U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

Taxonomy of recent and fossil (Holocene) diatoms (Bacillariophyta)

from northem Willapa Bay, Washington

by

Eileen Hemphill-Haley!

OPEN-FILE REPORT

93-289

This report is preliminary and has not been reviewed for conformity with Geological Survey
editcrial standards or with the North American Stratigraphic Code. Any use of trade, product, or
firm names is for descriptive purposes only and does not imply endorsement by the U.S.
Govemment.

1. Menlo Park, CA 94025



TABLE OF CONTENTS

ABSTRACT ...ttt ettt ettt e st e s ae st sesesee s et e sres e s ae e s aeeseabscebas casaseerasennnaes i
INTRODUCTION ... .ciiiitieierie ittt cesteserrteee st e cer e saie e e saeesrsrae s e seaesaseeesane e ssaeeeesnesesannearassesnnes 1
Background fOr the StUAY ........coeicimiiiiiiierrr et ettt cs s e 1
Related StUAIES. ...ccooiiiiir ettt st e er e e s et e e e e s s sen 2
METHODS ...ttt et e et e s e s stesesate s st e e e e s smne s suse e sesesssnessrnsneensensana 3
FLORAL LIST ...ttt sttt e e e et st st e sr e s et e es e s sa s seeasssaasasen sracs sureneneeennd 4
ACKNOWLEDGMENTS .....ociiiiiiiiiiirie ettt ettt et aeeae e et e seaee et e sne s smeaesnesesaves s 120
REFERENGCES......coo ottt ettt e siie e ae s sae s s se e st e e e ssasessstassaseessnnnesunaeassneessasesnne 121
EIGURES
Figure 1. Sample locations for modern diatomns in northern Willapa Bay.............ccccoeviiiinnnnnaie. 135
Figure 2. Locations for Holocene outcrops (Sites 1-4) along the Niawiakum River................... 136
TABLES
Table 1. List of diatom species that exceeded 2% of at least one modern or fossil sample. ...... 137
Table 2. Salinity terminology used in this report (modified from Hustedt, 1957).........c.coe..c.. 139
PLATES
o - | (- e O O USSP 141
PIAtE 2 ... .. e e e e e s e e e e s e e e e e s e an e s e e aesanaasanaeeaan s 143
- L (=2 T PP UPPPPTURPR 145
PIALE 4 ... et et e st e et s ta e e et ee e ra e s aee e e sraesaeae e ne e s 147
PIBIE 5 ...ttt e et e s e ettt e e s e e e e aaetere s s ennene e nnnee 149
g ) L O RSP 151



ABSTRACT

Diatoms from modern surface samples and Holocene deposits were collected in northern
Willapa Bay as part of an investigation into the history of Holocene relative sea-level changes in
southwestern Washington. Modern diatoms were collected from lower, middie and upper-
intertidal surfaces at eight localities in northern Willapa Bay, and fossil diatoms were collected from
four outcrops along the Niawiakum River on the east side of Willapa Bay. This report discusses
192 species and varieties from 56 genera that exceeded 2% of at least one modern or fossil
sample. Most species are cosmopolitan and have been reported from other temperate zone
estuaries. However, this report represents the first documentation of 141 of these species for

Willapa Bay.
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INTRODUCTION
Background for the Study

Willapa Bay, in southwestern Washington (Figure 1), is a major Pacific Northwest estuary,
covering approximately 350 km2 during high tide (Major, 1989). Pleistocene terrace deposits on
the eastem shore of Willapa Bay, and Holocene deposits exposed on cut-banks during low tide,
provide a history of Late Quaternary sea-level changes in response to global climatic fluctuations
and eustacy (Kvenvolden et al., 1979; Clifton and Phillips, 1980) and episodic tectonism and
relative sea-level changes during large or great earthquakes along the Cascadia subduction zone
(Atwater, 1987; 1988). Diatoms can benefit paleoecological interpretations of coastal and
estuarine deposits (Palmer and Abbott , 1986) and have been shown to be useful in
paleoecological interpretations in Willapa Bay (Hemphill-Haley, 1992). The purpose of this report
is to document the taxonomy of diatom species in northern Willapa Bay that are applicable to
paleoecological studies of estuarine deposits in southwestern Washington. Because significant
geologic changes in southwestern Washington are associated with relatively young deposits
(e.g., possibly 6 episodes of punctuated sea-level change in the past 3000 yr (Atwater, 1988)),
diatoms recovered from the fossil deposits are likely to have counterparts that exist in the modem
estuary. Willapa Bay was specifically chosen for these studies because, although it has not
completely escaped anthropological influence, it has remained one-of the more pristine estuaries
of the Pacific Northwest, and thus it is possible to document modern diatoms in undisturbed
habitats that should approximate similar ecological settings which existed during the past several
thousand years.

Modern diatoms were collected in surface sediments from eight sampling localities in
riorthem Willapa Bay (Figure 1) and the assemblages were evaluated using Q-mode factor
analysis (Hemphill-Haley, 1992). Over 250 diatom species and varieties were observed in the
surface samples, of which 98 of these exceeded 2% of at least one sample. The modern-

distribution data were then applied to a paleoecological analysis of late Holocene relative sea-level



rise related to coastal neotectonics in Willapa Bay (Hemphill-Haley, 1992). A total of 259 different
species and varieties were identified at four outcrops along the Niawiakum River, on the east side
of Willapa Bay (Figure 2), of which 129 exceeded 2% of at least one fossil sample. Because there
are species in common to both studies, the combined modern and fossil analyses identified 192

that exceeded 2% of at least one sample.

Related Studies

Previous studies of benthic marine and estuarine diatoms from temperate regions
worldwide benefited this project. Classic works by Hustedt (1930; 1927-66; 1939; 1955; 1957),
Brockmann (1950), Hendey (1964), and Patrick and Reimer (1966; 1975) were essential for
ecological and taxonomic descriptions, as were the more recent monographs by Krammer and
Lange-Bertalot (1985; 1986: 1987; 1988), Lange-Benrtalot and Krammer (1987; 1989), Foged
(1978; 1979; 1981), Germain (1981) and John (1983). Round (1971), Mcintire and Moore
(1977), and Round et al. (1990) provided habitat definitions, as well as an extensive literature
compilation.

Various ecological and taxonomic studies from Oregon have contributed to the
understanding of Pacific Northwest diatoms. These include a series of studies from Yaquina
estuary (Mcintire and Overton, 1971; Riznyk and Phinney, 1972; Mcintire, 1973; Riznyk, 1973;
Mclintire and Reimer, 1974; Main and Mcintire, 1974; Moore and Mcintire, 1977; Amspoker and
Mcintire, 1978), Netarts Bay (Whiting, 1983; Whiting and Mcintire, 1985), the Columbia River
estuary (Amspoker and Mcintire, 1986), and the Oregon coast (Castenholz, 1962; 1963).
Important taxonomic studies from elsewhere along the west coast of the U.S. includes Laws
(1988) for San Francisco estuary, and Rao and Lewin (1976) for False Bay, San Juan island,
Washington. Tynni (1986) listed 106 species from a single tidal flat sample collected at Ledbetter

Point, near the mouth of Willapa Bay.



This report represents the documentation of 141 species previously undocumented in

Willapa Bay. The majority of the diatoms listed are cosmopolitan, suggesting that diatom

distributions in Willapa Bay are correlative with

and probably worldwide.

METHODS
Modern intertidal diatoms from norther

uppermost 1-2 millimeters of the surface sedi

other tenjperate estuaries in the Pacific Northwest,

n Willapa Bay were collected by scraping the

ent with a small spatula along four leveled

transects, two tidal flats, and two salt marshes Hemph::LHaley, 1993; Figure 1). Diatoms collected

in the field (excluding Toke Point samples that dried o

were stained for evidence of intact

cytoplasm and mounted using the Taft Syrup Mount (TéM) method (Stevenson, 1984). The cells

were stained by diluting the sample in 20 ml of|distilled H20, and adding approximately 10 mg of

Fast Green FCF cytoplasm stain. After 24 hou

the sample was cleaned of excess stain by

rinsing, centrifuging, and decanting until the supernatant remained relatively clear. The sample

was then diluted to 5 ml, and a 0.1 ml aliquot transferredito a glass cover slip with a drop of the

TSM medium, and allowed to dry. Cover slips

were mouinted on slides by inverting the cover slip

on a warmed slide, and tapping it down. The édges of t+e cover slip were sealed with clear

fingernail polish. Although samples prepared b
cleaned samples mounted in a high refractive-

taxonomic identification of most species (parti

potential) and identification of previously live v

)y this method are not as easy to work with as acid-

ndex medium such as Hyrax, it does facilitates both

cularly heavily-silicified taxa with good fossilization

. empty diatom frustules in a sample. Live (stained)

and dead (unstained) diatoms were tabulated s a means of identifying possible allochthonous

(i.e., reworked) valves in surface assemblage
Holocene samples were collected fro

River (Hemphill-Haley, 1992).

Diatom strewnr[

measured outcrop surfaces along the Niawiakum

lides were processed by the following method: 1)



approximately 1 cc of sediment was dried and weighed; 2) organic debris was removed by gentle
heating in concentrated nitric acid; 3) acid was removed and the sample was neutralized by
repeated rinses in distilled water; 4) the total sample volume was reduced to 5 ml; 5)an 0.05to
0.10 mi aliquot was transferred to a cover slip and aliowed to dry; 6) the cover slip was permanently
fixed to a glass slide using Hyrax.

Photomicrographs were produced with an Olympus BH-2 microscope and PM-10AK
automatic exposure photomicrographic system using Kodak Tmax 100 film, at magnifications of

600x and 1250x.

FLORAL LIST

As noted by Laws (1988), the increased use of the electron microscope in recent years
has resulted in great modifications to the classic diatom literature. An effort was made to include
recent taxonomic revisions that have gained acceptance in the field (e.g., Lange-Bertalot, 1977,
1980a,b; Lange-Bertalot and Simonsen (1978); Simonsen (1979), Krammer and Lange-Bertalot
1986, 1988). Round et al. (1990) have introduced major revisions to many diatom genera, but
except for a few taxa these changes are not listed first in this report in favor of the generally
accepted species names now in use. However, the Round et al. (1990) revisions are provided as
synonyms in anticipation of their potential future usage.

The taxa are listed alphabetically, which is a convenient and widely-used format in diatom
biostratigraphy (see also Riznyk (1973), Laws (1988), the numerous volumes by Foged, and the
Deep-Sea Drilling Project and Ocean Drilling Program volumes). The listing for each species
includes a reference to a detailed taxonomic description and the valve dimensions from that
description; auxillary references are also provided. The ecology is based on a consensus from the
literature, and my observations in Willapa Bay. Salinity terminology (Table 2) is modified from

Hustedt (1957). Distributions in modern surface samples and Holocene fossil deposits in Willapa



Bay are discussed, plus references to other occurrences in the Pacific Northwest, and in

temperate areas worldwide. Finally, general

servations on taxonomy, ecology, taphonomy, etc.

for each species are provided. Designations for intertidal zones are from Hemphill-Haley (1992),

and are as follows: upper intertidal = areas be

een extreme high water (EHW) and mean higher

water (MHHW) (i.e., high marshes); middle intertidal = areas between MHHW and mean lower high

water (MLHW) (i.e., low marshes); lower imertTal = are#s below MLHW, including unvegetated
|

channel banks and tidal flats, and Zostera (ee

grass) beds. Designations for relative frequencies

are as follows: 1) very rare, < 2% relative to the total asspmblage; 2) rare, 2-4.99%; 3) frequent, 5-

9.99%; 4) common, 10-33%; 5) abundant, > 3|

plates are as follows: L= length, W = width, Str

3%. M#reviations used for the descriptions and

= striae, I*M =in 10 um, RV =raphe valve, RLV =

rapheless valve, Diam = diameter, WB = Willap$ Bay. }

ACHNANTHES Bory 1822

Achnanthes brevipes Agardh 1824

Description: John, 1983, p. 68, pl. 29, fig. 1-14.

|
|
|

Hustedt, 1927-66, Ii, p. 424-426, fig. 877a-c; Hendey, *964, p. 174-175, pl. 28, fig. 7-8; Riznyk,

1973, p. 3, pl. 1, fig. 1; Mclntire and Reimer, 1974, p. 1?1; Foged 1978, p. 23, pl. 15, fig. 13-13,

18-20, pl. 16, fig. 2, 6-8, 17; Jensen, 1985, p.

22.

Dimensions: L: 15-125 ym. W:5-15 um. Str:B-11 ITM

Ecology: Epiphyte; a—mesohalobous/polyhalobous.

368, fig. 877d,e; Laws, 1988, p. 152, pl. 17, fig.

Distribution: WB: Observed on only a few ouIsions in brackish muddy intertidal deposits.
ecie!

Hendey (1964, p. 174): “sessile littoral sp

common in estuaries and harbours where less

than fully saline conditions obtain.” John (1983, p. 68): “One of the most common epiphytic

diatoms in the Swan River estuary.” Cosmopg

litan.




Bemarks: A strongly polymorphic species with transitional forms that may be difficult to distinguish

from its varieties (Foged, 1978; John, 1983).

Achnanthes brevipes Agardh var. intermedia (Kitzing) Cleve 1895

(Plate 1, Figure 1)

Description: Mcintire & Reimer, 1974, p. 171, pl. 2, fig. 8a,b; pl. 3, fig. 2a,b.

Hustedt, 1927-66, I, p. 425, fig. 877d,e; Foged 1978, p. 23, pl. 15, fig. 13-14, 18-20; 1979, p.
18, pl. 15, fig. 14; John 1983, p. 68, pl. 29, fig. 10-11; Jensen, 1985, p. 369, fig. 877d,e; Laws,
1988, p. 152, pl. 17, fig. 17-19.

Dimensions: L:30-125 um. W: 12-30 um. Str: 9-10 ITM.

Ecology: Epiphytic; a—mesohalobous/polyhalobous.

Distribution: WB: Observed live specimens of var. intermedia attached to Zostera marina; also in
intertidal samples near Zostera beds. Cosmopolitan.

Bemarks: Apparently differs from A. brevipes by the more linear valve, absence of constriction at

the middle, and smaller overall size.

Achnanthes delicatula (Kitzing) Grunow in Cleve and Grunow 1880

Description: John, 1983, p. 70, pi. 30, fig. 3-4.

Hustedt, 1927-66, I, p. 389, fig. 836; Foged 1978, p. 24, pl. 15, fig. 11a,b; Germain, 1981, p.
114, pl. 42, fig. 10-15; Jensen, 1985, p. 339, fig. 836.

Dimensions: L: 10-15um. W:6-9 um. Str: 14-16 ITM (RV); 16-17 ITM (RLV).

Ecology: Epipsammic. Mesohalobous, euryhaline; pH circumneutral (Foged, 1978).
Distribution: WB: Observed most frequently in sandy tidal flat samples. John (1983, p. 70)

observed this taxon in “periphytic samples” of the lower Swan River estuary. Cosmopolitan.



Bemarks: John (1983, p. 70) noted that the differences between A. delicatula and A. haukiana
var. rostrata are subtle, with A. haukiana var. rastrata being more robust. A. delicatula is more

common than A. haukiana in tidal flat sediments of Willa;?a Bay.

Achnanthes haukiana Grunow in Cleve and Grunow 1880

|
Syn: Achnanthes delicatula spp. haukiana La ge-Berta}ot and Ruppel 1980.

Description: Patrick & Reimer, 1966, p. 267, pl. 17, fig. E3-24.
Hustedt, 1927-66, |l, p. 388, fig. 834; Foged, 1978, p. ?5, pl. 15, fig. 9; Lange-Bertalot and
Ruppel 1980, p. 6, pl. 1, fig. 1-20; Jensen, 1985, p. 33&, fig. 834; Laws, 1988, p. 153, pl. 17, fig.

14; Laws, 1988, p. 153, pl. 17, fig. 14; Lange-Bertalot and Krammer, 1989, p. 45, pl. 87, fig. 14-

23 (as A. delicatula spp. haukiana).
Dimensions: L:9-31 um. W: 5-9 um. Str: 10-15 ITM.
Ecology: Epipsammic; epiphytic. Oligohalol s/mesortalobous. Patrick and Reimer (1966, p.
269): “Found most commonly in slightly to moderately brackish water, also reported from inland
freshwater areas with relatively high specific conductivity.”

Distribution: WB: Common in oligohalobous/ esohalobFus lower and middle intertidal samples of
the South Fork Willapa, Willapa and Niawiakum rivers. Not important in open tidal flat samples, nor
recorded by Riznyk (1973) for tidal flats in Yaquina estu$ry. Reported by Laws (1988, p. 153) for
San Francisco estuary: “Intertidal mud flats near areas \;Jhem creeks enter Bay.” Cosmopolitan.
Bemarks: Patrick and Reimer (1966, p. 268) note that ‘. haukiana is "best distinguished by the
coarse striae, at least some of which are usually wedge+shaped or conical..." Lange-Bertalot and
Krammer (1989) consider this taxon a subspegies of A. delicatula. Similar to A. delicatula, but
differs in the coarser striae and linear-lanceoiate (versus inarrow linear) axial area. Also similar to

the marine tidal flat species A. oregonensis Riznyk. Not observed as frequently as the variety

rostrata.




Achnanthes haukiana var. rostrata Schulz 1926

Description: Patrick & Reimer, 1966, p. 269, pl. 17, fig. 33-34. Hustedt, 1927-66, ll, p. 388; John,
1983, p. 71, pl. 30, fig. 7-10; Jensen, 1985, p. 338; Laws, 1988, p. 153, pl. 17, fig. 11-13, 15.
Dimensions: L; 10-15 um. W:5-6 um. Str: 12-14 ITM.

Ecology: Same as A. haukiana.

Distribution: WB: Common in oligohalobous/mesohaiobous lower and middle intertidal samples
with A. haukiana.

Bemarks: Differs from A. haukiana by the produced sub-rostrate apices, and the irregular shape of
the central area. John (1983): “This taxon resembles A. delicatula (Kitz.) Grunow. But (A.
delicatula) has a higher striae density and the striae appear less coarse than those in the present

taxon.”

Achnanthes lanceolata (Brébisson) Grunow 1880

Description: Patrick & Reimer, 1966, p. 269, pl. 18 fig. 1-10.

Hustedt, 1927-66, Il, p. 408, fig. 863a-d; ; Riznyk, 1973, p. 115, pl. 1, fig. 4-5; Foged, 1978, p.
26, pl. 15, fig. 4,5; Germain, 1981, p. 115, pl. 44, fig. 1-18; Foged 1981, p. 49, pl. 12, fig. 11-12,
23-24; John, 1983, p. 73, pl. 31, fig. 13-16; Jensen, 1985, p. 354, fig. 863a-d; Laws, 1988, p.
153, pl. 17, fig. 20; pl. 25, fig. 8,9; Lange-Bertalot and Krammer, 1989, p. 83, pl. 84, fig. 1-16.
Dimensions: L:12-31 um. W:4.5-8 um. Str: 11-14 [TM.

Ecology: Epipsammic; epiphytic. Oligohalobous (indifferent); alkaliphilous; cosmopolitan (Foged,
1978).

Distribution: WB: Most commonly observed attached to mineral grains and plant fragments in
sandy, oligohalobous and B—mesohalobous channel bank and marsh samples from the South
Fork Willapa and Willapa Rivers. Cosmopolitan.

Bemarks: The horseshoe-shaped hyaline marking on the pseudoraphe valve is a distinguishing

feature of the species. Morphologically variable (John, 1983).



Achnanthes lanceolata var. dubia Grunow 18&0
Syn: Achnanthes lanceolata var. rostrata (Qstrup) Hustedt 1911

Description: Patrick and Reimer, 1966, p. 271, pl. 18, fig. 11-15.

Lange-Bertalot and Krammer, 1989, p. 86, pl. 84, fig. 2&-40; pl. 87, fig. 1-4.

(As A. lanceolata var. rostrata ): Hustedt, 1927-66, li, p. 410, fig. 863i-m; Jensen, 1985, p. 356,
fig. 863i-m; Foged (1978, p. 27, pl. 15, fig. 7.
Dimensions: L: 8-16 um. W:3.6-5um. Str: 10-14 ITM.

Ecology: Same as A. lanceolata.
Distribution: WB: Found with A. lanceolata. Also observed in pure clusters attached to plant debris
in freshwater samplies from the South Fork Wlapa River. This agrees with Hustedt (1927-66 in
Jensen, 1985, p. 356) who noted that “var. [dubia] is frequently found in “pure” blooms and in
many areas, as the only form...” |
Bemarks: Differs from A. lanceolata by having produced subrostrate apices; also shows the
distinctive horseshoe-shaped hyaline area on pne margin.
|

|

Achnanthes minutissima Kutzing 1833
.9-10.

Description: Patrick and Reimer, 1966, p. 253‘ pl. 16, fi

Hustedt, 1927-66, 1I, p. 376, fig. 820a-c; Germain, 1981 , p.- 109, pl. 41, fig. 12-19; John, 1983, p.
74, pl. 32, fig. 3-4; Jensen, 1985, p. 329, fig. 820a-c; Lange-Bertalot and Krammer, 1989, p. 103,
pl. 51, fig. 1-20.

Dimensions: L:5-40 pm. W:2-4 um. Str: 30-38 ITM.
Ecology: Epipelic. Oligohalobous (indifferent); alkaliphjious. (Foged, 1981).

Distribution: WB: Widely distributed in marsh and intertigal channel bank samples where salinities

ranged between 5-25%.. Cosmopolitan.




Bemarks: Patrick and Reimer (1966, p. 252) noted that: “There are several small Achnanthes
species (especially A. linearis, A. affinis, A. microcephala, and A. minutissima) which all appear very
similar upon casual observatio.n. Rather great care must be taken to keep them separate when
they appear as a mixed population. There is a need for continued taxonomic and morphological
work in this area to determine the accuracy of the present separation.” Lange-Benrtalot and
Krammer (1989) later provided morphological analysis of a variety of small Achnanthes, and
defined a series of new combinations in the “Achnanthes minutissima Complex.” It is generally
difficult to separate the varieties of A. minutissima , and for biostratigraphic purposes may not be

informative as the varieties occur together.

Achnanthes minutissima var. affinis (Grunow) Lange-Bertalot 1989

Syn: Achnanthes affinis Grunow 1880

Description: Patrick & Reimer, 1966, p. 254, pl. 16, fig. 11-12 (as A. affinis).

Hustedt, 1927-66, II, p. 376, fig. 826; Germain, 1981, p. 110, pl. 41, fig. 22-34; Jensen, 1985, p.
332, fig. 826; Lange-Bertalot and Krammer, 1989, p. 104, pl. 53, fig. 22-37; pl. 56, fig. 5-7.
Dimensions: L: 14-23 um. W:3-4 um. Str: 27-30 ITM.

Ecology: Same as A. minutissima.

Distribution: WB: Same as A. minutissima. Hustedt (in Jensen, 1985, p. 333): “Distributed
throughout all of Europe in fresh water and in weakly saline waters of the interior.”

Bemarks: Lange-Bertalot and Krammer (1989) included this taxon in their “Achnanthes
minutissima complex.” Hustedt (in Jensen, 1985, p. 333) noted that for A. affinis “especially the
rapheless valve may easily be confused with A. minutissima.” Differs from the nominate variety in
that the striae are more parallel on the rapheless valve, and striae are interrupted by a transverse

central area on the raphe vaive.
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Achnanthes petersenii Hustedt 1937

Syn: Achnanthes linearis (W. Smith) Grunow 1880

Description: Patrick & Reimer, 1966, p. 251, pi. 16, fig. F-4 (as A. linearis).

Hustedt, 1927-66, I, p. 378, fig. 821a,b; Germain, 19%1,p. 110, fig. 35-37; Jensen, 1985, p.
329, fig. 821a,b; Lange-Bertalot and Krammer, 1989, p" 117, pl. 65, fig. 18-44; pls. 66, fig. 4-7.
Dimensions: L: 10-20 pm. W: 2.5-3.5 um. Str] 24-29 ITM (RV); 23-29 ITM (RLV).

Ecology: Epipelic. Oligohalobous (indifferent) (Foged, 1981).

Distribution: WB: Observed in oligohalobous, mesoh%ﬂobous jower and middle intertidal
\

|

ntral aréa (Lange-Bertalot and Krammer, 1989).

samples.

Bemarks: May or may not show a transverse

Achnanthes pusilla (Grunow) De Toni 1891

Syn: Achnanthes linearis var. pusilla Grunow 1880

Description: Patrick & Reimer, 1966, p. 252, p| 16, fig. 5+6 (as A. linearis var. pusilla).

Hustedt, 1927-66, Ii, p. 379, fig. 821c,d; Jensen, 1985, p. 330, fig. 821¢,d; Lange-Bertalot and
Krammer, 1989, p. 127, pl. 64, fig. 31-43; pl. 65, fig. 1.

Dimensions: L: 13-17 pm. W: 3-4 um. Str: 20-27 ITM (RV); 18-27 ITM (RLV).

Ecology: Epipelic; oligohalobous (indifferent).

Distribution: WB: Observed in oligohalobous and p-m sohalobous lower and middle intertidal
samples. Cosmopolitan.
Bemarks: The valve shape, paralle! striae, and orbicular central area are distinctive. Hustedt (in
Jensen, 1985, p. 330) reported that in northern Europe this taxon “is found generally as the most

common form of the genus Achnanthes.”

1




ACTINOCYCLUS Ehrenberg 1837

Actinocyclus curvatulus Janisch in Schmidt 1878

Syn: Coscinodiscus curvatulus Grunow in Schmidt 1878

Description: Hustedt, 1927-66, |, p. 538, fig. 307.

Schrader, 1973, pl. 19, fig. 2; Sancetta, 1982, p. 222, p!. 1, fig. 1-3.

As C. curvatulus: Hustedt, 1930, p. 406, fig. 214; Hendey, 1964, p. 81; Riznyk, 1973, p. 120, pl.
6, fig. 1; Laws, 1988, p. 157, pl. 9, fig. 3,4.

Dimensions: Diam: 96-160 um. Areolae: 5-6 ITM near the center, 8-9 (12) iTM near the margin.
Ecology: Planktonic; polyhaiobous. A common pelagic species north of the Subarctic Front
(Sancetta, 1982).

Distribution: WB: Rare in Holocene sediments. Hendey (1964, p. 81): “A common neritic species
on all European coasts, North Sea coasts, English Channel; widespread.”

Bemarks: Identified by the large flat valve with areolae in curved fascicles. Presumably

allochthonous from the open ocean.

Actinocyclus kutzingii (Schmidt) Simonsen 1975

Syn: Coscinodiscus kutzingii Schmidt 1878

Description: John, 1983, p. 27, pl. 9, fig. 5.

Simonsen, 1975, p. 92.

(As C. katzingii): Hustedt, 1930, p. 398, fig. 209; Hendey, 1964, p. 81; Rao and Lewin, 1976, p.
177, fig. 45.

Dimensions: Diam: 35-45 um. Areolae: 6-7 ITM near the center, 7-10 near the margin.

Ecology: Planktonic. Polyhalobous. Rao and Lewin (1976, p. 177): “Probably planktonic and left

as deposit in the epipelic community.”



Distribution: WB: Rare in Holocene sediments; modern distribution not recorded. Hendey (1964,
p. 81): "A common neritic species on all European coasts, North Sea coasts, English Channel;
widespread.” Cosmopolitan.

Remarks: Distinguished by areolae in radiate fascicles that decrease in size toward the margins,

and smaller marginal areolae in decussate patterns, concave toward the margin.

Actinocyclus normanii (Gregory) Hustedt 195

Syn: Coscinodiscus normanii Gregory in Greville 1859
Description: John, 1983, p. 28, pl. 9, fig. 6-9. |
Hustedt, 1957, p. 218, fig. 5,6; Laws, 1988, p. 153, pl. B, fig. 1-3, 7, 9 11, 12.

(As C. normanii): Hendey, 1964, p. 80

Dimensions: Diam: 25-45 um. Areolae: 14-16 near the center; 18-20 at the margin.

Ecology: Planktonic, mesohalobous (Schrader, 1978).

Distrbution: WB: rare in modern lower intertigal sedim%nts; rare in Holocene deposits. Abundant
in fossil deposits and present in modern deposits of Sah Francisco estuary (Laws, 1988). Hendey
(1964, p. 80): “Common in plankton of the Narth Sea.”i

Bemarks: Distinguished by the concentrically undulate Lalve face. Also, the areolae are arranged

into alternating larger and smalier fascicles that give the areolation a somewhat erratic appearance.

Marginal processes are associated only with large fascic#les.
|

ACTINOPTYCHUS Ehrenberg 1841
Actinoptychus adriaticus Grunow 1863
Syn: Actinoptychus vulgaris Schmidt 1888
Description: Hustedt, 1927-66, |, p. 480, fig. 267.

Foged, 1978, p. 30, pl. 4, fig. 4.




(As A. vulgaris): Sancetta, 1982, p. 225, pl. 1, fig. 8; John, 1983, p. 29, pi. 10, fig. 10,11.
Dimensions: Diam: 20-60 um.

Ecology: Tychoplanktonic. Polyhalobous. (Foged, 1981).

Distribution: WB: A few valves observed in subtidal samples from the Niawiakum River channel;
also in late Holocene deposits in the Niawiakum River valley. John (1983, p. 29): “Rare, coliected
from [brackish to marine] station in planktonic and benthic forms.” Cosmopolitan.

Bemarks: Distinguished by narrow-triangular sectors without a bifurcating hyaline line, a hyaline

space on the margin of the lowered sectors.

Actinoptychus marmoreus Brun 1891

Description: Schmidt et al., pl. 153, fig. 14.

Riznyk, 1973, p. 116, pl. 1, fig. 11; Tynni, 1986, p. 15, pl. 9, fig. 38.

Dimensions: Diam: 45-75 um.

Ecology: Tychoplanktonic. Polyhalobous. (Foged, 1981).

Distribution: WB: Observed thus far from late Holocene deposits; modern distribution not
recorded. Riznyk (1973, p. 116) recorded it as very rare from a tidal flat in Yaquina estuary, and
Tynni (1986) recorded it in his tidal flat sample from Ledbetter Point. Cosmopolitan.

Bemarks: Distinguished by a robust valve with 8 to 12 alternating raised and lowered sectors,
raised sectors bisected by a hyaline line extending from the hyaline central area. Tynni (1986, p.
15): “A spotted surface is typical of the species. This feature is not well developed in the eroded

10-sector form encountered in the sediment of Long Beach.”

Actinoptychus senarius Ehrenberg 1843

(Plate 1, Figure 2,3)

Syn: Actinoptychus undulatus (Bailey) Ralfs in Pritchard 1861
Description: Hendey, 1964, p. 95, pi. 23, fig. 1-2.
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Rao and Lewin, 1976, p. 179, fig. 42; Laws, 1b88, p. 153, pl. 13, fig. 1-4,7.
(As A. undulatus): Hustedt, 1927-66, |, p. 475, fig. 264.

Dimensions: 20-86 pm.

Ecology: Tychoplanktonic. Polyhalobous (Faged, 1981).

Distribution: WB: Observed most commonly in tideflat st mples, but also observed in brackish
muddy intertidal samples (due to planktonic tr nsport?)F Hendey (1964, p. 95): "...widely spread
throughout north temperate seas and commonh in the neritic plankton... never abundant but
hardly ever absent from littoral gatherings taken at almoLt any time of the year.” Cosmopolitan.
Bemarks: A. senarius is a tychoplanktonic species comhon in the plankton or the benthos
(Schuette and Schrader, 1979). Therefore it is not evident if its occurrence in tideflat samples
documents a benthic habitat, or if it is simply fI\ered out of the phytoplankton. It is probably best

used as an indication of elevated salinity, and possibly of evidence of planktonic transport. Riznyk

(1973, p. 116) recorded it as common in tideﬂ#t samples from Yaquina estuary; Whiting (1983, p.
129) noted its occurrence only in planktonic s#mples in|Netarts Bay. John (1983, p. 29) reported it
as common in both planktonic and benthic erckish to marine samples. Hendey (1964, p. 95)
considered this species as common, but nevér abunda‘ , member of the neritic plankton, and
Pankow (1976) reported it as “Planktonic, pol‘ halobou#, meioeuryhaline.” Laws (1988, p. 153)
recorded it as the dominant species in some samples (Yerba Buena mud) from San Francisco

Bay. Rao and Lewin (1976, p. 179) noted it “Occurred in the epipelon. Very rare.”

Actinoptychus splendens (Shadbolt) Ralfs in Pritchard 1861
Description: John, 1983, p. 29, pl. 10, fig. 5-9.
Hustedt, 1927-66, |, p. 478, fig. 265; Cupp, 1943, p. 67, fig. 30, pl. 5, fig. 2; Hendey, 1964, p.
95, pl. 22, fig. 1; Foged 1978, p. 30, pl. 4, fig.|1; Laws, 1988, p. 154, pl. 13, fig. 5-6.

Dimensions: Diam: 50-140 um.
Ecology: Tychoplanktonic. Polyhalobous (Foged, 1978).




Distribution: Observed in late Holocene deposits in Niawiakum River valley, associated with A.
senarius. Not identified in modern WB surface samples. According to Laws (1988, p. 154), its
distribution is “Same as A. senarius.”

Bemarks: This is a large tychoplanktonic species, distinguished by the high number of sectors
(can be up to 20), the difference in the structure between the raised and lowered sectors, the
stellate hyaline central area, and the sharp hyaline invaginatio'n from the central area into the

depressed sectors.

AMPHORA Ehrenberg ex Kitzing 1844

Amphora coffeiformis (Agardh) Katzing 1844

Description: Patrick & Reimer, 1975, p. 78, pl. 14, fig. 11-12.

Hustedt, 1930, p. 345, fig. 634; Hendey, 1964, p. 264; John, 1983, p. 149, pl. 61, fig. 8-11;
Jensen, 1985, p. 797, fig. 634; Krammer & Lange-Bertalot, 1986, p. 347, pl. 151, fig. 1-6.
Dimensions: L: 13-60 um. W:3.5-7 um. Str: 20-25 ITM.

Ecology: Epiphytic, periphytic; mesohalobous. (John, 1983). Patrick and Reimer (1975, p. 79):
"Found only in habitats with rather high conductivity such as estuaries, springs, soil. Mesohalobe;
alkalibiont.” Cosmopolitan coastal brackish water form and in saline water of the interior with high
electrolyte content (Krammer and Lange-Bertalot, 1986).

Distribution: WB: Rare in Holocene samples. Cosmopolitan.

Remarks: Distinguished by the protracted subcapitate to capitate apices, arched dorsal margin

and nearly straight ventral margin, and the gently-radiating striae.

Amphora libyca Ehrenberg 1840

(Plate 1, Figure 4)

16



Syn: Amphora ovalis var. affinis (Katzing) Van Heurck 1880; Amphora ovalis var. libyca
(Ehrenberg) Cleve 1895 ‘
Description: Krammer and Lange-Bertalot, 1986, p. 345, pl. 149, fig. 3-11.

(As Amphora ovalis var. affinis): Hustedt, 1930, p. 342, fig. 628; Patrick and Reimer, 1975, p. 69,

pl. 13, fig. 3-4; Foged, 1978, p. 33, pl. 36, fig. 11; John, 1983, p. 152, pl. 62, fig. 11,12.

(As Amphora ovalis var. libyca): Foged, 1981, p. 54, pl. 45, fig. 3; Krammer, 1980, p. 209, fig. 4,

!

12-20.
Dimensions: L:20-80 um. W: 14-35 um. Str: 11-15 lTN‘.

Ecology: Epiphytic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981).

Distribution: WB: Rare in Holocene samples from the lower Niawiakum River. Cosmopolitan.
Bemarks: Distinguished by the shape of the frustule, the filiform raphe with central and apical

fissures turned dorsally, and the dorsal striae interrupted at the middie by a hyaline space.

Amphora mexicana A. Schmidt 1874

Description: John, 1983, p. 154, pl. 53, fig. 4-12.
Dimensions: L: 60-140 um. W: 17-30 um. Str: 8-9 ITM|

Ecology: Epipelic. Mesohalobous.
Distribution: WB: Rare in fossil samples from the lower Niawiakum River. Rare in mesohalobous

samples from the Swan River estuary (John, 1983).

Bemarks: Distinguished by the large vaive with a strongly biarcuate raphe, the prominent semi-

elliptical central nodule and the coarse striae interrupted by undulate longitudinal lines.

Amphora pediculus (Kitzing) Grunow 1880
Syn: Amphora ovalis var. pediculus (Kutzing) Van Heurck 1885
Description: Krammer and Lange-Bertalot, 1986, p. 34l6, pl. 150, fig. 8-13.
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As Amphora ovalis var. pediculus: Hustedt, 1930, p. 343, fig. 629; Patrick & Reimer, 1975, p. 69,
pl. 13, fig. 5a-6b; Foged, 1981, p. 54, pl. 45, fig. 10; John, 1983, p. 153, pl. 42, fig. 13, 14;
Jensen, 1985, p. 795, fig. 629.

Dimensions: L:5-18 um. W:2-4 um. Str: 18-25 ITM.

Ecology: Epiphyte. Oligohalobous (indifferent); alkaliphil (Foged, 1981).

Distribution: WB: Observed in channel bank samples Cosmopolitan.

Remarks: Differs from A. libyca by the smaller size, more linear raphe, and more rectangular dorsal

hyaline area.

Amphora proteus Gregory 1857

(Plate 1, Figure 5)

Description: John, 1983, p. 153, pl. 63, fig. 1-3.

Hendey, 1964, p. 262; Riznyk, 1973, p. 117, pl. 2, fig. 8; Foged, 1978, p. 34, pl. 36, fig. 12.
Dimensions: L:27-48 um. W: 5-7.5 um. Dorsal Str: 16-18 ITM. Ventral Str: 14-16 ITM.
Ecology: Epipelic; epiphytic. Polyhalobous (Foged, 1978).

Distribytion: WB: Common in sandy tidal-flat and marsh-edge samples of the open bay; rare in
Holocene samples. John (1983, p. 153): Common epiphyte at the lower stations of Swan
River...” Whiting (1983, p. 130): Common in benthic samples, but absent from epiphyte (Zostera)
samples in Netarts Bay. Very common in tidal flat samples from Yaquina estuary (Riznyk, 1973).
Cosmopolitan.

Bemarks: Similar in some respects to the oligohalobous species Amphora libyca , but the ventral

margin is more concave and striae on the dorsal margin are not interrupted by a hyaline area.

Amphora ventricosa (Gregory) Hendey 1951
Syn: Amphora angustata (Gregory) Cleve
Description: John, 1983, p. 156, pl. 64, fig. 7,8; pl. 65, fig. 1-10; pl. 66, fig. 1,2.



Hendey, 1951, p. 70, pl. 9, fig. 6; Hendey, 1964, p. 269, pl. 38, fig. 12; Foged, 1978, p. 34, pl.
38, fig. 9, 10; Laws, 1988, p. 154, pl. 27, fig. q

(As Amphora angustata (Gregory) Cleve): Brackmann, 1950, p. 23, pl. 4, fig. 18.

Dimensions: L:25-80 um. W:6-14 um. Str: 12-18 ITM}L

Ecology: Epipsammic; epipelic; a—mesohalobous/polyhalobous. Polyhalobous; cosmopolitan.”
(Foged, 1978). Marine water, euryhaline (Brockmann, 1950).

Distribution: WB: Common in sandy lower intertidal samples of the open bay; rare in Holocene

samples. (1988, p. 154): "Frequent and widespread in Recent sediments, especially from

intertidal mud flats and salt marshes in central and southem San Francisco Bay." Cosmopolitan.

Bemarks: Distinguished by the valve shape, straight ventral margin, axial area narrowing towards
the apices, and the straight raphe branches. John (19 ‘3) reported variability in the shape of the
valve and striae density in populations from different sal ‘nilies. More saline forms, similar to the

Willapa Bay specimens, tended to be more narrowly lanceolate in shape, with broad axial areas,

and denser, more parallel striae.

AULACOSEIRA Thwaites 1848

Aulacoseira ambigua (Grunow) Simonsen 1979
Syn: Melosira ambigua (Grunow) Miller 1903
Description: Hustedt, 1927-66, I, p. 256, fig. 108 (as Melosira ambigua).

Foged 1981, p. 104, pl. 1, fig. 12; Laws, 1988, p. 154, pl. 1, fig. 8.
Dimensions: Diam: 4-15 um. Pervalvar axis: 3.5-13 unl

Ecology: Planktonic. Oligohalobous (indifferent); alkaliphilous (Foged, 1978).

Distribytion: WB: The A. granulata group includes thej combined occurrences of the
cosmopolitan oligohalobous (indifferent) specjes A. ambigua, A. granulata, A. islandica, and A.

italica in Willapa Bay sediments. The group is|rare in modern oligohalobous and mesohalobous




channel-bank deposits, but can be concentrated in Holocene deposits because of the robust
valves (especially A. granulata).
Bemarks: Cells are separated by a distinctive sulcus.

Aulacoseira granulata (Ralfs) Simonsen 1979

Syn: Melosira granulata (Ehrenberg) Ralfs in Pritchard 1861

Description: Hustedt, 1927-66, |, p. 248, fig. 104 (as Melosira granulata)

Schrader, 1974, p. 862, pl. 2, fig. 8; Foged 1981, p. 104, pl. 1, fig. 3,4,7; Laws, 1988, p. 154, pl.
1, fig. 11-15.

Dimensions: Diam: 5-21 um. Pervalvar axis: 5-18 um

Ecology: Planktonic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981).

Distribution: See A. ambigua.

Bemarks: Striae often coarse, in parallel lines; valve joined with strong interlocking spines, several

as long as the apical axis of the valve.

Aulacoseira islandica (Muller) Simonsen 1979

(Plate 1, Figure 6)

Syn: Melosira islandica Mller 1906

Description: Hustedt, 1927-66, I, p. 252, fig. 106 (as Melosira islandica)
Foged 1981, p. 105, pl. 1, fig. 11.

Dimensions: Diam: 7-27 um. Pervalvar axis: 4-21 um.

Ecology: Planktonic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981).
Distribution: See A. ambigua.

Bemarks: Striae delicate, in parallel lines.



Aulacoseira italica (Kutzing) Simonsen 1979

Syn: Melosira italica (Ehrenberg) Kitzing 1M

Description: Hustedt, 1927-66, 1, p. 257, fig. 109 (as Melosira italica).

Foged 1981, p. 105, pl. 1, fig. 8. |

Dimensions: Diam: 5-28 um. Pervalvar axis: 821 um. ‘

Ecology: Planktonic. Oligohalobous (indifferent); alkali:#hilous (Foged, 1981).
Distribution: See A. ambigua. ‘

Bemarks: Distinguished by striae that bend around the }T/alve, and short interlocking spines

between the valves.

i
J

BACILLARIA Gmelin 1791 |
Bacillaria paxillifer (O.F. Maller) Hendey 1951 J
Syn: Bacillaria paradoxa Gmelin 1791 l ’
Description: Hendey, 1964, p. 274, pl. 21, fig! 5. |
Hustedt, 1930, p. 396, fig. 755; Germain, 1981, p. 326, pl. 123, fig. 1-2; John, 1983, p. 163, pl.
68, fig. 4-5; Jensen, 1985, p. 849, fig. 755. i}
Dimensions: L: 70-100 um. W: 4-5 um. Str: 20-24 ITM

Ecology: Epiphyte; epipelic. Mesohalobous lo Polyha‘obous. Strongly euryhaline (Hendey,

1964). |

Distribution: WB: Common in mesohalobous t:hannel-b‘bnk deposits and low-marsh samples;

|
rarely observed in fossil samples. Hendey (1§64, p. 274): "Common on all coasts bordering the

North Sea and English Channel. Sometimes in the plankton." Cosmopolitan.

Bemarks: The valve is distinctive with its produced apices, centered keel, and strong squarish
keel puncta (7-9 in 10 um). Common in moderm sediments in Willapa Bay, but fractures easily (like

Synedra fasciculata) and thus is rare in fossil deposits.
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BERKELEYA Greville 1827

Berkeleya rutilans (Trentepohl) Grunow 1880

Syn: Amphipleura rutilans (Trentepohl) Cieve 1894

Description: (As Amphipleura rutilans): Patrick and Reimer, 1966, p. 304, pl. 21, fig. 3

(As A. rutilans): Hustedt, 1927-66, 11, p. 720, fig. 1093; Brockmannnn, 1950, p. 14, pl. 2, fig. 4,5;
Rao and Lewin, 1976, p. 193, fig. 204,205; John, 1983, p. 105, pl. 44, fig. 1,2; Jensen, 1985, p.
602, fig. 1093; Krammer and Lange-Bertalot, 1986, p. 264, pl. 98, fig. 9-11; Laws, 1988, p. 154,
pl. 19, fig. 4,7.

Dimensions: L: 15-35 um. W: 4-6 um. Str: 24-28 ITM at the middle, 30 ITM at the ends.

Ecology: Epiphytic; epilithic. Mesohalobous; euryhaline (Brockmannnn, 1950). Hendey (1964,
p. 240): “Common and widespread on the coasts of all North Sea countries and English Channel.
The colonies attach themselves to any solid substratum such as rocks or marine installations, or
the larger algae. Seldom found in deep water, as the cells require plenty of light.”

Distribution: WB: Observed in only a few Holocene samples; modern distribution not recorded.
Not reported from Ledbetter Point by Tynni (1986). Common in benthic and epiphytic samples in
Netarts Bay (Whiting, 1983), and benthic samples in San Francisco Bay (Laws, 1988).
Cosmopolitan.

Bemarks: Distinguished by the short raphe branches, and the parallel striae. Cannot be included
in Amphipleura because of the asymmetrical raphe sternum, and the morphology of the striae

poroids (Cox, 1975a,b; Round et al., 1990).

BIDDULPHIA Gray 1821
Biddulphia dubia (Brightwell) Cleve 1883
Syn: Triceratium dubia Brightwell 1859

Description: Cupp, 1943, p. 164, fig. 114.



(As Triceratium dubia): Hustedt, 1927-66, |, p. 806, fig. 469; Riznyk, 1973, p. 135, pl. 4, fig. 1;
Laws, 1988, p. 177, pl. 14, fig. 8.

(As Biddulphia reticulata var. rhombica ): Tynni, 1986, p. 16, pl. 11, fig. 48,49.

Dimensions: L: 42-65 um. W: 30-44 um. Argolae: 2-2.5 ITM.

Ecology: Benthic; tychopelagic(?). Mesohal bous/pol‘ halobous.

Distribution: WB: Rare valves observed at Toke Point, ﬁear the mouth of Willapa Bay; rare in
sandy Holocene samples. Recorded at Ledbetter Point by Tynni (1986).

Bemarks: Reported by Cupp (1943, p. 165) ind later referenced by Tynni (1986) and Laws

(1988) - as a “warm-water species, subtropical to tropicaill." It's occurrence in Washington and

Oregon do not agree with this ecological designation.

|
\
|
r
i

BIREMIS Mann and Cox in Round et al. 1990

Biremis ambiqua (Cleve) Mann in Round et al.|1990

Syn: Pinnularia ambigua Cleve 1895
Description: Hendey, 1964, p. 233, pl. 34, fig. 5-8.

Brockmann, 1950, p. 20, pl. 1, fig. 7, pl. 3, fig. 21, pl. 4,‘ fig. 19; John, 1983, p. 123, pl. 53, fig. 1;
Round et al., 1990, p. 548 (typification of the genus).
Dimensions: L: 35-75. W:8-10 um. Str: 13-14 ITM.
Ecology: Epipelic. Euryhaline (Hendey, 19
Distribution: WB: Observed on the marsh-edge tidal flat at Stony Point. Hendey (1964, p. 233):

“Littoral and euryhaline... on sandy foreshores.” Cosmopolitan.

Bemarks: Both Brockmann 91950) and Hendey (1964) ‘remarked that "Pinnularia ambigua™ was in
need of revision because of it's asymmetrical valve form and affinities for some species of

Amphora. 1t is the type species of the genus Biremis Mann and Cox 1990.




CALONEIS Cleve 1894

Caloneis bacillum (Grunow) Cleve 1894

Description: Patrick & Reimer, 1966, p. 586, pl. 54, fig. 7.

Germain, 1981, p. 238, pl. 87, fig. 1-28; John, 1983, p. 107, pl. 45, fig. 1-2; Krammer & Lange-
Bertalot, 1986, p. 390, pl. 173, fig. 9-20; Laws, 1988, p. 155, pl. 22, fig. 6,11.

As Pinnularia fasciata: Hustedt, 1930, p. 316, fig. 569; Jensen, 1985, p. 722, fig. 569.

As Stauroneis amphioxys var. obtusa: Hendey, 1964, p. 220, pl. 43, fig. 7-9.

Dimensions: L: 15-45 um. W: 4-9 um. Str: (22) 24-30 ITM.

Ecology: Epipelic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981). Patrick and Reimer
(1966, p. 586): "Soft, hard, or slightly brackish water; lakes, rivers, bogs. Often found in standing
alkaline waters.” Pankow (1976): “Oligohalobous, mesoeuryhaline, benthic, widely distributed in
fresh waters.”

Distribution: WB: Common in oligohalobous and mesohalobous middle and upper intertidal
samples. Often observed associated with Frustulia vulgaris. Hendey (1964, p. 220): "Common in
the Spartina zone around Poole Harbour.” Hustedt (1930, in Jensen, 1985, p. 774): “Widely
distributed and not rare in waters of all kinds in the entire area, yet, as a rule, always occurring
isolated.” Cosmopolitan.

Bemarks: Hendey ‘s (1964, p. 220) description for Stauroneis amphioxys var. obtusa is
equivalent, in terms of valve form and dimensions, to descriptions for C. bacillum. Although
Hendey did not mention longitudinal lines crossing the valves, these are clearly figured (pl. 43,
fig. 7-9). He records the habitat as "Common in the Spartina zone around Poole Harbour,” which
is comparable to some of the habitats that | have observed for C. baciflum along Willapa Bay.
Therefore, C. bacillum may be more strongly euryhaline than previously reported. Further, Patrick
and Reimer (1966, p. 586) noted that in some specimens the striae are more robust, with as few

as 22 in 10 um, but striae densities of 24-30 in 10 um are more common for the species. | have



observed a general relationship between elevated salinities and specimens with fewer striae and
more robust valves as compared to specimenifrom freshwater settings.
The linear-lanceolate valve shape, parallel to sl‘Thﬂy radiate striae, and the straight-edged

transverse fascia are distinguishing features.

Caloneis liber (W. Smith) Cleve 1894
Description: John, 1983, p. 107, pl. 35, fig. 3.
Hendey, 1951, p. 57, pl. 9, fig. 8; Hendey, 1964, p. 22q, pl. 29, fig. 2; Patrick and Reimer, 1966,

p. 582, p. 53, fig. 9. |

Dimensions: L: 60-70 um. B: 15-16 um. Str: 20-24 in 1{0 pum.

Ecology: Epipelic. Mesohalobous/polyhalobous. ;

Distribution: WB: Observed in Holocene sediments witr‘ common C. westii; modern distribution
not recorded. Hendey (1964, p. 229): “Frequent on sandy shores. Common on most British

coasts.”

Bemarks: Distinguished by the asymmetric celrlral area and the two longitudinal lines for each half

\
of the valve. Resembles the oligohalobous species C. Elpestris.

Caloneis westii (Wm. Smith) Hendey 1964
(Plate 1, Figure 7)

Syn: Navicula westii W. Smith 1853; Navicula formosa Gregory 1856; Caloneis formosa (Gregory)
Cleve 1894; Caloneis liburnica Grunow in Van Heurck 1880; Caloneis oregonica (Ehrenberg)
Patrick 1966 J

Description: Hendey, 1964, p. 230, pl. 44, fig, 5-10; pl. 45, fig. 1-13.

Riznyk, 1973, p. 118, pl. 4, fig. 6; Krammer & Lange—Bértant, 1986, p. 386, pl. 170, fig. 1-2;

Laws, 1988, p. 155, pl. 22, fig. 4-5, 9.




(As Caloneis formosa (Gregory) Cleve 1894): Hustedt, 1930, in Jensen, 1985, p. 770, fig. 350;
Hendey, 1951, p. 57, pl. 17, fig. 13.

{As Caloneis oregonica (Ehrenberg) Patrick 1966): Patrick and Reimer, 1966, p. 581, pi. 53, fig. 6.
Dimensions: L:60-130 pm. W:20-28 pm. Str: 12-14 [TM.

Ecology: Epipelic. Mesohalobous, euryhaline (Pankow, 1976). Hendey (1964, p. 231): "A
brackish water form frequently found in the littoral zone; common on all coasts of the North Sea,
English Channel.”

Distribution: WB: Live cells common in Triglochin /Salicornia low-marsh sites along the edge of
Willapa Bay; observed less frequently on marsh-edge tidal flats of the open bay and on the barren
channel bank of the lower Niawiakum River (salinity range 10-28%.). Common in Holocene
samples. Very rare in tidal flat sediments Yaquina estuary (Riznyk, 1973) and Netarts Bay (Whiting,
1983). Laws (1988, p. 155): “Common in Sangamon sediments and intertidal mud fiats and salt
marshes of the present (San Francisco) bay.” Cosmopolitan.

Bemarks: C. westii is a common estuarine species, epipelic on fine-grained sediment. | did not
record it from sandy open tidal flat samples of Willapa Bay, and both Riznyk (1973) and Whiting
(1983) observed only a few valves in their studies of tidal flat samples in Yaquina Bay and Netarts
Bay, respectively. Its preference for fine-grained substrate is implied by Foged (1981, p. 29) who
observed C. westii in only one sample with this description: “Small inlet in the east side of the
southern part of Wainwright inlet. Clay everywhere. No. 396: Scrapings from clayey ground.” Its
distribution in low salt marsh samples from the margin of Willapa Bay may be a response to the
accumulation of fine silt inbetween marsh plants. It was aiso observed in low (Spartina) salt
marshes habitats in Delaware and Mississippi (Sullivan, 1975; 1978), and in a low (Salicornia)
rnarsh in Cheshire, England (Round, 1960). Round (1960. p. 113) suggests that C. westii may
also be one of the group of diatoms “unexpected in the epiphytic habitat.” in Holocene deposits

around Willapa Bay, C. westii often occurs with Scolipleura tumida and Nitzschia granulata. Laws



(1988, p. 155) reported that in San Francisco éay C. westii “is commonly found in association with

Nitzschia granulata in Recent and Sangamon sediments.”

CAMPLYODISCUS Ehrenberg 1840

Camplyodiscus echeneis Ehrenberg 1840

Description: Krammer and Lange-Bertalot, 1988, p. 213, pl. 175, fig. 1,2; pl. 176, fig. 1-3.
. [

Hustedt, 1930, p. 449, fig. 875; Hendey, 1951, p. 78, 41. 17, fig. 1-6; Hendey, 1964, p. 291, pl.
|

40, fig. 14; Riznyk, 1973, p. 118, pl. 4, fig. 5; Jensen, 1985, p. 900, fig. 875; Laws, 1988, p. 155,
pl. 35, fig. 1,2.
Dimensions: Diam: 80-200 pm. Puncta: 2-4 ITM. |

Ecology: Epipelic. Foged (1978, p. 40): "Mesohalobous, euryhaline. The northern temperate

zone." }

Distribution: WB: Rare in modern mesohalobaus lower intertidal samples; common in Holocene

samples. Hendey (1964, p. 291): "A marine and brackish—water species common in all European
countries. Frequent on all British shores, but seldom abundant.”
Bemarks: Distinguished by the large, saddle-shaped vjlve lines of coarse puncta, irregular in

length, that more or less radiate from the center of the valve.

CATENULA Mereschkowsky 1903
Catenula adhaerens Mereschkowsky 1903
Description: Hendey, 1964, p. 157.
Brockmann, 1950, p. 22, pl. 1, fig. 9; Tynni, 1886, p. 17, pl. 2?, fig. 163.
Dimensions: L: 13-16 um. W:2.8-3.3 um.

Ecology: Epipsammic. a—mesohalobous/polyhalobous.




Distribution: WB: Distributed on tidal flats of the open bay; rare in Holocene samples.
Bemarks: Distinguished by the small asymmetrical valve, slightly indented on the dorsal margin,

and the thickened central and polar raphe endings which stand out in LM.

CERATAULUS Ehrenberg 1843

Cerataulus turgidus (Ehrenberg) Ehrenberg 1843

Description: John, 1983, p. 31, pl. 11, fig. 6,7.

Hustedt, 1927-66, |, p. 860, fig. 512; Hendey, 1964, p. 106, pl. 20, fig. 4; Riznyk, 1973, p. 118,
pl. 5, fig. 1; Laws, 1988, p. 156, pl. 14, fig. 10.

Dimensions: Diam: 45-77 um. Pervalvar axis: 52-100 um. Areolae: 9-11 ITM.

Ecology: Epipsammic; tychoplanktonic. a~mesohalobous/polyhalobous. Attaches to sand
grains by means of mucilage extruded through the ocelli (Round et al., 1990). Hendey (1964, p.
106): "A common littoral species, on all coasts of North Sea, English Channel.”

Distribution: WB: Rare to common in Holocene samples. Common in Yaquina estuary (Riznyk,
1973), rare in Netarts Bay (Whiting, 1983).

Bemarks: Distinguished by the radiating areolae and scattered spines on the valve surface, and

especially by the conspicuous rounded ocelli on opposite sides of the valve.

COCCONEIS Ehrenberg 1837

Cocconeis diminuta Pantocksek 1902

(Plate 1, Figure 8)

Description: Hustedt, 1927-1966, 11, p. 346, fig. 800.

Foged, 1981, p. 61, pl. 13, fig. 11; Jensen, 1985, p. 306, fig. 800; Laws, 1988, p. 156, pl. 18, fig.

10-12; Pankow, 1990, p. 166, pl. 34, fig. 20-21.



Dimensions: L:7-15pm. W:5-9 pm. Str: 32 [TM (RV; 13 ITM (RLV).

Ecology: Epipsammic. Oligohalobous (indiffgrent); alk}aliphilous (Foged 1981, p. 61). Whiting
(1983, p. 131, Appendix tabie 1): present in mesohalobous benthic samples from Netarts Bay,
absent from epiphyte (Zostera) samples.
Distribution: WB: Observed most frequently in sandy intertidal sediments; often observed
attached to sand grains with Achnanthes delicatula. Less frequent on silty tidal flats and channel

banks. Cosmopolitan.

Bemarks: As noted by Patrick and Reimer (1966, p. 239), C. diminuta may be confused with C.
disculus, but differs from its smaller size, and *2-14 strige in 10 um on the rapheless valve as
compared with nine or fewer for C. disculus. Maximum [ength observed in WB samples was 11 um.
C. diminuta, as reported by Hustedt (1927-66), is a fres‘ water species found in lakes. The
diatoms reported here is clearly associated with sandy mesohalobous deposits, but also matches

descriptions of C. diminuta (Hustedt, 1927-66; Pankow, 1990).

Cocconeis disculus (Schumann) Cleve 1895

Description: Patrick and Reimer, 1966, p. 239, pl. 15, ﬁb. 1-2.

, 1981, [J 104, pl. 39, fig. 11-13; Jensen, 1985, p.

Hustedt, 1930-59, |I, p.346, fig. 799; Germai
305, fig. 799; Hendey, 1964, p. 178, pl. 28, fig. 19; John, 1983, p. 77, pl. 33, fig. 10-11.
Dimensions: L: 20-25 um. W: 11-16. Str: 22 ITM (RV); 7-9 ITM (RLV).

Ecology: Epipsammic; epipelic. Mesohalobous; benthﬁc. Hendey (1964, p. 178): “Frequent in
brackish waters on all European coasts...” Whiting (1983, p. 131, Appendix table 1): present in
mesohalobous benthic samples, absent from epiphyte (Zostera) samples.

Distribution: WB: A few empty valves observed in tidal flat samples; rare in Holocene sediments.
Bemarks: Striae are robust, 7-9 in 10 um. Size range usually 20-30 um, though John (1983, p.

77) reports 9-32 um.




Cocconeis placentula Ehrenberg 1838

Description: Patrick and Reimer, 1966, p. 240, pl. 15, fig. 5,6.

Hustedt, 1927-66, 1l, p. 347, fig. 802a,b; Fcged, 1978, p. 42, pl. 13, fig. 7-9; Foged, 1981, p. 61,
pl. 13, fig. 13,14; John, 1983, p. 79, pl. 34, fig. 11,12; pl. 35, fig. 1; Jensen, 1985, p. 306, fig.
802a,b; Laws, 1988, p. 157, pl. 18, fig. 5,6.

Dimensions: L: 8-28 pm. W: 4.5-15 um. Str: 16-18 in 10 pm (RV); 19-20 in 10 um (RLV).
Ecology: Epiphytic; epipsammic. Oligohalobous (indifferent), alkaliphilous, (Foged, 1981). John
(1983, p. 80): “A common epiphytic diatom...” Cosmopolitan.

Distribution: WB: Rare in oligohalobous and mesohalobous lower and middle intertidal samples.
Bemarks: Striae on the rapheless valve about 25 in 10 um, interrupted by many delicate wavy

longitudinal hyaline lines.

Cocconeis placentula var. euglypta (Ehrenberg) Cleve 1895

Description: Patrick & Reimer, 1966, p. 241, pl. 15, fig. 8.

Hustedt, 1927-66, Il, p. 347, fig. 802c; Foged, 1978, p. 42, pl. 13, fig. 9; John, 1983, p. 79, pl.
35, fig. 2-3; Jensen, 1985, p. 306, fig. 802c.

Dimensions: L: 10-50 uM. W:8-30 uM. STR: 19-23 ITM (RV); 19-20 ITM (RLV).

Ecology: Epiphytic; epipsammic. Oligohalobous (indifferent), alkaliphilous (Foged, 1981).
Distribution: WB: Observed in sandy oligohalobous and B—-mesohalobous intertidal deposits;
more frequent in channe! bank than low-marsh samples. Cosmopolitan.

Bemarks: The raphe valve is virtually indistinguishable from C. placentula ; the rapheless valve

differs in the striae interrupted by four or five strong longitudinal hyaline lines.

Cocconeis scutellum Ehrenberg 1838
(Plate 2, Figure 1,2)

Description: John, 1983, p. 82, pl. 36, fig. 2-4.



Hustedt, 1927-66, ll, p. 337, fig. 790; Hende*, 1964, p. 180, pl. 27, fig. 8; Foged, 1978, p. 42,
pl. 13, fig. 4: pl. 14, fig. 10; Jensen, 1985, p. 298, fig. 790.
Dimensions: L: 10-40 um. W:7-29 um. Str: 1

Ecology: Epiphyte; a-mesohalobous/polyhalobous. ﬁolyhalobous (Foged, 1981). Main and

-14in 10 um (RV); 11-12 in 10 pm (RLV).

Mcintire, 1974, p. 94: “...Cocconeis scutellumwas primérily associated with Zostera, a host that is
exposed to little or no desiccation.” Common in intertidal benthic samples in Netarts Bay, a
dominant epiphyte on Zostera marina (Whiting 1983, p. 131, Appendix table 1).

Distribution: WB: Common in silty intertidal sediments vlvith salinities > 10%., particularly where

Zostera is present. Hendey (1964, p. 180): “Ubiquitous, common on coasts all over the world.”

Bemarks: Raphe valve distinguished by a small orbioula‘p' central area, and a loculiferous rim and
hyaline area at the margin. May be confused w£h smaller valves of C. maxima. Striae on rapheless

valve are composed on single rows of puncta that give rise to 3 rows of smaller puncta near the

. |
margin. :

Cocconeis scutellum var. parva Grunow ex Cleve 1895 |

(Plate 2, Figure 3,4)

Description: John, 1983, p. 82, pl. 36, fig. 5,8. |

Hustedt, 1927-66, 1l, p. 338, fig. 791; Foged, 1978, p. 142, pl. 14, fig. 11; Jensen, 1985, p. 300,
fig. 791.

Dimensions: L: 10-30 pm. W: 7-10 um. Str: 11-14 ITM (RLV).

Ecology: Epiphyte; a—mesohalobous/polyhalobous; . ‘Whiting (1983, p. 131, Appendix table 1):
Common epiphyte on Zostera, present in intertidal ben\Lic samples. Main and Mcintire (1974, p.
94): Observed attached to macrophytes throughout the intertidal zone.

Distribution: WB: Equally frequent as C scutelium in silty intertidal samples, but more frequent in

sand flat samples. Hendey (1964, p. 180): “Common on all coasts of the British Isles; often found

with the type.”
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Bemarks: Differs from the nominate variety by the smaller overall size: Length less than 20 um,

breadth less than 7 um.

COSCINODISCUS Ehrenberg 1838

Coscinodiscus radiatus Ehrenberg 1841

Syn: Coscinodiscus devius Schmidt

Description: Cupp, 1943, p. 56, fig. 20, pl. 1, fig. 4.

Hustedt, 1927-66, |, p. 420, fig. 225; Hendey, 1964, p. 76, pl. 22, fig. 7; Riznyk, 1973, p. 17, pl.
7. fig. 1; Rao and Lewing, 1976, p. 177, fig. 37; Sancetta, 1987, p. 234, pl. 2, fig. 1-10; Laws,
1988, p. 158, pl. 5, fig. 7, pl. 6, fig. 2-4.

(As C. devius): John, 1983, p. 25, pl. 8, fig. 1-6.

Dimensions: Diam: 35-60 um. Areolae: 3-4 ITM across most of the vaive; 6-7 ITM at the margin.
Ecology: Planktonic (tychoplanktonic?). Euryhalobous (Pankow, 1976).

Distribution: WB: Very rare in modern mesohalobous channel bank deposits; rare in Holocene
sediments. Riznyk (1973, p. 17): “Found infrequently in the sediment filtered out of
phytoplankton.” Cosmopolitan.

Bemarks: Sancetta (1987, p. 235) reported that C. radiatus is variable in the overall shape of the
areolae, occurrence of a hyaline central area, and the number and orientation pores (external
openings of labiate processes) on the valve face. The most common form of C. radiatus

observed in Willapa Bay samples matches the description for “C. obscurus Schmidt 1878".

Coscinodiscus radiatus Ehrenberg f. obscurus
(Plate 2, Figure 5)
Description (As Coscinodiscus obscurus): Hustedt, 1931-66, I, p. 418, fig. 224.

Laws, 1988, p. 157, pl. 5, fig. 6, 8-9; pl. 6, fig. 1.



Dimensions: Diam: 40-80 um.

Ecology: Pianktonic (tychoplanktonic?); polyhalobous. Cosmopolitan.

Distribution: WB: Very rare in modern mesohalobous channel bank deposits; rare to common in
Holocene sediments.

Bemarks: Sancetta (1987, p. 235) showed that Schmidt's (1878) definition of “C. obscurus”,
based on the distributions of small pores (external openings of labiate processes) at the ends of
shorter rows of areolae on the valve face, was not a valid reason for separating the taxon from C.
radiatus. | separate a form of C. radiatus from the specigs sensu stricto because of its common
occurrence in Holocene deposits, and its apparent association with silty sediments of open tidal
fiats in the bay. The form obscurus is heavily silicified, wi{&h a hyaline central area and isolated pores
at the ends of shorter rows of areolae. WillapaBay spe%imens are very similar to those figured by
John (1983, pl. 8, fig. 1 and 6) as C. devius Schmidt. T"le robust valve may be the reason for its

concentration in some Holocene samples.

CYCLOTELLA Kitzing 1833

Cyclotella compta (Ehrenberg) Kiitzing 1849 \

Description: Hustedt, 1927-66, I, p. 354, fig. 183.

Schrader, 1974, p. 860, pl. 4, fig. 10; pl. 14, fig. 5; Germain, 1981, p. 32, pl. 8, fig. 1-7; Laws,
1988, p. 158, pl. 3, fig. 3; pl. 7, fig. 7.

Dimensions: Diam: 15-50 um. '

Ecology: Planktonic. Oligohalobous (indifferent); alkaliLhilous (Foged, 1981). Schrader (1974,
p. 860): "Planktonic, common in European lakes and ri{yers, oligohalobous meioeuryhaline

(Pankow, 1976), common in oligotrophic to mesotrophic lakes (Stoermer and Yang, 1970)."

Distribution: WB: Rare in Recent and Holocene samles. Cosmopolitan.




Bemarks: Distinguished by the more or less coarse puncta in radiating rows in the center, and the

concentrically-undulate valve.

Cyclotella ocellata Pantocksek 1912

(Plate 2, Figure 6)

Description: Hustedt, 1927-686, |, p. 340, fig. 173.

Schrader, 1974, p. 861, pl. 14, fig. 7; Germain, 1981, p. 34, pl. 8, fig. 8-13; Foged, 1981, p. 64,
pl. 2, fig. 9.

Dimensions: Diam: 6-20 pm.

Ecology: Planktonic; meroplanktonic(?). Oligohalobous (indifferent); alkaliphilous (Foged, 1981).
Schrader (1974, p. 861): "Freshwater benthic and planktonic, oligo- to mesotrophic (in Great
Lakes it appears to occupy the extreme oligotrophic end of the spectrum, Stoermer and Yang,
1970)."

Distribution: WB: Rare in Recent and Holocene samples.

Bemarks: Distinguished by the hyaline central area, approximately one-half the diameter of the

valve, furnished with several large puncta nearly evenly spaced from one another.

Cyclotella striata (Kitz.) Grunow 1880
(Plate 2, Figure 7)
Description: Hustedt, 1927-66, p. 344, fig. 176a,b.
Foged, 1978, p. 45, pl. 2, fig. 6-8; 1979, p. 36, pl. 3, fig. 7; John, 1983, p. 21, pl. 5, fig. 10-12;
Laws, 1988, p. 158, pl. 3, fig. 4,6; pl. 7, fig. 5,6.
Dimensions: Diam: 10-50 um.
Ecology: Planktonic. Meroplanktonic (Laws, 1988). Mesohalobous, alkaliphilous (Foged, 1979).
Hendey (1964, p. 74): "A common marine and brackish-water species, often abundant in

estuaries in the spring plankton.”



Distribution: WB: Rare to common in Holooen# samples. Cosmopolitan.

Bemarks: The valve is strongly undulate, and divided at about half-radius into a coarsely punctate

central area and a strongly striate marginal zonL:‘.

CYMATOSIRA Grunow 1862

Cymatosira belgica Grunow ex Van Heurck 1862

Description: Hendey, 1964, p. 160.
Hustedt, 1927-66, II, p. 127, fig. 649; Jensen,
fig. 7-9, 13.

Dimensions: L: 12-30 um. W: 3-5 um.

Ecology: Epipsammic; tychopelagic. Polyhal

!
1985, p. 121, fig. 649; Laws, 1988, p. 158, pl. 15,
|

}

bous.

Distribution: WB: Rare; only observed in sand flat samples. Hendey (1964, p. 160) *Common

littoral species on all North European coasts, British Isles, mostly on clean sandy beaches.”

Bemarks: Best distinguished in girdle view by the inflated middle and apices, and the distinct

marginal spines. In valve view the irregularly-a

area are distinctive.

CYMBELLA Agardh 1830

Cymbella aspera (Ehrenberg) H. Peragallo in
Description: Patrick & Reimer, 1975, p. 53, pl.
Hustedt, 1930, p. 365, fig. 680; Foged, 1978,

1981, p. 65, pl. 47, fig. 4; John, 1983, p. 145,

Krammer and Lange-Bertalot, 1986, p. 319, pr 131, fig.

anged puncta and the irregularly-shaped central

i
|

Pelletan 1@889

10, fig. #
p. 46, pl,' 38, fig. 8; 1979, p. 37, pl. 35, fig. 14;
pl. 60, fig. 7; Jensen, 1985, p. 818, fig. 680;

1.




Dimensions: L: 70-200 um. W:20-30 um. Str: 7-10 ITM near the middle, 11-12 ITM near the
ends. Puncta: 11-15 ITM.

Ecology: Epipelic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981). Patrick and Reimer
(1975, p. 54): "Not usually found in large numbers. Often reported from seeps and springs, but
also found in streams and lakes in shallower water. Oligohalobe; alkaliphil.”

Distribytion: WB: Rare in oligohalobous/B—mesohalobous lower intertidal samples; usually rare
but sometimes common in Holocene samples, presumably because of the robust valve.

Bemarks: Reworked valves are often broken, with the thickened central nodule remaining intact.

Cymbella minuta Hilse in Rabenhorst 1862

Syn: Cymbella ventricosa Kitzing 1844; Encyonema minutum (Hilse in Rabenhorst) Mann in
Round et al., 1990

Description: Patrick and Reimer, 1975, p. 47, pl. 8, fig. 1a-4b.

John , 1983, p. 145, pl. 60, fig. 8-9; Krammer and Lange-Bertalot, 1986, p. 305, pl. 119, fig. 1-13;
Laws, 1988, p. 159, pl. 27, fig. 14.

(As Cymbella ventricosa): Hustedt, 1930, p. 359, fig. 661; Riznyk, 1973, p. 121, pl. 7, fig. 3;
Foged, 1978, p. 50, pl. 37, fig. 6-8; 1979, p. 42, pl. 34, fig. 11,12; Germain, 1981, p. 292, pl. 107,
fig. 11-22; Jensen, 1985, p. 811, fig. 661.

Dimensions: L:9-28 um. W: 4.5-6um. Str: 14-16 ITM near the center, 18-19 ITM near the apices.
Ecology: Epipelic. Periphytic (Lowe, 1974). Oligohalobous (indifferent); circumneutral pH
(Foged, 1979).

Distribution: WB: Common in B—-mesohalobous and oligohalobous samples from the Willapa and
South Fork Willapa rivers; rare in Holocene samples. Cosmopolitan.

Bemarks: Best distinguished by the small, strongly dorsi-ventral valve, with the raphe and narrow

axial area lying near and parallel to the straight ventral margin.



Cymbella tumida (Brébisson) Van Heurck 188
(Plate 2, Figure 8)
Description: Patrick and Reimer, 1975, p. 58,

Hustedt, 1930, p. 366, fig. 677; Foged, 1978,

106, fig. 1-2; Jensen, 1985, p. 818, fig. 677; Krammer

fig. 4-6.
Dimensions: L: 35-80pm W: 12-18 um Str:
Puncta: 16-20 ITM.

Ecology: Epipelic. Periphytic (in Lowe, 1974)
(Foged, 1978). Alkaliphilous (Patrick and Rein
Distribution: WB: Common in B-mesohaiobo

Willapa River; rare in Holocene samples. Cos|

0

|

pl. 10, fig. 8.

p. 49, pl. 37, fig. 2,3; Germain, 1981, p. 288, pl.

Lange-Bertalot, 1986, p. 318, pl. 130,
8-10 ITM near the center, 12-13 ITM near the ends.

Oligoh#lobous (indifferent); circumneutral pH

ner, 1975).

s channel-bank and marsh samples from the

politan.

Bemarks: Distinguished by the arched dorsi-ventral valve, usually with large rostrate apices. The

central area is orbicular, distinctive, with a sindrle stigm# opening on its ventral side.

DELPHINEIS Andrews 1977

Delphineis surirella (Ehrenberg) Andrews 19

Syn: Rhaphoneis surirella (Ehrenberg) Grunow ex Va

Description: Andrews, 1981, p. 83, pl. 1-2.
(As Rhaphoneis surirella). Hustedt, 1927-66,
fig. 11-13; John, 1983, p. 54, pl. 21, fig. 8,9;

Dimensions: L: 17-53 um. W: 12-17 um. Str

e
b

—®—

1

r4 Heurck 1880

\
|

Il, p. 174, fig. 679d; Hendey, 1964, p. 155, pl. 26,

Jensen, 1985, p. 162, fig. 679d.
7-10 ITM. Areolae: 7-8 ITM.

Ecology: Epipsammic; epiphytic. Mesohalobous/polyhalobous. Andrews (1981, p. 85): “...D.

surirella has a common growth habit of short

shallow-marine environment.” Hendey (1964

chains of

frustules attached to the substrate in a

, p. 1565); "Common on sandy shores and mud and




sand flats; brackish and marine." Common in benthic samples and rare in epiphyte (Zostera)
samples in Netarts Bay (Whiting, 1983). Epiphytic and epipelic in the lower Swan River estuary
(John, 1983). Hustedt (1927-66, p. 174): "Distributed on all European coasts, also in harbors and
river mouths with brackish water.”

Distribution: WB: Common in mesohalobous lower intertidal samples; rare to common in
Holocene samples. Cosmopolitan.

Bemarks: The species as defined by Andrews (1981, p. 84) has a narrower stemum (axial area)
that differs from “Delphineis cf. surirella” (discussed below) observed in Willapa Bay specimens:
“The type variety has in the past been defined to include only specimens having a narrow axial
area, whereas specimens having a relatively wide axial area have been assigned to D. surirella var.
australis Petit. Although this distinction does not seem useful in this population, it may be valid
elsewhere; hence | have not placed the variety australis into synonomy... however, D. surirellais

broadly construed to include individuals that might be assigned to the variety.”

Delphineis cf. surirella

(Plate 2, Figure 9)

Syn: Rhaphoneis angustata : Riznyk, 1973, p. 131, pl. 7, fig. 8,9.

Description: Valve elliptical, tapering toward the rounded apices. Striae normal to the margin
along most of the length of the valve, and curved around the apices. The striae are composed of
3 areolae near the middle of the valve, but are reduced to 2 areolae near the apices. The central
area is elliptical, about 1.6-2 um wide. There is a small pore at each apex, located on opposite
sides of the apical axis from the other.

Dimensions: L:20-35 um. W:5-7 um. Str; 10 ITM.

Ecology: Epipsammic (?); epiphytic (?). Mesohalobous/polyhalobous.

Distribution: WB: Usually observed with D. surirella in modern and fossil samples.



Bemarks: Similar in some respects to the plar?ktonic species Delphineis karstenii, as described by

Fryxell and Miller (1978), but differs in the disti

ive tapering of the valve at the apices. Differs

from the Miocene species Delphineis angustata ((Andrews, 1977) by the finer striae and the

consistent occurrence of 3 puncta per stria ne,

(1985, p. 447, pl. 20, fig. 4-11) as "Delphineis

DENTICULA Kitzing 1844
Denticula subtilis Grunow 1862

(Plate 2, Figure 10)

r the middle of the valve. Reported by Akiba
\

cf. anguétata.“

|
|

Description: Patrick & Reimer, 1975, p. 172, pl. 22, fig. 10-11;

John, 1983, p. 159, pl. 67, fig. 1; Laws, 1988,

Krammer, 1987, p. 66, pl. 42, fig. 12; Kramm

p. 159, pl. 30, fig. 12, 13; Lange-Bertalot and

r and Lange-Bertalot, 1988, p. 140, pl. 96, fig. 1-9.

Dimensions: L:8-20 um. W:2-3 um. Str: 28-30 ITM. Gostae: 6-9 iTM.

Ecology: Epipelic; aerophilous. Meschalobol

water of estuaries.”

|
s. Patrick and Reimer (1975, p. 172): "Brackish

Distribution: WB: Common upper intertidal sTecies, also at the upland-marsh transition along the

Niawiakum River. Cosmopolitan.

Bemarks: Distinguished by the small valve with distinct;oostae and tapered apices. Indicative of

high brackish marshes.

|




DIATOMA Bory de St.-Vincent 1824

Diatoma hiemale var. mesodon (Ehrenberg) Grunow 1881

Description: Patrick & Reimer, 1966, p. 108, pl. 2, fig. 8.

Hustedt, 1927-66, I, p. 103, fig. 631e-h; Foged, 1977, p. 48, pl. 5, fig. 13; Foged, 1979, p. 43,
pl. 7, fig. 3-6; Germain, 1981, p. 54, pl. 15, fig. 1-8; Jensen, 1985, p. 100, fig. 631e-h.
Dimensions: L: 12-40 um. W: 6-15 um. Str: 18-24 ITM. Costae: 2-4 ITM.

Ecology: Periphytic; epiphytic (?). Oligohalobous (indifferent); alkaliphilous (Foged, 1979).
Preters flowing water with high nutrient content (Patrick and Reimer, 1966, p. 108).

Distribution: WB: Rare in channel bank and marsh samples from the Willapa and South Fork
Willapa Rivers. Cosmopolitan.

Bemarks: Differs from the Diatoma hiemale by the wider, elliptical valves, and fewer costae.

DIMEREGRAMMA Ralfs in Pritchard 1861

Dimeregramma minor (Gregory) Ralfs in Pritchard 1861

(Plate 2, Figure 11,12)

Description: Hustedt, 1927-66, I, p. 118, fig. 640.

Hendey, 1964, p. 156, pl. 27, fig. 12; Riznyk, 1973, p. 17, pl. 7, fig. 6,7; Rao and Lewin, 1976, p.
183, fig. 66-70; John, 1983, p. 46, pl. 17, fig. 4,5 Jensen, 1985, p. 113, fig. 640; Laws, 1988, p.
160, pl. 15, fig. 15,16.

Dimensions: (Includes var. nana): L: 10-40 um. W: 6-10 um. Str:9-14 ITM.

Ecology: Epiphytic, epipsammic. a—mesohalobous/polyhalobous. Rao and Lewin (1976, p.
183): "Occurred as epipsammon.” Hendey (1964, p. 156): "This species is usually found
epiphytic upon small red seaweeds during the summer months... A widely distributed littoral

species, common on sandy beaches.”



Distribution: WB: Common on sandy tidal flats, especially where Zostera is present. Rare in
Holocene samples. Abundant in tidal fiat samples of Yaquina estuary (Riznyk, 1973), rare in
Netarts Bay (Whiting, 1983) and San Franciscg estuary (Laws, 1988). Casmopolitan.

Bemarks: For this study, combined with var. nana (Gregory) Van Heurck, because of the
coexistence of the different forms in the same environment, and the differentiation solely on size

(note discussion by Hustedt, 1927-66, Ii, p. 119). 1

DIPLONEIS Ehrenberg ex Cleve 1894
Diploneis didyma (Ehrenberg) Ehrenberg 18
(Plate 3, Figure 1)

Description: Patrick & Reimer, 1966, p. 417, pl. 38, fig.§14.

Hustedt, 1927-66, li, p. 685, fig. 1075a,b; Brokaann, 1950, p. 14, pi. 3, fig. 7, 9, 24; Hendey,
1964, p. 226, pl. 32, fig. 12; Foged, 1979, p. 44, pl. 21, fig. 7; John, 1983, p. 109, pl. 45, fig. 9;
Jensen, 1985, p. 573, fig. 1075a,b; Krammer and Lange-Bertalot, 1986, p. 292, pi. 112, fig. 7.
Dimensions: L:30-90 um. W: 15-36 um. Costae: 8-10 ITM.

Ecology: Epipelic. Mesohalobous; euryhaling (Foged, 1979).

Distribution: WB: Rare in mesohalobous lowe intenidai samples, but also rare in mesohalobous
upper intertidal marsh samples; very rare to rare in Holacene samples. Hendey (1964, p. 226):
"Common and widespread on all British ooastT and on all coasts of North Sea countries.”
Cosmopolitan.
Remarks: Distinguished by the blunt, panduriform valv%, coarse costae crossed by several

longitudinal fines.
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Diploneis interrupta (Kutzing) Cleve 1894
(Plate 3, Figure 2)
Description: Patnick and Reimer, 1966, p. 416, pl. 38, fig. 12.
Hustedt, 1927-66, II, p. 602, fig. 1019; Riznyk, 1973, p. 122, pl. 7, fig. 13; Foged, 1979, p. 44, pl.
21, fig. 3; Jensen, 1985, p. 508, fig. 1019; Krammer and Lange-Bertalot, 1986, p. 292, pl. 112,
fig. 5,6; Laws, 1988, p. 160, pl. 23, fig. 1,2.
Dimensions: L:29-80 um. W: 7-15 um at the center; 12-27 um at the widest part. Costae: 8-12
™.
Ecology: Epipelic; aerophilous. Mesohalobous; alkaliphilous (Foged, 1979). Probably
euryhaline.
Distribution: WB: Rare in middle intertidal mesohalobous samples from the Niawiakum River;
associated with Navicula pusilla var. lanceolate in low-marsh and marsh drainage-channel samples.
Common also in Holocene deposits. Reported by Brockmann as sometimes frequent in sait
marshes and drainage channels. Not a true tidal flat species, but reported as rare in benthic
samples in Netarts Bay (Whiting, 1983), and frequent in tidal flat samples from Yaquina estuary
(Riznyk, 1973). Hendey (1964, p. 223): "Common on the sandy beaches of all countries
bordering the North Sea, English Channel and Irish Sea.”
Bemarks: Distinguished by the indented middle, the strongly radiating costae that are absent
from the center to produce a hyaline area along the margin at mid-valve. Supefficially similarto D.
stroemi in but with more lanceolate longitudinal canals, more strongly radiate costae, and better
developed hyaline area along the central margin. Occurs with D. stroemi in some Holocene
Willapa Bay samples.

The robust valves of D. interrupta are resistant to dissolution, and thus may dominate

assemblages that are poorly preserved.



Diploneis oblongella (Naegeli in Kiitzing) Ross 1947

Syn: Diploneis ovalis var. oblongelia

Description: Patrick and Reimer, 1966, p. 413, pl. 38, fig. 8.

Krammer & Lange-Benrtalot, 1986, p. 287, pl. 108, fig. 7-10; Laws, 1988, p. 160, pl. 22, fig. 15,

16.
(As D. ovalis var. oblongelia). Hustedt, 1957,

Jensen, 1985, p. 563, fig. 1065f-k.

p. 253; Hustedt, 1927-66, I, p. 672, fig. 1065f-k;

|

|
Dimensions: L: 10-100 um. W: 6-35 um. Costae, 10-19 ITM.

Ecology: Epipelic; aerophilous. Oligohaiobou

s (indifferent), alkaliphilous (Foged, 1978). Patrick

and Reimer (1966, p. 413): "Fresh o slightly brackish wéter; sometimes in damp places

(aerophil).”

Distribution: WB: Rare in fossil deposits from
samples from Ledbetter Point State Park (Hen
Bemarks: Patrick and Reimer (1966, p. 413)

he lower Niawiakum River. Observed in marsh

nphill-Haley, unpub. data). Cosmopolitan.

arn that D. oblongella only differs from D. ovalis by

its size. However, Hustedt (1927-66, Il, p. 673) notes that D. oblongella is "distinguished by a

specific range of variation, characterized by a smaller size in average cross-section, linear shape

|
and closer structure,” with costae number fairl constan# at 18in 10 um.

Distinguishing features include the linear-elliptical shapé with nearly parallel sides, and fairly

delicate transverse costae with a single row

Diploneis ovalis (Hilse) Cleve 1891
Description: Hustedt, 1927-66, ll, p. 671, fig.

Foged, 1978, p. 52, pl. 25, fig. 4; 1981, p. 80,

areolae between the costae.

|

i
|

10653-el

pl. 14, fig. 5; Germain, 1981, p. 142, pl. 55, fig. 1-8;

John, 1983, p. 110, pl. 45, fig. 10,11; pl. 46, fig. 1; Jenrsen, 1985, p. 562, fig. 1065a-e; Krammer

and Lange-Bertalot, 1986, p. 286, pl. 108, fig. 14-16.

Dimensions: L:20-100 um. W:10-35um.C

ae: 10-19 (usually 13-16) ITM.




Ecology: Epipelic; aerophilous. Hustedt (1927-66, I, p. 672): "Widely distributed in fresh water
and in slightly brackish waters of the interior. With predilection for places with springs as well as
mossy marshes, it appears frequently, therefore, as an aerophil form.” Brockmann (1950)
reported it as euryhaline, common on mud flats, but | did not observe it on tidal flats in Willapa Bay,
nor was it reported by Riznyk (1973) for Yaquina estuary or by Whiting (1983) for Netarts Bay.
Distribution: WB: Only a few valves observed in both modern and fossil samples. Cosmopolitan.
Bemarks: Distinguished by a well-formed oval central area, and a single row of puncta between

the transapical ribs.

Diploneis pseudovalis Hustedt 1930

(Plate 3, Figure 3)

Description: Patrick & Reimer, 1966, p. 412, pl. 38, fig. 5.

Hustedt, 1927-66, Il, p. 668, fig. 1063c; Foged, 1981, p. 81, pl. 14, fig. 11, Jensen, 1985, p.
560, fig. 1063c; Krammer & Lange-Bertalot, 1986, p. 287, pl. 108, fig. 11-13.

Dimensions: L: 16-31 um. W:9-14 um. Costae: 8-12 ITM.

Ecology: Epipelic; aerophilous. Mesohalobous, alkaliphilous (Foged, 1981). Patrick and Reimer
(1966, p. 412): "In slightly to definitely brackish water.”

Distribution: WB: Common to abundant in oligohalobous and mesohalobous marsh deposits
above MHW; particularly frequent at transect T4 on the upper Niawiakum River (Figure 1). Very
rare in Holocene samples.

Bemarks: According to Patrick and Reimer (1966, p. 412), D. pseudovalis is similar to D.
subovalis, which is generally larger, and also to D. smithii var. pumilla. Hustedt (1927-66, p. 669)
notes that it is more delicate than varieties of D. smithii. Similar to both D. subovalis and D. smithii,

there is a double row of areolae between the costae.



Diploneis smithii (Brébisson in Wm. Smith 185
(Plate 3, Figure 4)

Description: Patrick and Reimer, 1966, p. 410
Hustedt, 1927-66, Kieselalg. |i, p. 647, fig. 10
1981, p. 146, pl. 56, fig. 1-3; Jensen, 1985, p.
1986, p. 291, pl. 112, fig. 2-4; Pankow, 1990,
Dimensions: L: 25-200 um. W:15-75um. C
Ecology: Epipelic. Pankow (1990, p. 186): *

6) Cleve 1894

, pl. 38, fig. 2
|
51; Hendéy, 1964, p. 225, pl. 32, fig. 10; Germain,
543, fig. 1051; Krammer and Lange-Bertalot,
|

p. 186, pl. 41, fig. 8;
|

ae: 5-12 ITM.

lyhalobjpleioeuryh" (i.e., salinities ~ 5- 35 ppt).

Foged (1981, p. 81): “Polyhalobe. Cosmopolite.” Patridk and Reimer (1966, p. 410): “In slightly

brackish to brackish water.”

Distribution: WB: Very rare in Holocene samp
frequent on sand and mud flats; observed by

Reported from tidal flats in Yaquina estuary (R

Diploneis smithii var. rhombica Mereschkowsk

Description: John, 1983, p. 110, pl. 46, fig. 2

i

les. Repbrted by Brockmann (1850, p. 14) as
Tynni (1986) on the tidal fiat off Ledbetter Point.

znyk, 1973).

y 1902

3.

Krammer and Lange-Bertalot, 1986, p. 291, pl. 112, fig| 3.

As Diploneis smithii forma rhombica: Hustedt,

544, fig. 1052a.

1927-66, I, p. 647, fig. 1052a; Jensen, 1985, p.

Dimensions: L:25-63 um. W:17-32um. Costae: 6-7 ITM.

Ecology: Epipelic. Euryhaline. Foged (1978,
Distribution: WB: Rare in marsh samples from

very rare to rare in Holocene samples. Brockn

p. 53): "%olyhalobous. Presumably cosmopolitan.”

the B—mésohalobous Willapa River site (Figure 1),
!

nann (1 9$0) reports it as frequent on sand and mud

flats; however, it was not reported from tidal flats in Yaquina estuary (Riznyk, 1973) or Netarts Bay

(Whiting, 1983). | have observed it as occurrin

marshes of the Copper River Delta in the Guif

of Alaska

g trequeﬁtly with C. westii in samples from Carex

(Hemphill-Haley, unpublished data). John




(1983) reports it as the most common species of Diploneis in B—-mesohalobous salinities of the
upper reaches of the Swan River estuary.

Bemarks: Distinguished by robust valve, rhombic shape, and double row of coarse areolae

between costae.

ENDICTYA Ehrenberg 1845

Endictya sp. 1

(Plate 3, Figure 5,6)

Description: Valve circular, with flat valve face and steep mantle. Areolae of equal size from the
center to the margins, hexagonal, in tangential rows. Marginal areolae elongated, 6-7 in 10 um.
Mantle sharp, 7 um high, with smaller areolae, 10-12 in 10 um. Ornamentation on the mantle gives
the margin of the valve a “scalloped appearance” in valve view . Short thick spines are sometimes
visible on the margin.

Dimensions: Diam: 25-35 um. Areolae: 5-6 ITM across the valve. Elongate marginal areolae: 6-7
IT™.

Ecology: Tychopianktonic (?); probably polyhalobous.

Distribution: WB: Very rare in modem mesohalobous lower intertidal samples; rare to common in
Holocene samples, probably in part because of the resistant valve.

Bemarks: Reported by Schrader (1973, p. 705) and Tynni (1986, p. 18) as “Endictya oceanica
Ehrenberg (1854). However, this taxon differs from Endictya oceanica Ehrenberg (1854) by the
smaller valve size, and the smaller, equidimensional areolae in tangential rows across the valve.
Reported also by Laws (1983, p. 174) as “Stephanodiscus (?) sp. 1. However, it differs from
species of Stephanopyxis with dimorphic valves from the absence of any connecting spines or

mucous pores.



EPITHEMIA Brébisson 1838

Epithemia sorex Kitzing 1844

Description: Patrick & Reimer, 1975, p. 188, pl. 27, fig. 4.

Hustedt, 1930, p. 388, fig. 736; Riznyk, 1973, p. 122, pl. 8, fig. 1; Foged, 1978, p. 54, pl. 42, fig.

6: 1979, p. 45, pl. 38, fig. 2,6,10,11; 1981, p. 82, pl. 55, fig. 8, 12; Germain, 1981, p. 318, pI.

118, fig. 5,6; John, 1983, p. 161, p!. 67, fig. 7-8; Kramnver & Lange-Bertalot, 1988, p. 154, pl.

106, fig. 1-14; Laws, 1988, p. 161, pl. 30, fig.

Dimensions: L:20-65 um. W: 6-15 um. CostIe: 5-7 ITM, 2-3 striae inbetween costae.

Ecology: Epiphytic (?). Periphytic, aerophilo

|
S; euryhélobous (Lowe, 1974). Oligohalobous

(indifferent); alkalibiontic (Foged, 1981) Hustedt (1 930,f p. 840): "Found in the littoral of standing

water, very widely distributed and often in masfve "bloo}n," as well as also in brackish water..."

Distribution: WB: Most frequent in f—-mesohal

Willapa River; very rare to rare in Holocene sal

bous chgnnel bank and marsh samples from the

ples. Coﬁsmopolitan.

Bemarks: This species distinguished by relatively small{size. capitate and dorsally arched apices,

and the strongly dorsally-arched canal raphe.

Epithemia turgida (Ehrenberg) Kitzing 1844

(Plate 3, Figure 7)

|
|
I

Description: Patrick & Reimer, 1975, p. 182, pl. 25, fig, 1a-1b.

Hustedt, 1930, p. 387, fig. 733; Riznyk, 1973, p. 122, dl. 8, fig. 2; Germain, 1981, p. 318, pl.

118, fig. 1-4; Foged, 1981, p. 82, pl. 55, fig. 10; JenseLl, 1985, p. 839, fig. 733; John, 1988, p.

|
161, pl. 30, fig. 1; Krammer and Lange-Bertalot, 1988, b 155, pl. 109, fig. 4-7.

Rimensions: L: 60-150 um. W: 15-20 um. Costae: 3-51ITM, 2-3 striae between costae.

Ecology: Epipelic. Oligohalobous (indifferent);

alkalibiontic (Foged, 1981). Periphytic, indifferent

to salt, alkaliphilous to alkalibiontic (referencesg in Lowe, 1974). Patrick and Reimer (1975, p. 182):

"A littoral species which prefers alkaline water|”
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Distribution: WB: Very rare in mesohalobous lower intertidal samples; rare to common in
Holocene samples. Reported as common in San Francisco estuary (Laws, 1988) and on the
sandy substrate of the Southbeach tidal flat, in the lower part of Yaquina estuary (Riznyk, 1973).

Cosmopolitan.

Bemarks: E. turgidais common in fossil deposits, but its modern distribution in Willapa Bay has

not been clearly documented. it may be indicative of tidal flat conditions.

Epithemia turgida var. westermannii (Ehrenberg) Grunow 1862

(Plate 3, Figure 8)

Description: Patrick and Reimer, 1975, p. 184, pl. 25, fig. 2a-b.

Foged, 1981, p. 82, pl. 55, fig. 3, 11; Laws, 1988, p. 161, pl. 30, fig. 2; Krammer and Lange-
Bertalot, p. 156, pl. 109, fig. 1-3.

Dimensions: L:40-120 um W: 16-24 um. Costae: 3-5 ITM, 2-3 striae inbetween costae.
Ecology: Epipelic. Oligohalobous (indifferent), alkalibiontic (Foged, 1981).

Distribution: WB: Observed with the species.

Bemarks: Differs from E. turgida by the absence of produced apices, and a generally broader
valve. Not as common as E. turgida in mesohalobous samples from Willapa Bay; may be less

tolerant of elevated salinities.

EUNOTIA Ehrenberg 1837

Eunotia pectinalis Rabenhorst 1864

(Plate 4, Figure 1)

Description: Patrick and Reimer, 1966, p. 204, pl. 12, fig. 7.



Hustedt, 1927-66, I, p. 296, fig. 763a.k; Foged, 1978, p. 59, pl. 12, fig. 10; Foged, 1979, p. 49,

pl. 9, fig. 15; pl. 11, fig. 5; Germain, 1981, p. 9&3 pl. 33, 34, 35, 36, 37; John, 1983, p. 67, pl. 28,

fig. 10-12; Jensen, 1985, p. 267, fig. 763a,k.
Dimensions: L:17-140 um. W:5-10 um. Str:
the ends.
Ecology: Epiphytic. Periphytic; halophobous;

acidophilous (Foged, 1979).

7-12 I'TM ‘near the center of the valve, 14 ITM near

acidophilous (Lowe, 1974). Halophobous;

Distribution: WB: Rare in B-mesohalobous and oligohalobous channel bank and marsh sampies

from the Willapa and South Fork Willapa rivers

(Figure 1). Cosmopolitan.

Bemarks: As noted by Patrick and Reimer (1466) and Foged (1978, 1979), this taxon can be

quite variable in shape. Strongly indicative of

oligohalobous conditions.

|
i

Eunotia pectinalis var. minor (Kitzing) Rabenhorst 1864

Description: Patrick and Reimer, 1966, p. 207

, pl. 12, fig. 13-14;

Hustedt, 1927-66, lI, p. 296, figs. 763d-f; Foded, 1978, p. 59, pl. 11, fig. 13,15; Foged, 1979, p.

49, pl. 9, fig. 12; John, 1983, p. 68, pl. 28, fig

13; Jensen, 1985, p. 268, figs 763d-.

Dimensions: L:20-60 um. W:4-7 um. Str: 15-20 ITM.

Ecology: Epiphytic. Periphytic; aerophilous; halophobous, pH indifferent to acidophilous (Lowe,

1974).
Distribution: WB: Observed with the species.
BRemarks: Differs from the E. pectinalis by the

Also indicative of oligohalobous conditions.

Cosmopolitan.

smaller, more delicate valve, and the finer striae.




FRAGILARIA Lyngbye 1819

Fragilaria brevistriata Grunow in Van Heurck 1885

Syn: Pseudostaurosira brevistriata (Grunow) Williams and Round 1987

Description: Patrick & Reimer, 1966, p. 128, pl. 4, fig. 14.

Hustedt, 1927-66, Il, p. 168, fig. 676a-e; Foged, 1979, p. 52, pl. 7, fig. 24,25; Foged, 1981, p.
91, pl. 4, fig. 13; pl. 5, fig. 4; Germain, 1981, p. 68, pl. 20, fig. 22-31; John, 1983, p. 42, pl. 16, fig.
1-3; Jensen, 1985, p. 157, fig. 676a-e; Laws, 1988, p. 162, pl. 16, fig. 23.

Dimensions: L: 12-28 um. W:3-5um. Str: 13-17 ITM.

Ecology: Epiphytic (Germain, 1981). Periphytic; oligohalobous (indifferent); alkaliphilous (in
Lowe, 1974).

Distribution: WB: Very rare in B—-mesohalobous channel bank sample from the Willapa River; very
rare to rare in Holocene samples. Cosmopoiitan.

Bemarks: Distinguished by the short transapical striae, wide stemum, and subrostrate apices.

Fragilaria construens var. venter (Ehrenberg) Grunow 1881

Syn: Staurosira construens var. venter (Grunow) Williams and Round 1987

Description: John, 1983, p. 42, pl. 16, fig. 4-6.

Hustedt, 1927-66, Il, p. 157, fig. 670h-m; Patrick & Reimer, 1966, p. 126, pl. 4, fig. 8-9; Germain,
1981, p. 70, pl. 21, fig. 6-14; Jensen, 1985, p. 146, fig. 670h-m; Laws, 1988, p. 162, pl. 16, fig.
12.

Dimensions: L:5-16 um. W:2.5-6 um. Str: 12-14 ITM.

Ecology: Periphytic; tychoplanktonic; oligohalobous (indifferent); alkaliphilous (in Lowe, 1974).
Distribution: WB: Rare in mesohalobous lower and middle intertidal samples; rare in Holocene
samples. Rare in benthic samples in Netarts Bay (Whiting, 1983); common in San Francisco

estuary (Laws, 1988). Cosmopolitan. Abundant as epipsammon in False Bay, San Juan Island;



formed colonies on sand grains (Rao and Le in, 1976). Also observed in tidal flat samples from
near Restoration Point in Puget Sound (Hemihill-Haley, unpublished data).

Bemarks: According to John (1983, p. 42), the valve s | *varies from linear, rhombic lanceolate
with slightly produced apices to elliptic or orbicular.” Often quite small (ca. 5-6 um). Apparently a

true tidal fiat species (Rao and Lewin, 1876).

Fragilaria leptostauron (Ehrenberg) Hustedt 1

Description: Patrick and Reimer, 1966, p. 124, pl. 4, fig. 2.

Hustedt, 1927-66, |, p. 153, fig. 668; Foged, 1979, p. 53, pl. 7, fig. 26; Foged, 1981, p. 93, pl. 4,
fig. 26; Jensen, 1985, p. 143, fig. 668; Laws, 1988, p. 162, pl. 16, fig. 24.

Dimensions: L:15-36 um. W: 10-23 pm at t
Ecology: Epipelic; epilithic. Oligohalobous (i

middle. \Str: 5-9ITM.
ifferent); alkaliphilous (Foged, 1981). Patrick and

Reimer (1966, p. 124): “Common in fresh water, usuallj in shallow water, often on mud surfaces.”

Distribution: WB: Rare in B—mesohalobous channel baTk samples from the Willapa River; very
rare in Holocene samples. Cosmopolitan. |
Bemarks: The species is easily distinguished by the val}ve shape; the variety dubia may

|

supefficially resemble F. construens var. venter, but differs by having coarser striae (5-9 in 10 um

as compared with 14-17 in 10 um for F. construens var. venter).

Fragilaria pinnata Ehrenberg 1843

Syn: Staurosirella pinnata Williams and Round 1987
Description: Patrick and Reimer, 1966, p. 127, pl. 4, fig. 10.

Hustedt, 1927-66, Hi, p. 110, fig. 671a-i; Foged, 1978, p. 64, pl. 8, fig. 7; 1979, p. 54, pl. 7, fig. 8-
10; Germain, 1981, p. 72, pl. 21, fig. 44-52; 1881, p. 93, pl. 4, fig. 21; pl. 5, fig. 3; Jensen, 1985,
p. 149, fig. 671a-i.
Dimensions: L:3-35 ym. W:2-6 um. Str: 7-12 ITM.
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Ecology: Epipsammic. Periphytic; tychoplanktonic; oligohalobous (indifferent); alkaliphilous (in
Lowe, 1974). Also abundant as epipsammon in False Bay, San Juan Island; formed colonies on
sand grains (Rao and Lewin, 1976).

Distribution: WB: Very rare to rare in Holocene samples; not well documented in modern Willapa
Bay. Not reported at Ledbetter Point by Tynni (1986). Hendey (1964, p. 153): "Common littoral
species on all British coasts.” Common in benthic samples in Netarts Bay (Whiting, 1983).

Bemarks: Distinguished by the coarse striae that are offset from one another across the sternum.

FRUSTULIA Rabenhorst 1853

Frustulia linkei Hustedt 1952

Description: Hustedt, 1952, p. 393, fig. 102.

Hendey, 1964, p. 240.

Dimensions: L: 32um. W: 4.5 um. Str: 28-30 ITM.

Ecology: Epipelic; mesohalobous. Rare in benthic samples, absent from epiphyte (Zostera)
samples from Netarts Bay (Whiting).

Distribution: WB: Common in a—mesohalobous low-marsh samples from the Niawiakum River;
rare in late Holocene sediments. Hendey (1964, p. 240): "A salt-marsh species, fairly frequent at
Blakeney Point, Norfolk.”

Bemarks: Best identified by the small linear valve, and the strong siliceous ribs enclosing the

raphe.



Frustulia rhomboides (Ehrenberg) De Toni 189 ‘

Description: John, 1983, p. 112, pl. 46, fig. 10.

Hustedt, 1927-66, Il, p. 728, fig. 1098a; Patrick and Reimer, 1966, p. 308, pl. 21, fig. 5; Jensen,
1985, p. 608, fig. 1098a; Krammer and Lange-Bertalot, 1‘ 88, p. 258, pl. 95, fig. 1-7; pl. 96, fig. 1-
5.

Dimensions: L:55-68 um. W: 13-14 um. Str: 30-32 ITM {(longitudinal); 30 ITM (transverse).
Ecology: Epipelic. Halophobous, pH acidophilous to circumneutral (Foged, 1981).

Distribution: WB: Rare; live cells observed in a few oligolhalobous marsh and channel bank
samples. Hendey (1964, p. 240); “A common f eshwate‘ diatom often found on the shore, where
it occurs in drainage from agricultural land. Common in mucous masses on the stems of aquatic
plants in all European countries bordering the North Sea.” Cosmopolitan.

Bemarks: The thick siliceous ribs on either side of the r ‘ he branches are fused at the middle of

the valve, and thus appear slightly constricted in the middie in LM.

Frustulia vulgaris (Thwaites) De Toni 1891

(Plate 4, Figure 2)
Description: Patrick and Reimer, 1966, p. 309, pl. 22, fig. 3.
Hustedt, 1927-66, |l, p. 730, fig. 1100a; Foged 1978, p 66, pl. 20, fig. 1; Germain, 1981, p. 140,

pl. 83, fig. 3-6; John, 1983, p. 113, pl. 46, figs. 11-12; Qensen, 1985, p. 611, fig. 1100a; Krammer

and Lange-Bertalot, p. 260, pl. 97, figs. 1-6. |
Dimensions: L:50-70 um. W:10-13 um. Str: 26-35 ITM (longitudinal); 34 ITM (transverse).
Ecology: Epipelic (may form tubes). Oligohalobous (indifferent); alkaliphilous(Foged, 1981).
Distribution: WB: Widely distributed. Live celis observed most frequently in oligohalobous and B-

mesohalobous low marsh sampies, but aiso observed in oligohalobous channel bank samples

and mesohalobous high marsh samples. Cogmopolitan.



Bemarks: Distinguished by the narrow-oval central area, and the sharply pointed terminal ends of
the raphe (“shaped like a ‘pencil point.” (John, 1983, p. 113)). WB occurrences include “var.
capitata * (Hustedt, 1927-66, !, p. 730, fig. 1100b).

GOMPHONEIS Cleve 1894

Gomphoneis herculeana (Ehrenberg) Cleve 1894

(Plate 4, Figure 3)

Description: Patrick & Reimer, 1975, p. 149, pl. 21, fig. 1.

Foged, 1979, p. 56, pl. 36, fig. 1-4; Tynni, 1986, pl. 28, fig. 175; Laws, 1988, p. 163, pl. 29, fig.
12.

Dimensions: L: 60-100 um. W: 20-22 um. Double row of puncta between the radiating costae,
10-12 in 10 pm.

Ecology: Epiphytic; epipelic. Oligohalobous (indifferent).

Distribution: WB: Very rare; only a few live cells observed in lower channel-bank samples from the
oligohalobous/B—mesohalobous Willapa River site. Also very rare in Holocene sediments. Laws
(1988, p. 163): “Rare in Sangamon and Recent sediment, most abundant in Suisun Bay
sediments.”

Bemarks: A large, robust diatom, distinguished by longitudinal lines that lie parallel to the axial
area and thus terminate towards the basis where the valve narrows, the closely-spaced striae, and
the oval central area with one stigma. Foged (1979, p. 56): “...varies very much as regards size

and outline of the valves.”



GOMPHONEMA Ehrenberg 1832

Gomphonema angustatum (Kitzing) Rabenh&st 1864
(Flate 4, Figure 4)
Description: Patrick and Reimer, 1975, p. 125, pl. 17, ﬁ 17-19.

Foged, 1978, p. 67, pl. 40, fig. 18; Germain, 1981, p. 306, pl. 114, fig. 1-21; Jensen, 1985, p.

826, fig. 690; Krammer & Lange-Bertalot, 1986, p. 360, pl. 155, fig. 1-21.

Dimensions: L: 12-45 um. W:5-9um. Str: 9-12in 10 u‘m

Ecology: Epiphyte. Oligohalobous (indifferent); alkalip%'nibus (Foged, 1981).

Distribution: WB: Live cells observed in channel bank afpd marsh samples from oligohalobous and
B—mesohalobous sites. Occurs with G. parvuium. Cosn‘#opolitan.

Bemarks: Similar to G. parvulum, but differs in having f#wer striae in 10 um which are radiate
throughout, with the middle striae more distanily placedkand thus a more distinct central area than
G. parvulum. Apices variable, but sometimes more cap+ate than G. parvulum.

|

Gomphonema olivaceum (Hornemann) Brébisson 183é

Syn: Gomphoneis olivacea (Hornemann) Dawson ex R?ss and Sims 1978; Gomphonema

olivaceum (Lyngb.) Katzing 1844

Description: Patrick and Reimer, 1975, p. 139, pl. 18, fig. 13-14.
Hustedt, 1930, p. 378, fig. 719; Foged, 1981, p. 101, m 52, fig. 12, pl. 53, fig. 20; Jensen,
1985, p. 831, fig. 719; Krammer and Lange-Bertalot, 1986, p. 374, pl. 165, fig. 1-18.

{As Gomphoneis olivacea (Lyngbye) Dawson 1974): Germain, 1981, p. 312, pl. 111, fig. 14-16.
Dimensions: L: 15-40 um. W:5-10 um. Str: 11-14 I[TM.

Ecology: Epiphytic; epipelic. Oligohalobous (indifferent); alkaliphilous (Foged, 1981).

Distribution: WB: Rare in channel bank and marsh samples from the oligohalobous/p—
mesohalobous Willapa River site. Hustedt (in Jensen, 1985, p. 832): “Very widely distributed and

common in standing waters; also in brackish water...” Gosmopolitan.




Bemarks: Superficially resembles G. truncatum. Distinguished by the valve shape, straight raphe
branches, irregular central area formed by striae of different lengths, and the absence of an

isolated stigma or punctum.

Gomphonema parvulum (Kitzing) Kitzing 1849

(Plate 4, Figure 5)

Description: Patrick & Reimer, 1975, p. 122, pl. 17, fig. 7-12.

Foged, 1978, p. 71, pl. 40, fig. 12, 15; Foged, 1979, p. 59, pl. 37, fig. 7; Germain, 1981, p. 308,
pl. 114, fig. 23-28; John, 1983, p. 142, pl. 58, fig. 7-9; Krammer and Lange-Bentaiot, 1986, p.
358, pl. 154, fig. 1-25; Laws, 1988, p. 163, pl. 29, fig. 7.

Dimensions: L:15-30 um. W:5-8 um. Str: 13-16 ITM.

Ecology: Epiphyte. Oligohalobous (indifferent); pH circumneutral (Foged, 1981). John (1983, p.
142): “Occurred as a common epiphyte in the upper stations of Canning River and Swan River.”
Distribution: WB: Very common in oligohalobous and f—mesohalobous channel bank and low-
marsh samples along the South Fork Willapa and Willapa rivers. Observed less frequently in high
marsh samples from oligohalobous and mesohalobous sites. Cosmopolitan.

Bemarks: Differs from G. angustatum by denser striae (13-16 in 10 um vs. ~ 9-12in 10 um),
parallel throughout, with the central ones less distantly placed and thus with a less weli-developed
asymmetrical central area. Apices variable, but may be a bit more narrowly rostrate than in G.

angustatum.

GRAMMATOPHORA Ehrenberg 1840
Grammatophora oceanica (Ehrenberg) Grunow 1881.
(Plate 4, Figure 6-8)

Description: John, 1983, p. 47, pl. 18, fig. 1-12;



Hustedt, 1927-66, Ii, p. 45, fig. 573, 574; Fogbd, 1975, p. 25, pl. 7, fig. 1,2; Foged, 1978, p. 73,
pl. 6, fig. 14; Sullivan, 1979, p. 244, fig. 4; Jensen, 1985, p. 44, fig. 573, 574.

Dimensions: L:9-95 um. W:4-6 um. Str: 22-25 ITM. Pervalvar axis: 9-13 um.

Ecology: Epiphytic; epipelic. a—mesohalobous/polyhalobous. Foged (1978, p. 73):
"Polyhalobous. Presumably cosmopolitan.” |

Distribution: WB: Common in mesohalobous middle and lower intertidal samples; rare valves also
observed in upper intertidal samples. Rare to common iand widely dispersed in Holocene
samples, similar to occurrences in modern samples. Reported from Ledbetter Point by Tynni
(1986). Hendey (1964, p. 170): "A common litloral specjes on all North Sea and North Atlantic
coasts, English Channel." Cosmopolitan. |
Bemarks: Differs from G. marina by the smalljr, narrower valve with finer striae; both species have
septa with a single undulation near the end of the valve; and an oval loop where they terminate
near the middle of the valve. According to Brackmann {1950, p. 13), often occurs with G. manna
on seaweed and grasses. Sullivan (1979, p. 244): “G. aceanica and G. marina (Lyngb.) Kitz. and

their varieties represent a complex of closely Jelated for;ns that are difficult to separate

taxonomically.”

GYROSIGMA Hassall 1845
Gyrosigma balticum (Ehrenberg) Rabenhorst 1853
Description: Patrick & Reimer, 1966, p. 324, pl. 25, fig, 1.

Hustedt, 1930, p. 224, fig. 331; Hendey, 1964, p. 248, pl. 35, fig. 9; Riznyk, 1973, p. 123, pl. 9,

fig. 1; Germain, 1981, p. 132, pl. 48, fig. 2; Jensen, 1985, p. 783, fig. 331; John, 1983, p. 113, pl.
47, fig. 1-3; Krammer and Lange-Benrtalot, 1986, p. 299, pl. 115, fig. 5; Laws, 1988, p. 164, pl. 20,
fig. 5.

Dimensions: L:200-400 um. W: 20-32 um. $tr: 11-16 ITM.
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Ecology: Epipelic. Mesohalobous; alkaliphilous (Foged, 1981). Patrick and Reimer (1966, p.
325): “Brackish-water, coastal species.” Hendey (1964, p. 248): "A common marine littoral
species, often found in harbours and estuaries, lying in large colonies on mud or sand. Frequent
in brackish water.”

Distribution: WB: Rare in mesohalobous intertidal samples. Present (but typically broken) in
Holocene samples. Frequent in San Francisco Bay (Laws, 1988); rare in Yaquina estuary (Riznyk,
1973); absent from Netarts Bay (Whiting, 1983). Cosmopolitan.

Bemarks: Distinguished by the large linear valve, sigmoid-obtuse apices, distinctly punctate
transverse and longitudinal striae (11-16 in 10 um), and raphe branches that are undulate towards

the center.

Gyrosigma eximjum (Thwaites) Boyer 1927

(Plate 4, Figure 9)

Syn: Gyrosigma scalproides var. eximia (Thwaites) Cleve 1894

Description: John, 1983, p. 114, pl. 47, fig. 4.

Patrick & Reimer, 1966, p. 317, pl. 23, fig. 6; Laws, 1988, p. 164, pl. 19, fig. 10-11.

(As G. scalproides var. eximia): Hustedt, 1930, p. 226, fig. 339; Foged, 1978, p. 74, pl. 21, fig. 9;
Jensen, 1985, p. 784, fig. 339.

Dimensions: L:50-65 um. W:7-10 um. Str: 20-22 ITM (transverse); 24-28 ITM (longitudinal).
Ecology: Epipelic (forms tubes). Halophilous (mesohalobous ?); alkaliphilous (Foged, 1981).
Distribution: WB: A dominant species in a-mesohalobous low-marsh samples (Niawiakum River
sites); common in low marsh samples at the a—-mesohalobous/polyhalobous Stony Point site.
Rare cells observed in high marsh and channel bank samples. Laws, 1988 (p. 164):” Intertidal mud
flats and marshes in present (San Francisco) bay.” Rare in benthic samples in Netarts Bay

(Whiting, 1983, p. 132). Cosmopolitan.



Bemarks: Distinguished by the linear valve and blunt apices; the proximal ends of the raphe are
deflected in the same direction as the apices. [Isolated valves observed more frequently than

clusters in tubes. ;

Gyrosigma fasciola (Ehrenberg) Griffith and Henfrey 1856
Syn: Ceratoneis fasciola Ehrenberg 1841 |
Description: John, 1983, p. 114, pl. 47, fig. 5,6.
Patrick and Reimer, 1966, p. 328, pl. 26, fig. 4; Riznyk, 1973, p. 124, pl. 8, fig. 9; Foged, 1978, p.
61, pl. 19, fig. 3; Krammer and Lange-Bertalot, 1986, p. 300, pl. 116, fig. 6; Laws, 1988, p. 164,
pl. 20, fig. 2. |
Dimensions: L:90-110 um. W: 11-15 um. Str: 20-22 l‘ﬁM (transverse); 18-22 ITM (longitudinal).
Ecology: Planktonic (tychoplanktonic?). Patrick and Reimer (1966, p. 328): “Brackish to marine;
appears quite commonly in salinities from abopt 1000-2b,000 p-p.-m.” Krammer and Lange-
Bertalot (1986, p. 300): “Cosmopolitan, marinf planktonic species...” (mesohalobe?).”

Distribution: WB: Common in mesohalobous channel b#nk samples, particularly along the upper

Niawiakum River (where it is allochthonous from the plankton?). Common and widespread in San
Francisco Bay (Laws, 1988) and Yaquina Bay (Riznyk, J|973). Present in benthic samples but
absent from planktonic samples in Netarts Bay (Whiting, 1983) and Swan River estuary (John,
1983). Cosmopolitan. |
Bemarks: Easily distinguished by the long narrowed apices, the straight raphe branches in the

wide middle part of the valve, and the small orbicular central area.

Gyrosigma spencerii (Quekett) Griffith and Hdnfrey 1856
Syn: Gyrosigma kiitzingii (Grunow) Cleve 1894
Description: Hustedt, 1930, p. 225, fig. 336.




Patrick & Reimer, 1966, p. 315, pl. 23, fig. 4; John, 1983, p. 115, pl. 47, fig. 7-8; pl. 48, fig. 4-6;
Jensen, 1985, p. 785, fig. 336; Krammer and Lange-Bertalot, 1986, p. 298, pl. 115, fig. 2.
Dimensions: L:95-140 um. W: 13-15 um. Str: 18-20 ITM (transverse); 22-24 ITM (longitudinal).
Ecology: Epipelic. Mesohalobous; alkaliphilous (Foged, 1981).

Distribution: WB: Observed most frequently in mesohalobous low marsh samples along the
Niawiakum River and near Stony Point. Less frequent in lower intertidal samples from channel
banks and tidal flats. Present in benthic samples in Netarts Bay (Whiting, 1983, p. 133).
Cosmopolitan.

Bemarks: Variable in size; distinguished by the narrowed apices, oval central area, fine striae, and

the sigmoid raphe branches that are equidistant from the margins along the length of the valve.

HANNAEA Patrick 1966

Hannaea arcus (Ehrenberg) Patrick 1966

Syn: Ceratoneis arcus (Ehrenberg) Kutzing 1844

Description: Patrick and Reimer, 1966, p. 132, pl. 4, fig. 20.

(As Ceratoneis arcus): Hustedt, 1927-66, Hl, p. 179, fig. 684a-c; Germain, 1981, p. 58, pl. 17, fig.
3-6; Foged, 1981, p. 60, pl. 5, fig. 16,17; Jensen, 1985, p. 168, fig. 684a-c;

Dimensions: L: 15-150 um. W:4-7 um. Str: 13-14 ITM.

Ecology: Epilithic; periphytic; tychoplanktonic. Oligohalobous (indifferent) to halophobous;
alkaliphilous to indifferent; (in Lowe, 1974).

Distribution: WB: Common along the Willapa River; very rare in Holocene deposits.

Bemarks: Distinguished by the capitate ends, the arched valve, and a distinctive inflated area at
the middle of the ventral margin. According to Round et al. (1990, p. 366): “the shape of the cell is
almost the only feature distinguishing Hannaea from Fragilaria, and the genus can be maintained

only on its distinctive morphological character and possibly its very restricted ecological range.”



HANTZSCHIA Grunow in Cleve and Grunow 1880

Hantzschia amphioxys (Ehrenberg) Grunow in kleve an{;! Grunow 1880

(Plate 4, Figure 10) ;
8, p. 128, pl. 88, fig. 1-7.

. 62, pll

122, fig. 5-10; John, 1983, p. 163, pl. 68, fig. 8,9; Jens#n, 1985, p. 847, fig. 747; Laws, 1988, p.
L

Description: Krammer and Lange-Bertalot, 1
Hustedt, 1930, p. 394, fig. 747; Foged, 1979, 1, fig. 3,4; Germain, 1981, p. 326, pl.
164, pl. 31, fig. 4.

Dimensions: L: 20-210(300) um. W: 5-15(25
Ecology: Epipelic; aerophilous. Oligohalobous (indiﬂe*ent);alkaliphilous (Foged, 1978).

Distribution: WB: Rare in peaty Holocene sa

4-11 ITM. Str: 11-28 ITM.

). Fib:

I

les; ver* rare in B—mesohalobous and

oligohalobous marsh samples. “The most wicTspread soil diatom, being found in the soil in all
i

parts of the world” (in Lowe, 1974). Cosmopolitan. !

Bemarks: Distinguished by the nearly parallel, ﬁnely-pubctate striae, and the marginal costae that

r
are nearly the same length throughout. f

Hantzschia virgata (Roper) Grunow in Cleve and Grunow 1880

Description: Krammer and Lange-Bertalot, 1988, p. 130, pl. 90, fig. 1-8.

Hustedt, 1930, p. 395, fig. 753; Brockmannnn, 1950, p. 23, pl. 5, fig. 6,7; Hendey, 1964, p. 285,
pl. 39, fig. 1; Riznyk, 1973, p. 124, pl. 9, fig. 3,4; Foged, 1979, p. 63, pl. 40, fig. 10; John, 1983,
p. 164, pl. 58, fig. 12; Jensen, 1985, p. 848, fig. 752.

Dimensions: L: 50-150 um. W: 5-12um. Fib; 3.5-7 ITM. Str: 7-15 ITM.

Ecology: Epipelic. Marine and brackish water; euryhaline (Brockmannnn, 1950). “A common
littoral species on all North Sea coasts, preferring clean sandy shores to estuarine mud” (Hendey,
1964, p. 285).
Distribution: WB: Rare in Holocene samples; modern distribution not recorded. Recorded at

Ledbetter Point by Tynni (1986); very rare in Yaquina estuary (Riznyk, 1973). Cosmopolitan.
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Bemarks: Distinguished by the coarse punctate striae, and the altemnating short and long marginal

costae.

HYALODISCUS Ehrenberg 1845

Hyalodiscus laevis Ehrenberg 1854

Description: Hustedt, 1927-66, 1, p. 294, fig. 134

Tynni, 1986, p. 19, pl. 2, fig. 14,15.

Dimensions: Diam: 70-200 um.

Ecology: Epiphytic(?). Mesohalobous.

Distribution: WB: Very rare in mesohalobous lower intertidal samples; rare to common in
Holocene samples, possibly concentrated because of the robust valve. Recorded at Ledbetter
Point by Tynni (1986, p. 19).

Bemarks: As noted by Tynni (1986, p. 19), there are some difference from the specimens
described by Hustedt and those in Willapa Bay. Best distinguished by the large, and often robust,
valve, the central area more than one-half the valve diameter, fine areolae on the valve face, and

fine radiate striae in the marginal zone.

Hyalodiscus scoticus (Kiitzing) Grunow 1879

(Plate 4, Figure 11,12)

Description: Hustedt, 1927-66, 1, p. 293, fig. 133a,b.

Foged, 1979, p. 63, pl. 4, fig. 5; John, 1983, p. 18, pl. 3, fig. 6-8; Tynni, 1986, pl. 2, fig. 3; Laws,
1988, p. 164, pl. 12, fig. 10,11.

Dimensions: Diam: 10-40 um

Ecology: Epiphytic; tychopelagic. Euryhaline. “Polyhalobous” (Foged, 1979, p. 63).



Distribution: WB: Abundant in a-mesohalobous lower intertidal samples where Zostera is
present; rare in Holocene samples. Not repo from Y;'aquina estuary (Riznyk, 1973) or Netarts
Bay (Whiting, 1983); rare in San Francisco estuary (Lavlvs, 1988). Hendey (1964, p. 90): “A
euryhaline species common on all North Sea coasts, in marine and brackish waters.”

Cosmopolitan. {

Bemarks: Resistant to dissoiution, and preserves well ib fossil deposits.

MASTOGLOIA Thwaites ex W. Smith 1856 |
Mastogloia exigua Lewis 1862 }

Description: Hustedt, 1927-66, ll, p. 569, fig. 1003.

Riznyk, 1973, p. 124, pl. 10, fig. 6; Foged, 1978, p. 78, pl. 19, fig. 4,5; 1979, p. 64, pl. 16, fig. 14,
15; pl. 17, fig. 4; John, 1983, p. 118, pl. 50, ﬁP' 1,2; Jensen, 1985, p. 482, fig. 1003; Laws,
1988, p. 165, pl. 19, fig. 8-9 |
Dimensions: L:25-40 um. W:9-11 um. Str: 20-24 ITMEL

Ecology: Epipelic; periphytic (7). Mesohalobous, eury:baline (Foged, 1979). Reported by Foged
(1979, p. 10) in samples from a sandy beach. ’

Distribution: WB: Indicative of middle intertidal salt marshes in Willapa Bay; particularly frequent at
Toke Point (Figure 1); rare in Holocene san'jes. Rep¢ned at Ledbetter Point by Tynni (1986).
Rare in Yaquina estuary (Riznyk, 1973); present in benJhic samples in Netarts Bay (Whiting,
1983).

Bemarks: Distinguished by the size and number ot marginal chambers.

MELOSIRA Agardh 1824

Melosira moniliformis (O.F. Mller) Agardh 1824




Description: Crawford, 1977, p. 285, fig. 1-23.

Hustedt, 1927-66 |, p. 236, fig. 98; Hendey, 1964, p. 72, pl. 1, fig. 2; John, 1983, p. 15, pl. 1, fig.
6-12; Laws, 1988, p. 165, pl. 1, fig. 1-6.

Dimensions: Diam: 19-70 um. Length of valves: 11-30 um.

Ecology: Epiphytic. Hendey (1964, p. 72): "Common in brackish water, particularly in estuarine
conditions and in harbours. Frequent on rocks around the south and west coasts of the British
Isles.”

Distribution: WB: Widely distributed in lower intertidal samples where salinities > 10 %., particularly
where Zostera is present. Rare to common in Holocene samples. Reported at Ledbetter Point by
Tynni (1986). Reported by Whiting (9183) as common in benthic samples, and present in
epiphytic (Zostera) samples in Netarts Bay. Common on mud flats in San Francisco estuary (Laws,
1988).

Bemarks: This is one of the most abundant diatoms observed in Recent sediment, but the large

delicate valve does not preserve well in fossil deposits.

Melosira nummuloides Agardh 1824

Description: Crawford, 1975, p. 323-338.

Hustedt, 1927-66, |, p. 231, fig. 95; Foged 1978, p. 82, pi. 1, fig. 8; Hendey, 1964, p. 72, pl. 1,
fig. 1; John, 1983, p. 15, pl. 2, fig. 1-2; Laws, 1988, p. 165, pl. 1, fig. 7.

Dimensions: Diam: 10-40 um

Ecology: Epiphytic. Mesohalobous; alkaliphilous (Foged, 1978).

Distribution: WB: Occurs with M. moniliformis. Reponted at Ledbetter Point by Tynni (1986).
Reported by Whiting (9183) as common in benthic samples, and present in epiphytic (Zostera)
samples in Netarts Bay. Common on mud flats in San Francisco estuary (Laws, 1988).
Bemarks: Similar to M. moniliformis, but differs by having a hyaline collar, a hemispherical valve,

and marginal spines arranged in a distinct ring (Crawford, 1977, p. 283).



Melosira ct. Melosira octogona A. Schmidt 1874

Description: Frustules similar to M. nummuloides, but more rounded, and without an obvious

collar or ring between adjoing cells. Valves round, stror%gly convex, about 12-20 pum in diameter.

Similar to M. octogona as described by John (1983, p. 16, pl 2, fig. 3-5), but not as perfectly

round. May possibly be a form of M. nummul
Dimensions: Diam: 12-20 pm.

Ecology: Epiphytic. Mesohalobous.
Distribution: WB: Occurs with M. moniliformis

intertidal samples.

?
Remarks: Distinguished by the rounded, globose valv#s.
|

NAVICULA Bory 1824
Navicula accomoda Hustedt 1950

Syn: Craticula accomoda Mann in Round et al

jdes.

and M. m})mmuloides in mesohalobous lower

1980

Description: Patrick and Reimer, 1966, , p. 468, pl. 44, fig. 7; Rivera, 1973, p. 52, pl. 9, fig. 90;

Germain, 1981, p. 170, pl. 63, fig. 5; Foged, 19

Bertalot, 1986, p. 128, pl. 45, fig. 13-20.
Dimensions: L: 19-35 um. W: 7-10 um. Str: 2
Ecology: Epipelic. Oligohalobous (indifferen

81,, p. 106, pl. 38, fig. 27; Krammer and Lange-

0-25 ITM (center); 32 ITM (ends).

); alkaliphilous (Foged, 1981).

Distribution: WB: Oligohalobous to f—-mesohalobous upper intertidal sediments (transect T1 and

T2). Cosmopolitan.
Bemarks: Patrick and Reimer, 1966, (p. 468)

“This splcies is similar to Navicula halophila (Grun.)

Cl. but differs from it in that the striae are more distant i+ the middle portion of the valve.”




Navicula cancellata Donkin 1872
Description: Krammer and Lange-Bertalot, 1986, p. 118, pl. 39, fig. 3.

Hendey, 1964, p. 203, pl. 30, fig. 18-20; Riznyk, 1973, p. 125, pl. 10, fig. 12,13; Foged 1981, p.
109, pl. 31, fig. 6; John, 1983,p. 84, pl. 37, fig. 3.

Dimensions: L:30-100 um. W: 6-16um. Str: 5-11 ITM.

Ecology: Epipsammic. Polyhalobous. Reported as rare in estuarine epiphyte samples in Oregon
(Whiting, 1983) and Australia (John, 1983).

Distribution: WB: Restricted to modern sand flat samples; rare in Holocene sediments. Abundant
on sandy substrate in Yaquina estuary (Riznyk, 1973). Hendey (1964, p. 203): “Common on the
west coasts of the British Isles, particularly on sandy beaches; less frequent on muddy shores.”
Casmapolitan.

Bemarks: Striae are robust, slightly radiate at the middle, parallel at the apices; mantle is steep,
well defined, and a distinguishing feature in girdle view. Hendey (1964, p. 203): "A large and very

variable species, well adapted to marked changes in salinity and environment.”

Navicula capitata Ehrenberg 1838

(Plate 4, Figure 13)

Syn: Navicula hungarica var. capitata (Ehrenberg) Cleve1895

Description: Patrick & Reimer, 1966, p. 536, pl. 52, fig. 1-2.

Schmidt's Atlas, pl. 272, fig. 41-43; Hustedt, 1930, p. 298, fig. 508; John, 1983, p. 84, pl. 37, fig.
4-5; Krammer & Lange-Bertalot, 1986, p. 123, pl. 42, fig. 1-4; Pankow, 1990, p. 219, pl. 48, fig.
12.

(As N. hungarica var. capitata): Germain, 1981, p. 186, pl. 71, fig. 5 ; Foged, 1978, p. 91, pl. 32,
fig. 15; Foged, 1979, p. 75, pl. 30, fig. 12, 19.

Dimensions: L: 12-47 um. W:5-10 um. Str: 8-10 ITM.



Ecology: Pankow (1990, p. 219): Epiphytic/périphytic. “Oligohalob, mesoeuryh.” (i.e., salinities
less than ~ 10 ppt). Patrick and Reimer (1966Jj p. 537): *Seems to tolerate a wide variation in the
chemistry of the water. John (1983, p. 84): “Common ir% periphytic and epiphytic samples from

the upper reaches of Swan and Canning Rivers."
Distribution: WB: Autochthonous but very rarE on the point bar surface on the South Fork Willapa

River; very rare aliochthonous vaives observed in mesahalobous intertidal samples; not observed

in Holocene samples.
Bemarks: Distinguished by the small, sturdy vaive, the éapitate apices, and the thick striae. There

is a distinctive hyaline apical area. |

Navicula cincta (Ehrenberg) Ralfs in Pritchard 1861
(Plate 4, Figure 14) |
Syn: Pinnularia cincta Ehrenberg 1854; Navicnfla cari v%r. cincta (Ehrenberg) Lange-Bentalot
1980a [

Description: Patrick & Reimer, 1966, p. 516, pl. 49, fig. | 11.

Brockmannnn, 1950, p. 17, pl. 2, tig. 17-20; Hendey, 1b64, p. 196, pl. 30, fig. 8; Foged, 1978, p.
85, pl. 30, fig. 6; 1979, p. 70, pl. 29, fig. 14; Germain, 1’981, p. 186, pl. 71, fig. 8-13; John, 1983,
p. 84, pl. 37, fig. 6; Krammer and Lange-Benrtalot, 1985‘L p. 61, pl. 17, fig. 6-8, pl. 30, fig. 2); 1986,
p. 98, pl. 28, fig. 8-15.
Dimensions: L: 10-42 um. W: 4-8 um. Str: 8-10 ITM #t the center of the valve; 17 ITM at the
ends.
Ecology: Epipelic. Hendey, 1964 (p. 196): “A brackish-water species, common on salt marshes;
widely spread on the coasts of all North European countries, English Channel.” Foged (1979, p.
70): “Halophilous. Alkaliphilous.”
Distribution: WB: Common in marshy intertidll areas aLove MHW:; common in Holocene samples.

Cosmopolitan.




Bemarks: Willapa Bay specimens are usually 10-20 um long; central area may be transverse to

irregular.

Navicula contenta Grunow in Van Heurck 1884-1887

Syn: Diadesmis contenta (Grunow ex Van Heurck) Mann in Round et al. 1990; Diadesmis biceps
Arnott ex Grunow in Van Heurck 1880.

Description: Krammer and Lange-Bertalot, 1986, p. 219, pl. 75, fig. 1-5.

Hustedt, 1927-66, lll, p. 205, fig. 1274a-d; Foged, 1979, p. 70, pl. 30, fig. 22; Germain, 1981, p.
228, pl. 85, fig. 15-18

(As Navicula contenta var. biceps ). Patrick and Reimer, 1966, p. 480, pl. 45, fig. 19 ; Foged 1981,
p. 110, pl. 37, fig. 9 ;

Dimensions: _L: 4-30 um. W:2-4 um. Str: 25-40 ITM.

Ecology: Epipelic; aerophilous. Oligohalobous (indifferent); alkaliphilous (Foged, 1981). Patrick
and Reimer, 1966 (p. 481): * Often associated with moss; oligohalobe (indifferent), alkaliphil;
cosmopolitan; acid to circumneutral water.”

Distribution: WB: Only observed in the highest marsh sample at Stony Point. Cosmopolitan.
Bemarks: Some authors recognize several forms based on the striae form or shape of the apices.
Most Willapa Bay specimens resemble the "form biceps (Arnott) Hustedt" (e.g., Foged, 1979, p.
70, pl. 30, fig. 23; Patrick and Reimer, 1966, p. 480, pl. 45, fig. 19). Krammer and Lange-Bertalot

(1986) include the forms with the species.

Navicula cryptocephala Kitzing 1844

Description: Krammer & Lange-Bertalot, 1986, p. 102, pl. 31, fig. 8-14.

Dimensions: Hustedt, 1930, p. 295, fig. 496; Patrick and Reimer, 1966, p. 503, p!. 48, fig. 3;
Foged 1978, p. 86, pl. 31, fig. 12; John, 1983,p. 87, pl. 38, fig. 3,4; Laws, 1988, p. 165, pl. 23,

fig. 9.



Ecology: Epipelic. Hendey, 1964 (p. 195): “A common freshwater species that is strongly

euryhaline and is found frequently in littoral saﬁnples from all British coasts.” Laws, 1988, (p. 109):

*Common only in intertidal mud flats and mar:

Distribution: WB: Rare in mesohalobous upper intertidal

middle intertidal samples of the open bay. Ra

sediments of present bay, Albany mud flats.”

samples; also very rare from lower and

in Holo¢ene samples. Cosmopolitan.

Bemarks: Krammer and Lange-Bertalot (1986, p. 102) reported that this species is often

confused with other taxa, particularly N. venet

Navicula cryptolyra Brockmannnn 1950
Syn: Fallacia cryptolyra (Brockmannnn) Stickle
Description: Brockmannnn, 1950, p. 19, pl. 3

Krammer & Lange-Benrtalot, 1986, p. 172, p!.

Dimensions: L: 8-11um. W:5 um. Str: 27-zjs'lTM.

and N. gregaria.

\
I
‘r

|

and Manh in Round et al., 1990
fig. 22, 2}3.

, fig. 7-9.
|
\

Ecology: Epipsammic. Mesohalobous (euryhaline?).

Distribution: WB: Indicative of sandy tidal flats of the o#en bay; common observed attached to
!

sand grains in Holocene deposits.

Bemarks: Easy to overlook because of its stll size.

Navicula cryptotenella Lange-Bertalot in Krammer and Lange-Bertalot, 1985.

Syn: Navicula tenella Brébisson ex Kitzing 18

tenella (Brébisson ex Kitzing) Van Heurck 1885
Description: Krammer & Lange-Bertalot, 1985, p. 62, p

9 sensu Grunow 1880; Navicula radiosa var.

1. 18, fig. 22-23, pl. 19, fig. 1-10.

Krammer & Lange-Bertalot, 1986, p. 106, pl. 33, fig. 9-11.

(As Navicula radiosa var. tenella): Patrick & R
Germain, 1981, p. 184, pl. 70, fig. 9-12.
Dimensions: L: 14-40 um. W: 5-7 um. Str: 1

6

imer, 1966, p. 510, pl. 48, fig. 17;

(18) ITM.




Ecology: Epipelic. Oligohalobous (indifferent); pH circumneutral (Foged, 1981). Patrick and
Reimer, 1966, (p. 509): “Common in all types of circumneutral fresh water; oligohalobous to
indifferent to salt concentration.”

Distribution: WB: Widely distributed in mesohalobous samples; particularly middle and upper
intertidal marsh samples. Rare in Holocene samples.

Bemarks: Distinguished by the narrow apices and aiternating short and long radiating striae at the

middle. See note for N. stankovicii.

Navicula digitoradiata (Gregory) Ralfs in Pritchard 1861

Description: Hendey, 1964, p. 202, pl. 29, fig. 8,9.

Brockmannnn, 1950, p. 17, pl. 2, fig. 1-3; Rao and Lewin, 1976, p. 201, fig. 286-288; Germain,
1981, p. 196, pl. 75, fig. 4-6; Foged 1981, , p. 112, pl. 35, fig. 3; Krammer and Lange-Bertalot,
1985, p. 66, pl. 22, fig. 17,18; Krammer and Lange-Bertalot, 1986, p. 108, pl. 34, fig. 1-9; L88, p.
166, pl. 23, fig. 16; Laws, 1988, p. 166, pl. 23, fig. 16.

Dimensions: L: 44-84 um. W: 16-20 um. Str: 7-14 ITM.

Ecology: Benthic; epipelic. Mesohalobous; alkaliphilous (Foged, 1981). Frequent on tidal flats
and salt marshes (Brockmannnn, 1950; Laws, 1988).

Hendey, 1964, (p. 202): “Prefers a muddy shore to one of clean sand.”

Distribution: WB: Common in a meschalobous/polyhalobous middle intertidal marsh samples
from Toke Point; very rare in tidal flat sediment. Rare to common in Holocene samples.
Cosmopolitan.

Bemarks: Distinguished by the robust valve, and the strongly radiate, aiternating short and long

central striae.
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Navicula granulata Bailey 1854

(Plate 4, Figure 15)

Syn: Petroneis granulata (Bailey) Mann in Round et al. 1990
Description: John, 1983, p. 91, pl. 39, fig. 1-3. }

Hustedt, 1927-66, ll, p. 799, fig. 1771; Henday, 1964, L 208, pl. 31, fig. 6; Riznyk, 1973, p. 126,
!

pl. 11, fig. 10; Laws, 1988, p. 166, pl. 24, fig. 2.
Dimensions: L: 50-100 um. W: 26-40 um. Str: 10-11 ITTM. Pnct: 10-11 ITM.

Ecology: Epipelic. a-mesohalobous/polyhaiobous.

Distribution: WB: Rare in tidal flat samples. Common o ‘tidal flats in Yaquina estuary (Riznyk,
1973); rare in San Francisco Bay {Laws, 1988).
Bemarks: Distinguished by the widely-scattered punct lon the valve face. As noted by Laws
(1988), is probably closely related to N. punctulata, diﬁéring only by the distancing of the middle

puncta on the valve, and may be ecological or geograpl‘?ical expressions of the same species.

Navicula gregaria Donkin 1861

Syn: Navicula gotlandica Grunow sensu Hustédt; Navicula phyllepta Kitzing sensu Brockmann

and sensu Hustedt

Description: Patrick & Reimer, 1966, p. 467, pl. 44, fig. 6.

Brockmann, 1950, p. 16, pl. 2, fig. 10, 12 (as N. phylle, ‘ta); Foged, 1978, p. 90, pl. 30, fig. 8;
Germain, 1981, p. 170, pl. 63, fig. 7; Krammer & Lange-Bertalot, 1988, p. 116, pl. 38, fig. 10-15;
Laws, 1988, p. 166, pl. 24, fig. 4,5, 9-11.
Dimensions: L:15-35 ym. W: 59 um. Str: 14—22 IT™.
Ecology: Epipelic. Halophilous; alkaliphilous {Foged, 1981). Patrick and Reimer, 1966, (p. 468):

“Prefers brackish water and fresh water with high minerr\l content.”
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Distribution: WB: Observed with N. halophila in mesohalobous upper intertidal deposits. Very
widely distributed. Laws (1988, p. 166): “Intertidal salt-marsh sediments of present (San
Francisco) bay, Albany mud flats.” Cosmopolitan.

Bemarks: Distinguished by the irregular to suboval central area, produced rostrate apices, and

slightly radiate punctate striae.

Navicula halophila (Grunow) Cleve 1894

Syn: Craticula halophila (KGtzing) Mann in Round et al. 1990; Navicula cuspidata var. halophila
Grunow in Van Heurck 1885

Description: Patrick and Reimer, 1966, , p. 467, pl. 44, fig. 4.

Brockmann, 1950, p. 15, pl. 2, fig. 23; Foged, 1978, p. 90, p!. 27, fig. 7; Germain, 1981, p. 170,
pl. 65, fig. 1-11; Krammer and Lange-Bertalot, 1986, p. 126, pl. 44, fig. 1-11, 14-18.
Dimensions: L:20-50 um. W: 6-12um. Str: 16-20 ITM.

Ecology: Epipelic. Mesohalobous; alkaliphilous (Foged, 1981). Cosmoplitan, marine and brackish
water (Krammer and Lange-Bertalot, 1986) or water of high mineral content (Patrick and Reimer,
1966).

Distribution: WB: Widely distributed in mesohalobous fine-grained intertidal sediments. Hendey,
(1964, p. 190): “A brackish-water species, frequent on English Channel coasts.” Cosmopolitan.
Bemarks: Very variable in valve outline and size. Krammer and Lange-Bertalot (1986, p. 126)
report ranges of 7-140 um in length, and 4.5-18 um in width. There is no obvious central area.

Striae are parallel along most of the valve, slightly convergent near the apices.

Navicuia lanceolata (Agardh) Ehrenberg 1838
(Plate 4, Figure 16)
Syn: Frustulia lanceolata Agardh 1827; Navicula avenacea de Brébisson ex Grunow 1878;

Navicula (viridula var. ?) avenacea (Brébisson) Grunow in Schneider 1878



Description: Krammer & Lange-Bertalot, 1986, p. 100, pi. 29, 5-7.

Dimensions: L: 28-70 um. W:8(9)-12 um. StT': 10-13 ITM.

Germain, 1981, p. 180, pl. 68, fig. 1-6; Lange-Benrtalot, ;1 980, p. 6.

(As N. avenacea): Patrick and Reimer, 1966, p. 507, pl.}48, fig. 10; Brockmann, 1950, p. 17, pi. 1,
fig. 6; Foged 1977, p. 76, pl. 28, fig. 19. |

Ecology: Epipelic. Oligohalobous (indifferent); alkaliphjilous (Foged, 1981). Hendey, 1964, (p.
200, as N. avenacea): "A common and widespread spef,ies in brackish conditions, strongly
euryhaline.”
Distribution: WB: Abundant in B—mesohalobous lower and middle intertidal sediments along the
Willapa River, and in high marsh sediments near Stony Point on the open bay. Cosmopolitan.

Bemarks: This taxon is widely distributed, and cited in tﬁe literature usually as either N. avenacea

de Brébisson ex Grunow 1878, or as N. viridula var. avenacea (Brébisson ex Grunow) Van Heurck

1885. Discrepancies among these investigators is based on whether or not the taxon warrants a

position as a separate species (Hendey, 1964; Brockmann, 1950; Foged, 1977, 1981) or should
be maintained as a variety of N. viridula (Patrick and Reimer, 1966). However, Lange-Bertalot
(1980, p. 30) reported that N. avenacea Brébisson ex Qrunow 1878 is a junior synonym of

i

Navicula lanceolata (Agardh) Ehrenberg 1838. FunherJ| this taxon should not be confused with N.

lanceolata sensu Kiitzing 1844 (Patrick & Reimer, 196b, p. 511, pl. 48, fig. 19-20), which Lange-
Benrtalot (1980) transterred to Navicula trivialis, or Navicula lanceolata sensu Hustedt 1930 (Foged,
1981, p. 117, pl. 31, tig. 17), which Lange-Bel‘talot (194»0, p. 32) transferred to N.

pseudolanceolata.

Navicula lyra Ehrenberg 1843

(Plate 5, Figure 1)

Syn: Lyrella lyra (Ehrenberg) Karayeva 1978
Description: Hendey, 1964, p. 209, pl. 33, fig. 2.




Hustedt, 1927-66, Ill, p. 500, fig. 1550-51; Patrick and Reimer, 1966, p. 443, pl. 39, fig. 5-6,
Riznyk, 1973, p.127, pl. 12, fig. 1; Rao and Lewin, 1976, p. 195, fig. 239-245;
John, 1983, p. 94, pl. 40, fig. 1-4.
Dimensions: L: 70-120 um. W: 27-40 um. Str: 10-20 ITM.
Ecology: Epipsammic; epipelic. a—mesohalobous/polyhalobous. Patrick and Reimer (1966, p.
443): *Brackish to marine water.” Hendey, 1964, (p. 209): “The species favours a fairly high
salinity and clean seawater, without pollution or excess organic material.”
Distribution: WB: Indicative of sand fiats from the open bay; rare in Holocene samples. Recorded
at Ledbetter Point by Tynni (1986). Common in Yaquina estuary, on sandy substratum (Riznyk,
1973). Cosmopolitan.
Bemarks: John (1983, p. 94): “Considerable variation in the shape of valves, observed ranging
from elliptic to lanceolate with several intermediate forms.”

Differs from N. lyra var. elliptical (“Navicula lyroides Hendey 1958") by having more puncta
per “axial striae” (Hendey, 1964, p. 209), reaching “four or more at the valve apices” compared to

one or two for N. lyravar. elliptica..

Navicula lyravar. elliptica A. Schmidt 1874

(Plate 5, Figure 2)

Syn: Navicula lyroides Hendey 1958; Lyrella lyroides (Hendey) Mann in Round et al., 1990
Description: Hendey, 1964, p. 209, pl. 33, fig. 3,4. (As N. lyroides).

Riznyk, 1973, p. 127, pl. 12, fig. 2.

(As N. lyroides): Hendey, 1958, p. 60, pl. 5, fig. 3.

(As Navicula lyra): Brockmannnn, 1950, p. 19, pl. 3, fig. 15.

Dimensions: L: 70-120 um. W: 30-46 um

Ecology: Epipsammic; epipelic. a—mesohalobous/polyhalobous.

74



Distribution: WB: Indicative of sand flats in Willapa Bay; more common than N. lyra. Rare in

Holocene samples. Found only on sandy sub

strate in Yaquina estuary (Riznyk, 1973). Hendey

(1964, p. 210): “A littoral species, widely distriﬂuted on {he shores of all North Sea countries...

The species favours clean water conditions and while sfldom found in large numbers enjoys and

almost ubiquitous distribution.”

Bemarks: Differs from N. lyra by lacking produced apbqs, and therefore the shorter axial striae

near the apices of the valve do not force the lateral areas outward, as they do for N. lyra (Hendey

1964, p. 209). The two taxa are usually found

common form in Willapa Bay samples.

Navicula mutica Kiitzing 1844
(Plate 5, Figure 3)

Syn: Luticola mutica (Kitzing) Mann in Round

together, but N. lyra var. elliptica is the more

et al. 1990

Description: Patrick and Reimer, 1966, p. 454, pl. 42, fig. 2.

Hustedt, 1927-66, Ill, p. 583, tig. 1592a-f; Fo
pl. 28, fig. 11; Germain, 1981, p. 209, pl. 79, {
1988, p. 166, pl. 24, fig. 13, 14; Krammer & L
Dimensions: L: 10-40 uym. W: 7-12um. Str:

ed, 1978, p. 76, pl. 25, fig. 13; Foged, 1979, p. 93,
g. 1-4.; J;)hn, 1983, p. 94, pl. 40, fig. 5-8; Laws,
ange-Bertalot, 1986, p. 149, pl. 61, fig. 1-7.

14-20 ITM.

Ecology: Epipelic; periphytic; aerophilous. OIigoha!ob#us (indifferent); pH circumneutral (Foged,

1979). Patrick and Reimer, 1966, (p. 454): "F(

aerophil.”

pund in fr&sh, brackish, and alkaline water; often an

Distribution: WB: A dominant species in oligohalobous and mesohalobous middle and upper

intertidal samples. Particularly abundant in sat
on the lower Niawiakum River. Rare to commy

peaty sediment. Cosmopolitan.

mples from the highest part of a Deschampsia marsh
|

On in Ho!c{‘cene samples; particularly frequent in




Bemarks: Distinguished by the narrow raphe sternum, the radiate striae, and the distinct single

stigma. Some variety in form was observed, similar to that reported by John (1983).

Navicula muticoides Hustedt 1949

(Plate 5, Figure 4)

Syn: Luticula muticoides (Hustedt) Mann 1990

Description: John, 1983, p. 95, pl. 40, fig. 12-14.

Hustedt, 1927-66, 1lI, p. 598, fig. 1602;Patrick & Reimer, 166, p. 457, pl. 42, fig. 10.
Dimensions: L: 12-37 um. W:8-15 um. Str: 24-26 ITM.

Ecology: Oligohalobous (indifferent); periphytic, benthic (John, 1983).

Distribution: WB: Very rare in modern samples; observed only in Holocene samples collected

farthest up-valiey (Site 4, Niawiakum River; Figure 2).

Navicula phyllepta Kitzing 1844

(Plate 5, Figure 5)

Syn: Navicula lanceolata var. phyliepta (Kitzing) Van Heurck 1885

Description: Krammer and Lange-Bertalot, 1986, p. 104, pl. 32, fig. 5-11.

Germain, 1981, p. 190, pl. 72, fig. 14-17; Krammer & Lange-Bertalot, 1985, p. 85, pl. 21, fig. 5.
(As N. cryptocephala): Brockmannnn, p. 16, pl. 2, fig. 24-30 as N. cryptocephala).

Dimensions: L: 12-45 um. W: 4-8 um. Str: 14-20 ITM.

Ecology: Epipelic. Mesohalobous (euryhaline?).

Distribution: WB: Rare in salt marsh samples; rare in Holocene samples. Cosmopolitan.
Bemarks: Distinguished by the valve shape, strongly radiate striae, and absence of a central area.
Superficially similar to N. veneta, which has coarser striae, and well-defined central and apical
nodules. Compare Krammer and Lange-Bertalot, 1986, pl. 32: fig. 1-4 for N. veneta, and fig. 5-11

for N. phyllepta. Hendey (1964, p. 190, pl. 37, fig. 3) shows “Navicula phyllepta” with a large
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orbicular central area that differs from specimens figured by Germain and Krammer and Lange-

Bertalot. Hendey's specimen is closer to N. tnMaIis as figured by Krammer and Lange-Bertalot

(1986, p. 110, pl. 35, fig. 1-4).

Navicula punctulata W. Smith 1853

Syn: Navicula marina Ralfs in Pritchard 1861; Petroneis marina Mann in Round et al. 1990

Description: Patrick & Reimer, 1966, p. 449, pl. 41, fig. 1.

John, 1983, p. 96, pl. 41, fig. 1,2.

(As Navicula marina Ralfs in Pritchard 1861):

Hustedt, 1927-66, 1ll, p. 705, fig. 1697; Brockmann,

1950, p. 19, pl. 3, fig. 17; Hendey, 1964, p. 207, pl. 31, fig. 1-3; Foged, 1979, p. 76, pl. 28, fig.

5,7,8; Foged, 1981, p. 117, pl. 37, fig. 2.
Dimensions: L: 39-65 pm. W: 25-30 um. Stri

valve, 16-18 ITM near the ends of the valve.

Ecology: Epipelic. a-mesohalobous/polyhalobous.

Distribution: WB: Rare in Holocene samples;

10-13 ITM. Puncta: 8-12 ITM near the center of the

modern distribution not recorded. John {1983, p.

96): “Occurred frequently in small numbers in the lower stations of Swan River."

Bemarks: Laws (1988, p. 167) discussed the

rules of priority making punctulata the proper

epithet for this taxon. Distinguished by the co|

rse puncta interrupted by wavy longitudinal lines,

the sub-oval central area, and the axial areas which broaden along the middie part of the raphe
|

branches.

Navicula pusilla Wm. Smith 1853

|

Syn: Cosmioneis pusilla (Wm. Smith) Mann and Stickle in Round et al. 1990

Description: Patrick and Reimer, 1966, p. 452, pl. 41, fig. 7.




Hustedt, 1927-1966, lli, p. 722, fig. 1704; Hendey, 1964, p. 208; Foged 1978, p. 97, pl. 32, fig.
9; Foged 1979, p. 79, pl. 30, fig. 1; Foged 1981, p. 122, pl. 34, fig. 7,8; Germain, 1981, p. 216,
pl. 81, fig. 9; Krammer & Lange-Bertaiot, 1986, p. 167, pl. 57, fig. 7-9.

Dimensions: L: 25-50 um. W: 12-25 um. Str: 10-14 ITM (center); 18-20 ITM (ends). Puncta: 16-
20 ITM.

Ecology: Epipelic; aerophilous. Oligohalobous (indifferent); circumneutral pH (Foged, 1981).
Patrick and Reimer (1966, p. 452): “Seems to prefer fresh water of high mineral content or slightly
brackish water; aerophil; often found in cool temperate areas.”

Distribution: WB: A common mesohalobous high marsh species associated with thick stands of
Deschampsia; apparently aerophilic. Rare cells aiso observed in channel-bank samples from the
Niawiakum River. Cosmopolitan.

Bemarks: This is one of the indicator species for the brackish high marsh environment. The valve

is robust, and is well-preserved in Holocene deposits around Willapa Bay.

Navicula pusilla variety 1

(Plate 5, Figure 6)

Description: Valve broadly lanceolate with very slightly produced broad apices. Striae distinctly
punctate, radiate, more widely separated at the middle than near the apices. Raphe filiform,
hooked in same direction at apices, with rounded central fissures. Axial area linear, widening
gradually toward an oval central area. Only a few of the central striae are of irregular length.
Dimensions: L:60-65um. B:26-28 um. Str: 7-10 ITM at the middle; 16-18 ITM near the apices.
Ecology: Epipelic; aerophilic. Mesohalobous euryhaline (?).

Distribution: WB: Live specimens observed in middle and upper intertidal samples from the South
Fork Willapa and Niawiakum rivers; occurs with the N. pusilla. Common in late Holocene sediments

in the Niawiakum River valley.



Bemarks: Hustedt (1927-66, lil) and Krammer'& Lange-Bertalot (1986) consider this taxon to be
conspecific with Navicula pusilla var. pusilla. Brockmann (1950, pl. 2, fig. 31) recorded it as
*Navicula pusilla var. lanceolata.” | have documented the two forms separately because of
apparent differences in their modern distributions. N. pusilla (sensu stricto) is a common
aerophilous on high marshes; *N. pusilla var.” is more raLe, and may be associated with the
transition between high and low marsh.

In addition, this species resembles the marine liideﬂat benthic species N. punctulata.
However, the interior parts of the striae of N. punctulata are interrupted by longitudinal lines,

giving puncta the appearance of being more widely separated. Also, the central area of N.

punctulata is extended laterally in a small staurrs shape, while the central area of N. delawarensis

is a distinctly oval extension of the axial area.

\
Navicula pygmaea Kiitzing 1849 |

Syn: Fallacia pygmaea (Kitzing) Stickle and Mann in Round et al. 1990

Description: Patrick and Reimer, 1966, p. 442, pl. 39, fig. 4,

Hustedt, 1927-66, Ill, p. 538, fig. 1574; John, rl983, p. &7, pl. 41, fig. 6; Krammer & Lange-
Bertalot, 1986, p. 171, pl. 65, fig. 1-6; Laws, 1988, p. 167, pl. 24, fig. 18, p!. 25, fig. 3,4.
Dimensions: L: 16-45 um. W: 8-24 um. Str: 24-26 um..

Ecology: Epipelic. Meschalobous; alkaliphilous (Foged, 1981). Patrick and Reimer (1966, p.
442): “Fresh water of high mineral content an brackisq water; sometimes poliuted water.”
Distribution: WB: Rare in mesohalobous ma samplet from the Niawiakum River; not observed
on tidal flats of the open bay. Rare in Holocene samples. Frequent on mud flats and salt marshes
of San Francisco estuary (Laws, 1988). Cosmopolitan.

Bemarks: The lateral areas narrow towards the central area and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>