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Abstract

Light and electron microscope observations show that a brackish diatom taxon should be classified as a new species of a
new genus; Pseudofrustulia lancea gen. et sp. nov. We propose separating Pseudofrustulia from other similar genera such
as Frickea, Frustulia, Amphipleura, Muelleria, and Envekadea on the basis of its thickened axial ribs, raphe endings, axial
costae, morphology of helictoglossa, size of striac on valve surfaces, and areolae on the inner side between its axial ribs
and raphe. Girdle bands may be another diagnostic feature for the separation of Pseudofrustulia from related taxa, but more
detailed observations using SEM images are required to determine if bands are diagnostic.
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Introduction

Benthic diatoms are important primary producers on surface sediments in intertidal environments and show higher
diversity than planktonic floras (Mclntire & Overton 1971, Moore & Mclntire 1977). Several researchers have
described brackish benthic diatom assemblages from estuaries along the coasts of Washington and Oregon (MclIntire
& Overton 1971, McIntire 1973, Riznyk 1973, Main & Mclntire 1974, Moore & Mclntire 1977, Amspoker & Mclntire
1978, Sawai & Nagumo 2003, Sawai et al. 2016). Recent floral and ecological diatom studies in this region have
focused on providing modern baseline data to apply in paleoenvironmental reconstructions (Nelson & Kashima 1993,
Hemphill-Haley 1995, Sherrod 1999).

One of such brackish diatom species in these later studies, which in this paper we introduce as Pseudofrustulia
lancea gen. et sp. nov., has a confused taxonomic classification. Photographs and illustrations in Giffen (1970) and
Archibald (1983), apparently similar to this taxon, were identified as Frustulia interposita var. incomperta (Lewis
1865: 18) Cleve (1894: 123). Their reports referred to Cleve (1894) who had followed the taxonomic revision of the
genus Frustulia Rabenhorst (1853: 50) by De Toni (1891) and considered Navicula incomperta Lewis in Lewis (1865:
18) as a synonym. However, in studies published after De Toni (1891) and Cleve (1894), descriptions, illustrations,
and photographs of the taxon do not match the descriptions in the original report of Lewis (1865), especially the size
of the valves and their densities of striae and areolae. These inconsistent descriptions suggest that the recent concept of
Frustulia interposita var. incomperta is different from the original one and that the recent usage of F. interposita var.
incomperta is illegitimate. Perhaps the main reason for this taxonomic confusion is that the identifications were based
only on text descriptions and hand-drawn illustrations. Here, we use light microscope (LM) and electron microscope
(EM; scanning electron microscope [SEM] and transmission electron microscope [TEM]) images to examine the valve
morphology of this brackish diatom and amend its taxonomy by proposing its transfer to a new genus.
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Materials and methods

The Astoria study site is in a tidal marsh bordering the mouth of the Lewis and Clark River where it flows into Youngs
Bay, southwest of the city of Astoria, Oregon. Vascular plants in the sampled marsh mostly consist of a high-to-middle
marsh community dominated by Schoenoplectus americanus, Juncus arcticus, Stellaria humifusa, and Cyperaceae spp.
Samples were collected by scraping the upper few millimeters of surface sediment near stems of Cyperaceae spp.

The Alsea Bay site, on the central Oregon coast, is on the eastern shore of the 2-km-wide bay, which is protected
from the sea by a sand spit with low dunes. Salt marshes that are tens to hundreds of meters wide fringe the bay’s
eastern shore and the lower Alsea River. Samples for diatoms were collected from high and middle marsh environments,
where vascular plants communities are characterized by Argentina egedii, Carex lyngbyei, Juncus arcticus, Triglochin
maritima, and Salicornia virginica.

Samples were bleached as described by Nagumo & Kobayasi (1990). For LM study, a drop of treated sample was
placed on an inverted coverslip and the coverslip was fixed to a glass slide. For EM study, a drop of distilled water was
placed on a glass slide and washed specimens were then transferred to the droplet.

Description

Division Bacillariophyta
Class Bacillariophyceae
Order Naviculales

Family Amphipleuraceae

Pseudofrustulia Sawai et Nagumo, gen. nov.

Valves lanceolate. Striae uniseriate. Raphe with helictoglossae at the distal ends, with a nodule at the proximal ends, enclosed between two
internal ribs. Distal part of the internal ribs fused with helictoglossae, independent from the raphe and the proximal nodule. Areolae
are poroids, present on the inner side of the valve between the axial ribs and raphe. Valvocopula opening. Notched features in the
middle of valvocopula. Pleura perforated.

Type:—Pseudofrustulia lancea Sawai et Nagumo.

Etymology:—the genus epithet is composed of the ancient Greek word “pseudo” with the meaning of “resembling
to,” and Frustulia.

Pseudofrustulia lancea Sawai et Nagumo, sp. nov. (Figs. 1-23)

A single H-plastid per cell (Figs. 5, 6). Living specimens forming colonies with mucilage tubes (Figs. 5-7). Living specimens gliding
within the mucilage tubes. Valves lanceolate-elliptic with rounded apices (Figs. 1-4); length 20 to 70 pm, width 7 to 12 um. Striac
punctate, parallel, about 30-45 in 10 um (Figs. 5-10). Areolae about 35-40 in 10 um (Figs. 10-13). The areolae are poroids,
occluded internally by vela with fine pores (Figs. 17, 18). Raphe straight between two internal axial ribs (Figs. 14—16), with a
nodule at the proximal ends (Figs. 15, 16), enclosed by rounded rib-like structures (helictoglossae) at the distal ends (Figs. 14, 15).
The two internal ribs are parallel, or slightly curved at the central area, along the axial area (Fig. 15). Ribs expanded, separated
around proximal raphe ends (Fig. 15). Valvocopula opening fimbriated, with a series of slits (Figs. 19-23). The proximal area of the
valvocopula with spines in a notch (an arrow in Figs. 7 and 23). Pleura doubly perforated (Figs. 21, 22).

Type:—U.S.A. Oregon: Alsea Bay, 44° 26’ 10” N, 124° 01’ 32” W, sample collected from the upper few millimeters of surface sediment
on the salt marsh (holotype ANSP GC65229, shown in Fig. 4; isotype ANSP GC65230).

Etymology:—the specific species name “lancea” is derived from the spearhead-shaped feature around the distal ends
of raphe on LM images (arrows in Figs. 1 and 2).

Ecology:—this species is found on surface sediments in the high salt marsh. Salinity range is approximately from
0 to 10 ppt. Relative abundance of Pseudofrustulia lancea and accompanying species in a sample from Alsea Bay:
Pseudofrustulia lancea (25.1 %), Frustulia vulgaris (2.9 %), Gyrosigma eximium (12.7 %), Nitzschia scalpelliformis
(4.2 %), Nitzschia sigma (9.3 %), Tryblionella debilis (3.4 %), Tryblionella levidensis (2.6 %).
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FIGURES 1-7. Pseudofrustulia lancea. Light microscopy (LM), holotype and other specimens. 1-3. Treated materials. In distal area,
a spearhead-like triangle feature is recognized (arrows in Figs 1-2). 3. Specimen from holotype slide. 4. Holotype. 5-6. Living valves
showing H-shaped plastids and colony structures in the mucilage tube. 7. Girdle views (two on the right), specimens from holotype slide.

Arrows indicate the notched feature. All scale bars = 10 pm.

Observations and Discussion

In this study, as a result of comparison with other genera of the same family Amphipleuraceae, Pseudofrustulia is
proposed as a new genus. This new genus can be distinguished from the other related taxa with SEM imagery, but
with difficulty using LM. Pseudofrustulia is distinguished from Frustulia, Frickea Heiden (1906: 264), Amphipleura
Kiitzing (1844: 103), Envekadea Van de Vijver et al. in Gligora et al. (2009: 136), and Muelleria Frenguelli (1945:
172) mainly by the structure of the axial ribs along the raphe, differences in raphe features, the helictoglossa, and the
positions of the areolae on the inner side of the valve. Previous studies also have used these morphological features
to distinguish taxa within the Amphipleuraceae (Round et al. 1990, Spaulding & Stoermer 1997, Gligora et al. 2009,
Van de Vijver et al. 2010). Girdle bands may also be important in differentiating Pseudofrustulia from related taxa
(Ross & Sims 1978, Round et al. 1990, Spaulding & Stoermer 1997, Gligora et al. 2009, Van de Vijver et al. 2010).
Pseudofrustulia is considered to be a monotypic genus at present.

The most distinctive feature of Pseudofiustulia is a pair of thickened ribs along the raphe in internal view and their
relations with the helictoglossae and the central nodule (Fig. 24). In the internal view of the valves of Pseudofrustulia, a
central nodule, the helictoglossae, and thickened axial ribs are well developed. Although similar structures are common
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in some related taxa from the genera Frustulia, Amphipleura, Muelleria and Envekadea, structure morphology and
their relative positions on the valve differ (Fig. 24). For example, Envekadea metzeltinii Lee et al. (2013: 17) has
a central nodule, helictoglossae and developed ribs in internal view (Lee et al. 2013). However, its helictoglossae
are much smaller than those of Pseudofrustulia, and the internal ribs of Envekadea metzeltinii are fused, forming a
rounded tray at their distal ends. The rounded tray encloses the helictoglossae (Lee et al. 2013). Some typical species
of Frustulia (Graeff et al. 2012) have features similar to those of Pseudofrustulia in an internal valve view, but the
internal ribs are fused with a central nodule and the helictoglossae. Frickea and Muelleria also have internal ribs, but
their ribs are separated from the central nodule and the helictoglossae (Round et al. 1990, Spaulding & Stoermer 1997,
Spaulding et al. 1999, Van de Vijver et al. 2010, Bahls 2014) (Fig. 24).

FIGURES 8-13. Pseudofrustulia lancea. Scanning (8—11) and transmission (12—-13) electron microscopy (SEM, TEM) images. 8. Full
view of the frustule. Central area of the valve edge has a notched feature. 9. Close-up view of the apical area of the valve. 10-13. SEM
and TEM images of close-up views of the valve surface in proximal (10, 12) and distal (11, 13) areas. Scale bars =5 um (8), 2 um (9), 1
pm (10-13).

Another distinctive feature in the valve morphology of Pseudofrustulia is the presence of areolae on the inner side of the
valve between the axial ribs and the raphe (arrows in Fig. 12); other related taxa have no areolae in such positions except for
Frickea (Round et al. 1990). These differences in valve structure are visible only on TEM imagery because Pseudofrustulia
and similar genera have well-developed axial costae on the inner side of their valves (Ross & Sims 1978).

The morphology of the raphe may also help to differentiate related taxa from Pseudofrustulia, but raphe morphology
is probably less important than other features in the concept of other genera. Pseudofirustulia has a simple, straight raphe
at the proximal and distal endings, in both external and internal views. Similarly, Amphipleura has short but simple raphe
features in both external and internal views (Cox 1975, Round ez al. 1990). In contrast, Envekadea and Muelleria are
characterized by oppositely deflected or unilaterally deflected and branched raphes in external view, respectively (Van de
Vijver et al. 2010, Lee et al. 2013) (Fig. 24). These differences appear to be one of several unique diagnostic features used
to identify a specific genus, but the features vary even among species in the present Frustulia. For example, Frustulia is
generally thought to have raphe with T-shaped endings in proximal and distal areas in external view (Round ez al. 1990),
but simple external raphe fissures are also illustrated in Frustulia by Silver and Baskette (2004) and in Frustulia by
Lange-Bertalot (2001; F. spicula Amossé 1932: 8). Frustulia creuzburgensis (Krasske 1927: 271) Hustedt (1957: 256),
F. capitata Graeff et Kociolek (2011: 50), F. latita Graeff et Kociolek (2011: 52), and F. soror Graeft et Kociolek (2011:
54) have deflected raphes at their proximal ends (Graeff & Kociolek 2011).
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FIGURES 14-20. Pseudofrustulia lancea. Scanning (14-16, 18-20) and transmission (17) electron microscopy (SEM, TEM) images.
14-16. Internal views of the frustule. 17—18. Poroid areolae are occluded internally by vela. 19-20. Valvocopula are open and have a series

of slits or pores. Scale bars = 0.5 pm (14, 16-18), 5 um (15), 1 pm (19, 20).

FIGURES 21-23. Pseudofirustulia lancea. 21. Close-up view of valvocopula and pleura having a series of slits and perforations. 22.
Fimbriated valvocopula in internal view. 23. A close-up view of the notched feature. Scanning electron microscopy (SEM). Scale bars =

1 pm (21, 23), 0.5 um (22).
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Pseudofrustulia Frustulia Rabenhorst 1853 Frickea Heiden 1906
Sawai & Nagumo gen. nov. “Typical species Frickea lewisiana
Pseudofrustulia lancea sp. nov. (Graeff et al. 2012)”
Graeff et al. (2012) Patrick & Reimer (1966)
This study Round et al. (1990) Round et al. (1990)
External Internal External Internal External Internal
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—
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Two rows of poroids, A row of poroids, Not well described
notch in valvocopula notch in valvocopula
(e.g. F. cf. krammeri)
Plastids H-shaped H-shaped Not well described
Habitat Brackish i Freshwater-brackish Brackish

FIGURE 24. Generalized sketches comparing features of Pseudofirustulia lancea and other related taxa. Note that this figure does not
completely show the possible variation in morphology within this genus. The morphology of the raphe ends in Frustulia varies (Kociolek
et al. 2011) and Envekadea vanlandinghamii and E. pseudocrassirostris lack developed costae (Gligora et al. 2009).

Although only a few examples have been published, the girdle bands of Pseudofrustulia are likely a diagnostic
feature that can be used to characterize and distinguish this genus from related taxa. Valvocopula of Pseudofrustulia
are open type, and characterized by a series of slits or perforations (Figs. 19-23). The proximal area of the valvocopula
has a feature like an opened window with spikes (Figs. 8 and 23). Frustulia creuzburgensis and F. cf. krammeri have
very similar features, namely notches on their valvocopula (Kociolek et al. 2011, Graeff et al. 2012). In contrast to
Frustulia creuzburgensis, valvocopula on Envekadea do not have any perforations or notches (Gligora et al. 2009). To
properly compare the details of girdle bands among related taxa, more comprehensive studies using EM imagery will
be necessary.
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External Internal

Straight, short

/ /
/ /

LI

Raphe ----

Straight, short

Thickened lip-like,
fused to internal ribs

Two massive ribs along raphe,
fused at central area

Uniseriate

Very regularly spaced poroids,
exterior slit opening, interior
circular aperture

Two rows of poroids

H-shaped

Freshwater

External Internal
Deflected ;
fissure to opposite direction c?ggggtyed toone
: / side
Conical depression. /
Bordered by four slightly Straight

raised plates (Envekadea

bl Helictoglossa

mFused internal ribs
| --Rib

Raphe----

Simple, oval,
sitting on fused internal ribs

Extend from apex to apex, independent
from central area, fused at polar area
(Envekadea metzeltinii )

Uniseriate, continuing over the
face/mantle junction

Large, rectangular, variable size
and shape
Not well described

Not well described

Brackish

External Internal
Branched, or )
unilateral deflection ~ Nodule-like

(reqtelevatu m)

-/ s
/ ‘

Unilateral deflection

u?u ~-Rib

Raphe- -

Simple, independent
from internal ribs

V4
i
Two massive ribs along raphe,

disappeared at central area

Uniseriate, continuing over the
face/mantle junction

Simple round poroids

Non-porous

Not well described

Freshwater-brackish

FIGURE 24. (Continued) Generalized sketches comparing features of Pseudofiustulia lancea and other related taxa. Note that this figure
does not completely show the possible variation in morphology within this genus. The morphology of the raphe ends in Frustulia varies
(Kociolek et al. 2011) and Envekadea vanlandinghamii and E. pseudocrassirostris lack developed costae (Gligora et al. 2009).

We propose Pseudofrustulia lancea to be a monotypic species of Pseudofrustulia. As mentioned above, the
morphologies of specimens in our samples are similar to those in Giffen (1970) and Archibald (1983). Both papers
identified them as Frustulia interposita var. incomperta (formerly Navicula incomperta). Their identifications however
are incorrect because their descriptions and illustrations differ from the original descriptions by Lewis (1865). Lewis
(1865) showed that the size of his Navicula incomperta valves was about 150 pm, whereas our specimens range from
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20 to 70 um. Stria and areola densities of Navicula incomperta are about 28 in 10 um and 22-24 in 10 um, whereas
they range between 30 and 45 pm, 35—40 in 10 pm in our specimens, respectively. This is different from the original
concept of N. incomperta. We conclude that Pseudofrustulia lancea differs from the original Navicula incomperta
sufficiently to be considered a different species.

Pseudofrustulia lancea may be important as an ecological indicator of present and paleo-environments.
Pseudofrustulia lancea is very abundant at some sites in Washington and Oregon. As observed previously along the
Pacific coast, brackish diatom assemblages reflect changes in environmental gradients across salt marshes (Riznyk
1973, McIntire 1973, 1978, Whiting & Mclntire 1985, Nelson & Kashima 1993, Hemphill-Haley 1995, Sherrod 1999).
We did not observe Pseudofrustulia lancea in samples from tidal flats, but this species is abundant in the narrow range
of the high-to-middle marsh. This narrow elevational range suggests that this species may be a reliable indicator of
former high and middle marshes, if found in high abundance as fossils in sediment.

By proposing Pseuodfrustulia as a new genus, our study provides new insights into the taxonomic problems
of Frustulia sensu lato. There has been much discussion as to how to separate taxa within Frustulia in the last few
decades. Round ez al. (1990) offered detailed definitions of valve morphology features (e.g., flat valve face, a shallow
valve mantle, and longitudinal ribs fusing with helictoglossae and central nodule) to classify Frustulia, whereas
Lange-Bertalot (2001) simply defined Frustulia as possessing longitudinal ribs. The diagnosis by Lange-Bertalot
(2001) is probably the most inclusive, but this broad definition makes it difficult to distinguish from the other genera
of the family Amphipleuraceae (Graeff et al. 2012, Reid & Williams 2007). At present, the definition by Round e al.
(1990) can be used to separate many Frustulia species, although there are still some taxa whose morphology do not
fit this definition. For example, Frustulia creuzburgensis (Krasske) Hustedt, F. submarina Hustedt (1936: 406) and
F. neomundana Lange-Bertalot & U. Rumrich in Rumrich et a/. (2000: 135) do not have longitudinal ribs fusing with
the helictoglossae or central nodule (Simonsen 1987, Kociolek et al. 2011, Graeff & Kociolek 2011). Additionally,
as mentioned above, the shapes of the raphe endings vary in some species of Frustulia (Fig. 24). We do not have
enough data to discuss the phylogenetic relationships within Frustulia sensu lato, However, as Graeff et al. (2012)
recognized “typical Frustulia and the others” based on raphe sternum systems, similar features may allow Frustulia to
be separated into typical Frustulia (Frustulia sensu stricto) and other species to be separated based on longitudinal rib
structures.

Acknowledgements

We thank Linda Gerson and Roger Lewis for their help collecting samples at Alsea Bay. Brian Atwater and Emily Smith
helped with fieldwork near Astoria. Sampling was supported by the Earthquake Hazards (Gerson and Nelson at Alsea
Bay; Atwater and Smith at Astoria) and Marine and Coastal Geology (Lewis through Eileen Hemphill-Haley at Alsea
Bay) Programs of the U.S. Geological Survey. Sawai was funded by the Japan Society for the Promotion of Science
(JSPS Postdoctoral Fellowships for Research Abroad). We thank Jessica Pilarczyk for suggesting improvements on
an early version of the manuscript. Comments by journal reviewers and Tina Dura greatly improved this manuscript.
Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S.
Government.

References

Amossé, A. (1932) Diatomées de la Loire Inférieure. Bulletin de la Société des Sciences Naturelles de ’Ouest de la France, (Nantes), 5™
Serie 2: 1-57.

Amspoker, M.C. & Mclntire, C.D. (1978) Distribution of intertidal diatoms associated with sediments in Yaquina Estuary, Oregon. Journal
of Phycology 14: 387-395.
http://dx.doi.org/10.1111/j.1529-8817.1978.tb02457 x

Archibald, R.E.M. (1983) The diatoms of the Sundays and Great Fish rivers in the eastern Cape province of South Africa. Bibliotheca
Diatomologica 1: 1-362.

Bahls, L.L. (2014) New diatoms from the American West—A tribute to citizen science. Proceedings of the Academy of Natural Sciences
of Philadelphia 163: 61-84.

110 « Phytotaxa 267 (2) © 2016 Magnolia Press SAWAI ET AL.



http://dx.doi.org/10.1635/053.163.0109

Cleve, P.T. (1894) Synopsis of the naviculoid diatoms. Part 1. Kongliga Svenska Vetenskaps-akademiens Handlingar 26: 1-194.

Cox, E.J. (1975) A reappraisal of the diatom genus Amphipleura Kutz. using light and electron microscopy. European Journal of Phycology
10: 1-12.
http://dx.doi.org/10.1080/00071617500650011

De Toni, G.B. (1891) Sylloge algarum omnium hucusque cognitarum. Vol. Il. Sylloge Bacillariearum. Sectio 1. Rhaphideae. Typis
Seminarii, Patavii, 490 pp.

Frenguelli, J. (1945) Las Diatomeas de Platense. Revista del Museo del La Plata new series 3: 77-221.

Giffen, M.H. (1970) Contributions to the diatom flora of South Africa IV. The marine littoral diatoms of the estuary of the Kowue River,
Port Alfred, Cape Province. Beihefte zur Nova Hedwigia 31: 259-312.

Gligora, M., Kralj, K., Plenkovic-Moraj, A., Hinz, F., Acs, E., Grigorszky, 1., Cocquyt, C. & Van de Vijver, B. (2009) Observations on
the diatom Navicula hedinii Hustedt (Bacillariophyceae) and its transfer to a new genus Envekadea Van de Vijver et al. gen. nov.
European Journal of Phycology 44: 123—138.
http://dx.doi.org/10.1080/09670260802389783

Graeff, C.L. & Kociolek, J.P. (2011) Investigations of the Frustulia weinholdii species complex with descriptions of three new species, F.
capitata, F. latita, and F. soror from South Carolina and Hawaii. Proceedings of the Academy of Natural Sciences of Philadelphia
161: 43-59.
http://dx.doi.org/10.1635/053.161.0103

Graeff, C.L., Kociolek, J.P. & Burliga, A.L. (2012) Valve morphology of four species of Frustulia (Bacillariophyta), including two
described as new. Phytotaxa 42 (1): 62-76.
http://dx.doi.org/10.11646/phytotaxa.42.1.8

Heiden, H. (1906) Tafel 264. In: Schmidt, A. (Ed.) Atlas der Diatomaceen-Kunde. Reisland, Leipzig, without pagination.

Hemphill-Haley, E. (1995) Intertidal diatoms from Willapa Bay, Washington: Application to studies of small-scale sea-level changes.
Northwest Science 69: 29—45.

Hustedt, F. (1936) Tafel 406. In: Schmidt, A. (Ed.) Atlas der Diatomaceen-Kunde. Reisland, Leipzig, without pagination.

Hustedt, F. (1957) Die Diatomeenflora des Fluss-systems der Weser im Gebiet der Hansestadt Bremen. Abhandlungen der
Naturwissenschaftlichen Verein zu Bremen 34 (3): 181-440.

Kociolek, J.P., Graeff, C.L. & Thomas, E.W. (2011) A description of the frustular morphology of Frustulia creuzburgensis (Krasske)
Hustedt, with comments on its systematic position. Diatom Research 26: 29-41.
http://dx.doi.org/10.1080/0269249X.2011.562421

Krasske, G. (1927) Diatomeen deutscher Solquellen und Gradierwerke. Archiv fiir Hydrobiologie 18: 252-272.

Kiitzing, F.T. (1844) Die Kieselschaligen Bacillarien oder Diatomeen. Zu finden bei W. K6hne, Nordhausen, 212 pp.

Lange-Bertalot, H. (2001) Navicula sensu stricto, 10 genera separated from Navicula sensu lato, Frustulia. Diatoms of Europe 2: 1-526.

Lee, S.S., Tobias, F.A.C. & Van de Vijver, B. (2013) Envekadea metzeltinii sp. nov., a new diatom (Bacillariophyta) species from the
subtropical karstic wetlands of the Florida Everglades, U.S.A. Phytotaxa 115 (1): 15-24.
http://dx.doi.org/10.11646/phytotaxa.115.1.2

Lewis, F.W. (1865) On extreme and exceptional variations of diatoms in some White Mountain localities. Proceedings of the Academy of
Natural Sciences of Philadelphia 1865 17: 7-18.

Main, S.P. & Mclntire, C.D. (1974) The distribution of epiphytic diatoms in Yaquina Estuary, Oregon (USA). Botanica Marina 17:
88-99.
http://dx.doi.org/10.1515/botm.1974.17.2.88

Mclntire, C.D. (1973) Diatom associations in Yaquina estuary, Oregon: a multivariate analysis. Journal of Phycology 9: 254-259.
http://dx.doi.org/10.1111/j.1529-8817.1973.tb04090.x

Mclntire, C.D. (1978) The distribution of estuarine diatoms along environmental gradients: a canonical correlation. Estuarine and Coastal
Marine Science 6: 447-457.
http://dx.doi.org/10.1016/0302-3524(78)90023-3

Mclntire, C.D. & Overton, W.S. (1971) Distributional patterns in assemblages of attached diatoms from Yaquina Estuary, Oregon. Ecology
52: 758-777.
http://dx.doi.org/10.2307/1936024

Moore, W.W. & Mclntire, C.D. (1977) Spatial and seasonal distribution of littoral diatoms in Yaquina Estuary, Oregon (USA). Botanica
Marina 20: 99-109.
http://dx.doi.org/10.1515/botm.1977.20.2.99

Nagumo, T. & Kobayasi, H. (1990) The bleaching method for gently loosing and cleaning a single diatom frustule. Diatom 5: 45-50.

Nelson, A.R. & Kashima, K. (1993) Diatom zonation in southern Oregon tidal marshes relative to vascular plants, foraminifera, and sea

PSEUDOFRUSTULIA LANCEA GEN. ET SP. NOV. Phytotaxa 267 (2) © 2016 Magnolia Press < 111


http://dx.doi.org/10.1016/0302-3524(78)90023-3

level. Journal of Coastal Research 9: 673—697.

Rabenhorst, L. (1853) Die Siisswasser-Diatomaceen (Bacillarien): fiir Freunde der Mikroskopie. Eduard Kummer, Leipzig, 72 pp.
http://dx.doi.org/10.5962/bhl.title.8348

Reid, G. & Williams, D.M. (2007) Some commentary on molecules and morphology, species, and higher taxa in diatoms, with a note on
the relationships of the genus Cistula Cleve. In: Kusber, W.-H. & Jahn, R. (Eds.) Proceedings of the 1st Central European Diatom
Meeting. Botanic Garden and Botanical Museum Berlin-Dahlem, Freie Universitét, Berlin, pp. 135-138.
http://dx.doi.org/10.3372/cediatom.128

Riznyk, R.Z. (1973) Interstitial diatoms from two tidal flats in Yaquina estuary, Oregon, USA. Botanica Marina 16: 113—138.
http://dx.doi.org/10.1515/botm.1973.16.3.113

Ross, R. & Sims, P.A. (1978) Notes on some diatoms from the Isle of Mull, and other Scottish localities. Bacillaria 1: 151-168.

Round, F.E., Crawford, RM. & Mann, D.G. (1990) The Diatoms. Biology & Morphology of the genera. Cambridge University Press,
Cambridge, 747 pp.

Rumrich, U., Lange-Bertalot, H. & Rumrich, M. (2000) Diatoms of the Andes. Iconographia Diatomologica 9: 1-673.

Sawai, Y. & Nagumo, T. (2003) Diatoms from Alsea Bay, Oregon, USA. Diatom 19: 33—46.

Sawai, Y., Horton, B.P., Kemp, A.C., Hawkes, A.D., Nagumo, T. & Nelson, A.R. (2016) Relations among diatoms and tidal environments
in Oregon and Washington, USA. Diatom Research 31: 17-38.
http://dx.doi.org/10.1080/0269249X.2015.1126359

Sherrod, B.L. (1999) Gradient analysis of diatom assemblages in a Puget Sound salt marsh—Can such assemblages be used for quantitative
paleoecological reconstructions? Palaecogeography, Palaeoclimatology, Palacoecology 149: 213-226.
http://dx.doi.org/10.1016/S0031-0182(98)00202-8

Simonsen, R. (1987) Atlas and Catalogue of the Diatom Types of Friedrich Hustedt. Volume 3: Atlas. J. Cramer, Berlin, Stuttgart, plates
396-772.

Spaulding, S.A. & Stoermer, E.F. (1997) Taxonomy and distribution of the genus Muelleria Frenguelli. Diatom Research 12: 95-113.
http://dx.doi.org/10.1080/0269249X.1997.9705405

Spaulding, S.A., Kociolek, J.P. & Wong, D. (1999) A taxonomic and systematic revision of the genus Muelleria (Bacillariophyta).
Phycologia 38: 314-341.
http://dx.doi.org/10.2216/10031-8884-38-4-314.1

Whiting, M.C. & Mclntire, C.D. (1985) An investigation of distributional patterns in the diatom flora of Netarts Bay, Oregon, by
correspondence analysis. Journal of Phycology 21: 655-661.
http://dx.doi.org/10.1111/j.0022-3646.1985.00655.x

Van de Vijver, B., Mataloni, G., Stanish, L. & Spaulding, S.A. (2010) New and interesting species of the genus Muelleria (Bacillariophyta)
from the Antarctic region and South Africa. Phycologia 49: 22—41.
http://dx.doi.org/10.2216/09-27.1

112 « Phytotaxa 267 (2) © 2016 Magnolia Press SAWAI ET AL.



