub-
elliptical. Centra] nodule with approximate horns. Transverse costae
9—13 in 10 g4, crossed by numerous equidistant, straight, longitudinal
costae, curved outwards in the middle of the valve. Not common. Given
as Diploneis Weissflogii A. S.-in CLEVE, Synopsis, I, p. 91.

Length, 24—40 n; breadth, 8—18 4.

Fig: 100 Valve view. Length, 40 x. X 1500.

2 Navicula elliptica KUTZING
1844, p. 98, PIL. 30, f. 55.
(See figure in SCHMIDT, Atlas, Pl 7, f. 29).

Cell elliptical. Striae very distinct, about 13 in" 10 y, nterrupted near
center. Rare.

Length, 26 px; width, 12 p.
Fig. 101 Valve. Length, 26 g; W1dth 12 u. XX 1500.

k)

3 Navicula Pelagi A. SCHMIDT
1875, Atlas, PL 7, f. 26.

Valve rhombic-elliptical. Central nodule large, rounded. quadrate.
Transverse costae coarse, very prominent, 9—10 in 10, crossed by a
longitudinal costa midway between center of valve and margin, giving
the valve the appéarance of being reticulated. Two to three longitudinal
‘rows of minute puncta between costae of outer group. Rare. Given in
CLEVE, Synopsis, 1, p. 93, as Diploneis fusca GREG. var. Pelagi A. S.

Length, 40 p; breadth, 18 .

Fig. 102. Valve. Length, 40 p; breadth, 18 x. X 1500.

(7) Genus PLEUROSIGMA W. SMITH

Cells free, elongated. Raphe strongly curved into an S, rarely into a
C; sides of valve usually corresponding to the same curve. Marking
uniform over entire valve, of fine, closely set lines, arranged either in two
series, one transverse and one longitudinal, or in three series, one trans-
verse and the other two at angles of 60 © to each other. Tips of the raphe
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turned to opposite sides of the valve. Both central and end nodules
present.

The newer name, Pleurosigma W. SMITH (1853—56), has been used
rather than the older one, Gyrosigma HAssaL (1845), only because of
its more common acceptance. The latter, however, is preferable, and is
apparently coming into more general use.

1 Pleurosigma naviculaceum BREB.

1854, p. 27, . 7. -

Valve lanceolate, gently sigmoid, with acute or slightly rostrate ends.
Median line more sigmoid than the valve, excentric, prominent. Trans-
verse and oblique striae equidistant. Rare.

Length, 79 y; breadth, 16 p; striae, 17—18 in 10 p.

Fig. 103 Valve. Length, 79 x; breadth, 16 p. X 750.

,» 103a Sculpturing of valve. > 1500.

2 Pleurosigma pelagicum PERAG.
1891, p. 7, PL 3, f. 3. f
(See CLEVE, 1894, Synopsis, I, p. 37). ”
Valve not strongly sigmoid, lanceolate, acute. Median line strongly
sigmoid. Not common.
Length, 194 p; breadth, 24 y; transverse and obhque striae, 18—21
in 10 I
Fig. 104 Valve. Length, 194 y; breadth, 24 p. XX 750.
,» 104a Sculpturing. > 1500.

3 Pleurosigma elongatum W. SM.
1852, p. 6, PL 1, f. 4.
1853, Synopsis, I, p. 64, Pl 20, f. 199.
Valve lanceolate, flexure slight, extremities somewhat pomted Raphe
central, slightly sigmoid. Rare.
Length, 445 x; breadth, 36 p; transverse and oblique striae, 17—20
in 10 e
Fig. 105 Valve. Length, 445 p; breaath, 36 x. XX 325.
,» 105a Sculpturing. > 1500.

4 Pleurosigma Normanii RALFS

1861, in PRITCHARD, Infusoria, p. 919.
Valve gently sigmoid, lanceolate, with subacute ends. Median line
gently sigmoid, central. Fairly common.
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Length, 92-—127 p; breadth, 12—24 u; striae, transverse 17—22,
oblique 18—21 in 10 p.
Fig. 106 Valve. Length, 127 x; breadth, 24 x. X 750.
» 106a Sculpturing-of cell in fig. 106. X 1500.
» 1066 Another valve. Length, 92 u; breadth, 12 x. Sculpturing
" indicated. % 1500.

5 Pleurosigma angulatum W. SM.

1853, .Synopsis I, p. 65, PL. 21, f. 205..

Valve rhomboidal-lanceolate, slightly sigmoid, angular in the middle,
ends somewhat acute. Raphe central, slightly sigmoid. Central nodule
small. Transverse and oblique striae equidistant. Not common.

Length, 110—115 g; breadth, 18—20 p; striae, 18—21 in 10 p.

Fig. 107 Valve. Length, 111 p; breadth, 18 u. X 750.

» 107a Sculpturing. X 1500.

var. strigosa W. SM.

1853, Synopsis, I, p. 64, Pl 21, f. 203, Pleurosigma strigosum.
VAN HEURCK, Synopsis, p. 115, PL. 19, f. 2, P. angulatum var. strigosa.

Valve lanceolate, slightly sigmoid, gradually tapering to' the sub-
acute ends. Median line excentric, a little more sigmoid than the valve.
Transverse and oblique striae equidistant. Not common.

Length, 269—338 u; breadth, 30 u; striae, 18—20 in 10x.

Fig. 108 Valve. Length, 338 x; breadth, 30 u. X 325.

» 108a Sculpturing. X 1500.

6 Pleurosigma aestuarii W. SM. var.?
1853, Synopsis, I, p. 65, Pl 31, f. 275.

Valve broadly lanceolate, gently sigmoid, with slightly rostrate ends.
Median line more sigmbid than the valve, excentric. The identification of
this species is not certain, but it seems most nearly allied to P. aestuarii
of which it may be a small variety. Not common.

Length, 24—46 p;- breadth, 8—14 p; transverse and oblique striae,
17—20 in 10 p.

Fig. 109 Valve with sculpturing indicated. Length, 46 p; breadth,

14 . X 1500.

7 Pleurosigma Spencerii W. SM.

1852, p. 12, PL. 2, f. 15.
1853, Synopsis, I, p. 68, Pl. 22, f. 218.

Valve linear-lanceolate, sigmoid, with more or less obtuse ends. Median
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line central, more or less excentric near extremities. Resembles most
closely the figures of P. Spencerii var. Arnottii GRUN. (PERAGALLO, 1891,
Pl 8, f. 18—19; PERAGALLO, H. and M., 1897—1908, P1. 34, £. 18). Rare.

Length, 123 p; breadth, 10 p; striae, longitudinal and transverse,
18—22 in 10 p.

Fig. 110 Valve. Length, 122 p; breadth, 10 p. XX 750.
, 110a Sculpturing. X 1500.

8 Pleurosigma rectum DONKIN
1858, p. 23, PL 3, f. 6.

Valve linear, straight, with obliquely rounded ends. Median line
strongly excentric and sigmoid. Rare. Given in VAN HEURCK, Synopsis,
as Donkinia recta (DONKIN) GRUN. :

Length, 142 p; breadth, 12 p; longitudinal and transverse striae, 22
_ in 10 e
Fig. 111  Valve. Length, 142 p; breadth, 12 p. X 750.

, 11ta Sculpturing. X 1500.

-9 Pleurosigma compactum GREV.

1857, p. 12, PL. 3, £. 9.

Synonyms: Pleurosigma Smithianum CASTR.
1886, p. 38, PL 28. f. 6. '
Rhoicosigma? Tahitense (CASTR.) H. PERAG.
1891, p. 33, PL. 10, f. 9.

Cell with dissimilar valves. Only lower valve observed here. Broadly
lanceolate, not strongly sigmoid, gradually tapering to tne more or less
acute ends. Median line strongly-excentric and sigmoid, rather abruptly
crossing the valve near the center. Rare.

Length 281 u; breadth 62 p; striae, transverse 18—20 .in 10 g,
longitudinal 20—24 in 10 .

Fig. 112 Lower valve. Leugth, 281 p; breadth, 62 p. X 325.

., 112a Sculpturing. X 1500. |

(8) Genus AMPHIPRORA EHRENBERG

Cells single or in ribbon-like chains. Valves with raphe, central nodule
and keel which is twisted into an S, so that one half lies on edch side
of the chain axis. Valve lanceolate, acute, convex. Central area small or
none. Structure of the lower part of the valve: transverse striae, rarely
scattered puncta; structure of the keel: puncta in transverse or decussat-
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ing rows. Connecting zone complex with more or less numerous, trans-
versely striate divisions.

1 Amphiprora gigantea GRUN.
1860, p. 258, PIL. 6, f. 12.
var. sulcata (O’Meara) CLEVE

1871, O’ MEARA, p. 22, PL. 3, f. 3, Amphiprora sulcata.
1894, CLEVE, Syn., Part I, p. 18.

Cell strongly constricted. Keel with a hyaline margin. Junction-line
curved like a bow. Keel with puncta forming obliquely decussating rows,
13—15 in 10 u. Striae of the valve curved, divergent from the central
" nodule, 13—14 in 10 g, not decussating. Median line strongly sigmoid.
Connecting zone with numerous longitudinal divisions. Striae on connect-
ing zone, 20-in 10 p. Rare.

Length, 97 p.

Fig. 113 Girdle view. Length, 97 u. X 750.

, 113a Part of cell shown in Fig. 113, indicating structure.
X 1500. '

(9) Genus MASTOGLOIA THWAITES

Valves linear, lanceolate or orbicular, frequently with rostrate or
capitate ends, symmetrical. Median line usally undulate. Axial area
usually indistinct. Central area small. Structure: transverse punctate
striae, usually subparallel, the puncta so disposed as to form obliquely
decussating, or straight or undulating longitudinal, striae. “Connecting
zone not complex. Between the zone and the valve, a marginal septate -
plate.

1 Mastogloia minuta GREV.
1857, p. 12, PL 3. f. 10.

Cell elliptical-oval to elliptical-oblong. Extremities produced, almost
knob-like. Median line straight. Conspicuously apiculate; loculi 9—12;
punctation very fine, in optical section striae almost perpendicular to
median line, 24—26 in 10 p; near surface striae more radial, puncta
coarser about 20 in 10 x. Not common. _

Length of cell, 18—20 p; width, 8—10 p.

Fig. 114 Valve view. Focus slightly above optical. Length, 20 g;

width, 10 z. X 1500. ' '
, 114a Same cell as in Fig. 114. Focus optical. Puncta indicated
on part of valve. X 1500.
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(10) Genus AMPHORA EHRENBERG

Both valves similar and asymmetrical along the longitudinal axis.
Ventral and dorsal sides in planes crossing each other at an angle, which
is variable. No transverse ribs. Raphe evident, much nearer the concave
side of the valve than the median line. Zone wide, composed of several
bands, punctated. Cell usually broadly elliptical with truncate ends.
Valves lunate, acute. Central nodule transversely dilated to a stauros
or not.

1 Amphora lineolata (EHR.) GRUN.

18384, EHRENBERG, p. 188, n. 250, Pl. 14, f. 4, Navicula lineolata.
1880—85, GRUNOW in VAN HEURCK, Syn. p. 57, PL 1, f 23.

var. chinensis (A. SCHM.) CLEVE

1875, SCHMIDT, Atlas, Pl. 26, f. 42, Amphora chinensis.
1895, CLEVE, Syn., Part. II, p. 126.

Cell elliptical with broad, truncate ends and convex margins; mem-

branaceous. Zone with numerous divisions, 12—14 in 10 p, very finely,
transversely striated. Central nodule slightly transversely dilated. Dorsal

part of valve finely striated; striae 20—22 .in 10 p. Striations made up
of fine puncta. Rare.

Length, 40 n; breadth, 20 .

Fig. 115 Girdle view. Length, 40 y; breadth, 20 u. X 1500.

2 Amphora decussata GRUN.
1867, p. 178, PL 195, £. 0.

Cell thin, elliptical with truncate ends; a little over twice as long
as broad. Zone with numerous divisions. Central nodule dilated into a
transverse stauros. Dorsal side with very oblique striae, about 15—17
in 10 u, turned in opposite directions from the stauros and crossed by
undulating, narrow, transverse, blank bands. Ventral side very narrow,
striated, 14—15 striae in 10 x. Rare.

Length, 106 p; breadth, 42 p.

Fig. 116 Girdle view. Length, 106 »; breadth, 42 p. X 750.

» 116a, b Parts of cell shown in Fig. 116. X 1500.

(11) Genus BACILLARIA GMELIN |

Cells rod-like. United in movable bands. Valves slightly convex. Keel
median or almost median. Keel puncta not extended laterally. Transverse
striae distinct.
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1 Bacillaria paradoxa GMEL

1880—1885, VAN HEURCK, Synopsis, Pl 61, f. 6, 7.
Cells rod-like, united in movable colonies. In girdle view narrow
rectangular, in valve view linear lanceolate, with pointed ends. Common.
Length of valve, 156—246 p; breadth, 6  in girdle view, 8—11 in
valve view; striae 20—21 in 10 p.-
Fig. 117 Colony of 9 cells. Girdle view. Length of valve, 164 u;
breadth, 6 ux. X 325.
» 117a End of two cells in girdle view. X 1500.
» 1176 Extremities of a cell in valve view. Length, 246 p; breadth,
11 px; X 1500.

(12) Genus NITZSCHIA HASSAL

Cells spindle-shaped, single or united in colonies. Valves with raphe
but no central nodule. The keels of the two valves diagonally opposite.
Sagittal section asymmetrical, transverse section rhombic. Valves in
transverse direction symmetrical with.a keel and Keel puncta which are
short or extended into short ribs. g

1 Nitzschia panduriformis GREG.
1857, p. 57, PL 6, f. 102.

var. continua Grun.
In VAN HEURCK’s Synopsis, p. 172, Pl. 58, f. 6.
Cell elliptical, constricted in the center, extremities slightly pointed.
Large hyaline puncta on margin, about 9, in 10 x. Extremely fine puncta-

tion on valves, 25—27 puncta in 10 g, arranged in a three line system,
difficult to see. Not common.

Length, 17 g; breadth, 7 u.
Fig. 118 Valve. Length, 17 »; breadth, 7 . X 1500.

2 Nitzschia sigma W. SMm.

1853—56, Vol. I, p. 39, PL 13, f. 108. .
Valves linear, a little sigmoid, gradually diminishing in size toward

the extremities.
var. intercedens GRUN.

See VAN HEURCK Syn., p. 179, PI. 66, f. 1.
Length, 330 p; breadth, 10 g; coarse striae, 6—7 in 10 #. Not common.
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Fig. 119  Girdle view. Length, 330 p; breadth, 10 p. X 160.
,, 119a Extremities of same cell. ) 325.

var. indica KARSTEN
1907, p. 406, Pl 54, f. 11q, b.
Considerably diminished in size at extremities. In girdle view
S-shaped; in valve view straight or slightly S-shaped.
Length, 520 p; breadth, 12 p; coarse striae 7—10 in 10 p. Rare.
Fig. 120 QGirdle view. Length 520 p; breadth 12 p. X 160.
» 120a Extremities of same cell. 3 325.

3 Nitzschia longissima (BREB.) RALFSSs.
" 1861, in PRITCHARD, p. 783.
Cells living singly, motile. Ceritral enlarged area lanceolate. Ends hair-
like, greatly elongated, nearly straight. Common.

Length, 253 p; breadth, 6 p; puncta, 5—7 in 10 p.
Fig. 121  Entire cell. Length, 253 p; breadth, 6 p. X 325.

» 12la Extremity of cell in fig. 121. X 1500.

» 1216 Section near center of same cell. )X 1500.

» 121c Central part of same cell. 3 750.

4 Nitzschia Closterium W. SM.
1853—56, p. 42, PL 15, f. 120.

Cells living singly, motile. Central enlarged region elliptical-lanceolate.
Ends hair-like, usually more or less curved. Possibly a variety of N.
longissima. Common.

Length, 57—208 p; breadth, 5—12 p; puncta 15 in 10 p.

Fig. 122 Entire cell. Length, 115 p; -breadth, 7 p. X 750.

» 122a Another cell. Length, 208 p; breadth, 12 p. X 325.

» 1226 Central part of cell shown in fig. 122. X 1500.

» 122¢, d Two smaller cells. Length, 122¢, 60 p; 122d, 57 p.
X 750.

5 Nitzschia Lorenziana GRUNOW
1880, CLEVE and GRUNOW, p. 101.
var. incurva GRUNOW

1880, CLEVE and GRUNOW, p. 102. :
Small. Valve, narrow, lanceolate, gradually diminished toward ex-
tremities, slightly sigmoid. Resembles a small form of N. sigma, but
differs in structure of valve. Not common.
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Length, 79—140 y; bréadth, 6 u; striae, 14—15 in 10 p.

Fig. 123  Girdle view. Length, 79 y; breadth, 6 x. X 750.

» 123a Another cell, girdle view. Length, 140 x; breadth, 6 p.
X 325.

» 12356 Extremities of cell in fig. 123 a. X 750.

6 Nitzschia seriata CLEVE

1883, p. 478, PI. 38, f. 75.

Cells spindle-shaped or fusiform, with more or less pointed ends.
United in stiff, hair-like chains in such a way that the cells lie together
for a short distance along their points. Common.

Length, 97-—174 g; breadth, 6—38 p; striae, 10—13 in lO TR

Fig. 124 Three cells in a chain. Length of cell, 97 . X 325.

» 124a Two longer cells in a chain. Length of cell, 174 p. X 325.

(13) Genus SURIRELLA TURPIN

Cells singie. Valves wedge-shaped, oval, elliptical or linear, sometimes
twisted. With a longitudinal, central, linear or lanceolate pseudoraphe,
and margins produced into a wing-like expansion containing the raphe
on each side. Pseudoraphes of the two valves parallel. Distinct canal-
pores usually visible. Valve marked with transverse ribs not quite extend-
ing to the center. Valve surface nearly flat.

1 Surirella gemma EHR.

18385, p. 76, Pl 4, f. 5. .

Valve elliptical to ovate; in front view somewhat wedge-shaped. Ribs
or canaliculi linear, very narrow, irregularly spaced, 2—4 in 10 p, reach-
ing the median line which is also narrow. Marginal alae indistinct. Sur-
face of valve striated with very fine, transverse striae made up of tiny
puncta visible only under high magnification, 18—21 striae in 10 g. Very
rare. Littoral.

Length, 102 p.

Fig. 125 Valve view. Striae indicated on section of valve. Length,

102 p. X 750.

2 Surirella fluminensis GRUN.

1862, p. 463. _
(See ScuMmIDT, Atlas, Pl 4, £.9).

Valve ovate. Front view more or less wedge-shaped. Ribs or canaliculi
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few, about 10, inflated toward the margin, reaching narrow median canal
(except last pair). Marginal striae delicate, 18—20 in 10 . Possibly a
variety of S. fastuosa EHR. Rare.

Length, 44—56 p; width, 28—36 p.

Fig. 126 Valve view. Length, 56 p; width, 36 p. X 1500.

(14) Genus CAMPYLODISCUS EHRENBERG -

Cells single. Valve outline nearly circular; ribs or other markings
radial. Valve surface saddle-shaped, rarely almost flat. Keel not winged.
Valves with a longitudinal central pseudoraphe, that of one valve at right
angles to that of the other.-Canal pores distinct, usually in parallel rows.

1 Campylodiscus (?) cocconeiformis GRUNOW
(CLEVE and MGLLER, Diat. no. 178 and 214).
In CLEVE, 1883, p. 502, PL 38, f. 78.

Cell only slightly longer than broad. Entire valve areolated. Row of
large areoles around margin; smaller, more or less.irregular on rest of
valve, diminishing in size toward center; in 13—21 sectoys. Rare.

Length, 25—30 p; breadth, 20—26 p..

Fig. 127 Valve view. Length, 28 p; breadth, 24 u. X 1500.
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Figs. 1—4. 1. Paralia sulcata; 2. Stepbanopyxfs Palmeriana; 3. Skeletonema
costatum; 4. Coscinosira Oestrupii.
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Figs. 5—8. 5. Coscinodiscus excentricus; 6. Cosc. lineatus ; 1. Cosc.
marginatus; 8. Cosc. radiatus.



Y
¥

e

\

® 00 048 93,008 8%00,0 920, Of 0O
000500 2,020 50,0952 0%,0 02%0 2%0a.
’.oo°o°o°,°¢°,°¢ﬂ°% 0290 0000,08

L J oc .° & d
©a335%¢ % 'a200%0°, 2 %0 009059,
4 2, o 0,9
909,02, 0 090 03 5%3a0500 "] ag 9

00000600

00000000

o
0360

Ogin onoooo"
® o L]
0000%00

Figs. 9—10. 9. Coscinodiscus nodulifer; 10. Cosc. jonesianus.



Coscinodiscus Jonesianus var. commutata.
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Fig. 13—13d. Coscinodiscus nobilis.
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13e-f. Coscinodiscus nobilis; 14. Cosc. asteromphalus.
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O OOSS ==l

A .'.--- >,
LI w0
P “d .’.

s @D,

16

..‘Q',:c W &7
SXERIR &
SRR S
SSotosaoeee
SRR 5
Yoo e ) DR O Q C
SeDGOS DE Sh .
= O=lE 206
X 3 QAOODO O P
.D‘J’Do @)
_ = D=0
= c,%':’ 2O
; ‘;:oo ':)03
C’Di4‘:i°oi°ofco
Qo‘f::aoooiogo
S SY= g 05 OC
DS
ASOEDS S
S ©
AOROSODROSI
- ® ® 00 S
& OIS > @
o c\'Oo (=) DOO = v 3 J
Q:ng—xU@OOO 0% ‘
(=) 3 ,O“Jc () o ==Y ),
DDA :-3)© ® \ ) \
DSOS EEE0COB00 ‘ &
®©g\©‘9© g@@ Ox A\ogg/,s{ Q
© S5 06520626 oA [ [ITNTA TR
6250280205206
) =0

= A0, S ),
SeoCaadea0es
= ‘9@;%%@&95%‘2\@@.%91%3? .

Fig. 16. Coscinodiscus gigas var. praetexta.
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Figs. 17—18. 17. Coscinodiscus Janischii var. arafurensis; 18. Cosc. subtilis.




20

Figs. 19—20. - 19. Planktoniella sol; 20. Actinoptychus undulatus.
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Figs. 21—24. 21. Asterolampra marylandica; 22. Asteromphalus flabellatus;
23. Asteromphalus Cleveanus; 24. Corethron criophilum.
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Figs. 25—28. 25. Lauderia annulata; 26. Schroderella delicatula; 27. Lepto-
cylindrus danicus; 28. Guingrdia flaccida.
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Figs. 20—-33. 29, Rhizosolenia Stolterfothii; 30. Rhiz. cylindrus; 31. Rhiz.
robusta; 32. Rhiz. Bergonii; 33. Rhiz. arafurensis.



Figs. 34—36. 34. Rhizosolenia Clevei; 35. Rhiz. imbricata; 36. Rhiz. imbricata
var. Shrubsolei.
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Figs. 37-40. 37. Rhizosolenia setigera; 38. Rhiz. styliformis; 39. Rhiz. styliformis
var. longispina; 40. Rhiz. styliformis var. latissima.
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Figs. 41—45. 41. Rhizosolenia calcar-avis; 42. Rhiz. hebetata form semispina;
43. Rhiz. alata form genuina; 44. Rhiz. alata form gracillima;
45. Rhiz. alata form indica.
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Figs. 46—47. 46. Bacteriastrum delicatulum; 47. Bacter. hyalinum.



Fig. 48. Bacteriastrum varians.



Figs. 49-—-50. 49. Bacteriastrum varians var. hispida; 50. Bacter. comosum.
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Figs. 51—52. 51. Chaetoceras Eibenii; 52. Ch. coarctatum.
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Figs. 53—55. 53. Chaetoceras denticulatum; 54. Ch. nanodenticulatum;
55. Ch. rostratum.
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Figs.

56—57. 56. Chaetoceras peruvianum; 57. Ch. peruvianum form robusta.
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Fig. 58. 58. Chaetoceras Lorenzianum.
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Figs. 50—60. 59. Chaetoceras Lauderii ; 60. Ch. compressum.



Figs. 61—64. 61. Chaetoceras didymum; 62. Ch. didymum var. protuberans;
63. Ch. didymum var. anglica; 64. Ch. constrictum.
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Fig. 65. 65. Chaetoceras Van Heurckii.



Fig. 66. 66. Chaetoceras affine.



Figs. 67—68. 67. Chaetoceras paradoxum; 68. Ch. distans.
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Figs. 60—72. 69. Chaetoceras laciniosum; 70. Ch. breve; 71. Ch. diversum;

72. Ch. laeve.
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Fig. 73. 73. Chaetoceras pseudoéurvisetdm.
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Figs. 74—75. 74. Eucampia zorodiachs;'75'. f-lu Vcomuta.
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Figs. 76—78. 76. Climacodium Frauenfeldianum; 77. Streptotheca indica;
78. Bellerochea malleus form biangulata.
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Figs. 80—81. 80. Biddulphia mobiliensis; 81. Bid. sinensis.
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Figs. 82—83. 82. Biddulphia heteroceros

id. reticulum.
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Figs. 84—85. 84. Biddulphia dubia; 85. Bid. species.
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Figs. 86 —87. 86. Cerataulina Bergonii; 87. Cer. compacta.
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Figs. 88—89. 88. Hemiaulus sinensis; 89. Hem. indicus.
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Figs. 90—91.

90. Hemiaulus

membranaceus; 91. Hemidiscus Hardmanianus.
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Figs. 92—97. 92. Licmophora Lyngbyei; 93. Raphoneis amphiceros; 94. Raph.
surirella; 95. Thalassiothrix elongata; 96. Thal. Nitzschioides;
97. Thal. Frauenfeldii. T
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Figs. 98—102. 98. Asterionella japonica; 99. Campyloneis ‘Grevillei; 100. Navicula
Weissflogii; 101. Navic. elliptica; 102. Navic. Pelagi.




106a

106

107

107a

105. PL
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104. Pl. pelagicum

107. Pl. angulatum.

"106. Pl. Normanii

Figs. 103—107. 103. Pleurosigma navijculaceum
elongatum
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Figs. 108—113. 108. Pleurosigma angulatum var. strigosa; 109. Pl. aestuarii;
110. PL. Spencerii; 111. Pl rectum; 112. Pl. compactunt; 113. Amphiprora

gigantea var. sulcata.
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Figs. 114—119. 114. Mastogloia minuta; 115. Amphora li’neola.ta var. chinens

116. Am. decussata;

is;
is var.

ia panduriformi

intercedens.

117. Bacillaria paradoxa; 118. Nitzschi

b4

sigma var.

119. Nitz. si

’

continua;
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Figs. 120—124. 120. Nitzschia sigma var. indica; 121. Nitz. longissima;
122. Nitz. Closterium; 123. Nitz. Lorenziana var. incurva; 124. Nitz. seriata.
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Figs. 125——127. 125. Surirella gemma; 126. Sur. fluminensis;
127. Campylodiscus (?) cocconeiformis.
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