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Abstract

Light and scanning electron microscopic observations of three new species of freshwater gomphonemoid diatoms are pre-
sented from mountain streams in California: Gomphonema californicum sp. nov., Gomphonema sierrianum sp. nov., and 
Gomphoneis oreophila sp. nov. Two of the species have morphological novelties related to the structure of the areolae, 
which are discussed in comparison with similar taxa. Gomphonema californicum shows a variety of areolar morphologies 
(i.e. lineola-like, c-shaped, and circular) within a single uniseriate stria. Unique to Gomphoneis oreophila, a member of the 
Herculeana subgroup, are the uniform areolae with circular openings without apparent occlusions. All of these species are 
distributed in remote streams of the Sierra Nevada Mountains of California, suggesting there are still new species to be found 
in this biodiversity-rich region.
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Introduction

The state of California is known as a biodiversity hotspot (Myers et al. 1999), in large part due to its unique higher plant 
flora (the California Floristic Province, Burge et al. 2016), but reflected in other biodiversity elements as well (Calsbeek et 
al. 2003). The taxonomic composition of the freshwater algae in California, particularly from running waters, is relatively 
unknown. Patrick & Reimer (1966, 1975) considered species distributed in California as part of their work on the diatom 
flora of the USA. In the last decade, the extensive stream bioassessment sampling of the California Water Resource 
Control Board Surface Water Ambient Monitoring Program (SWAMP) provided data for a description of new-to-science 
species belonging to the diatom genera Amphora Ehrenberg ex Kützing (1844: 107), Halamphora (Cleve) Levkov (2009: 
165) and Rhoicosphenia Grunow (1860: 511) (Stepanek & Kociolek 2013, Thomas & Kociolek 2015) and to the green 
algal genera Spirogyra Link (in Nees 1820: 5) and Zygnema C.A. Agardh (1817: 98) (Stancheva et al. 2012, 2013). 
Kociolek (2012a) created an identification guide to 450 freshwater diatom taxa from the southern California Bight, and 
Kociolek (2005) lists 13 species described from California. A master checklist of diatoms recognized from water quality 
studies in California (Kociolek 2012b) lists a total of 1275 taxa in 117 genera, of which 78 taxa are from Gomphonema 
Ehrenbrg (1832: 87) and 24 are of Gomphoneis Cleve (1894: 73).
	A ccording to Kociolek & Kingston (1999), little attention has been paid to the endemism and regionalism in the 
U.S. diatom flora, which is apparent among some gomphonemoid diatoms restricted to the western states. It is the case 
that some endemic Gomphonema species are known only from the Sierra Nevada Mountains (Kociolek & Kingston 
1999 and references therein) and Gomphoneis mammilla (Ehrenb.) Cleve (1894: 73) has been found only in California 
and Oregon (Kociolek & Rosen 1984). Other endemic Gomphoneis species have been recorded by Kociolek and 
Stoermer (1986, 1988). 
	A fter relatively modest attention in the mid/late 19th and early 20th centuries (Ehrenberg 1849, Grunow in Van 
Heurck 1880, Cleve 1894), and two papers by Sovereign (1958, 1963), the freshwater diatom flora of the western 
United States has begun to receive significant attention. Bahls and co-workers (Bahls 2011a, b; 2012a, b; 2013; 2014a, 
b; Bahls & Potapova 2015; Bahls et al. 2013) have published a number of taxonomic treatments on the diatoms of the 
west, particularly from Montana and the Pacific Northwest. Kociolek and colleagues have documented species from 
across the west (Spaulding et al. 2002; Thomas & Kociolek 2008; Kociolek et al. 2014, 2015; Ress et al. 2016).
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	T he purpose of the present report is to describe two new species of Gomphonema and one new species of 
Gomphoneis, collected during water quality analyses of streams in the Sierra Nevada Mountains in California. We 
document size diminution and valve morphology using light and scanning electron microscopy, compare our species 
with other, similar taxa and discuss the systematic affinities of these three new species.

Material and methods

The new species described below were found in seven samples from streams in the Sierra Nevada Mountain, California, 
provided by SWAMP. The diatom samples and environmental variables were collected quantitatively in 2015 using the 
multihabitat sampling protocol (Fetscher et al. 2009). A summary of the stream locations and environmental variables 
is provided in Table 1.
	 For LM and SEM observations, the preserved diatom samples were cleaned by the hydrogen peroxide method, 
mounted in Naphrax®, and 600 diatom valves were identified to species and counted (for details see Stancheva et 
al. 2015). LM analysis and imaging of the specimens was performed using an Olympus® BX41 Photomicroscope 
(Olympus America Inc., Center Valley, Pennsylvania) with differential interference contrast optics and Olympus® 
SC30 Digital Camera attached. SEM was performed with cleaned specimens air dried onto cover glasses, attached to 
aluminum stubs, sputter-coated with 5 nm of iridium or platinum and examined in high vacuum mode using a Zeiss 
SIGMA 500 (Carl Zeiss Microscopy, Thornwood, NY, USA), FEI Quanta 600 FEG SEM (FEI; North America NanoPort, 
Hillsboro, OR, USA) and by Hitachi S-2700 SEM (Hitachi High Technologies America Inc., Pleasanton, CA, USA) 
with an accelerating voltage of 5 k. SEM was performed at the Nano3 Facility at the University of California, San 
Diego, and the San Diego State University Electron Microscopy Facility. Holotype slides and material are deposited at 
the University Herbarium at University of California, Berkeley, USA and isotype slides and type material are housed 
by the author Rosalina Stancheva at the California State University San Marcos (CSUSM). 

Results

Gomphonema californicum Stancheva & Kociolek, sp. nov. (Figs 1–27)

LM observations
Valves are lanceolate-clavate with rounded head pole and narrower foot pole. Cells are 5.6–8.3 µm wide, 22–67 µm 
long (Figs 1–13); initial cell 10 µm wide, 71 µm long (Fig. 14). Striae are slightly radiate at the center of the valve 
10–13 in 10 µm, becoming denser up to 15 in 10 µm near both apices and strongly radiate toward the foot pole. Striae 
composed of areolae, which are coarser and distinguishable near the head pole, 28–32 in 10 µm. Striae sometimes 
are interrupted, particularly around the central area (Figs 2 and 3). Axial area narrow, lanceolate. One, occasionally 
two median striae on both sides of the central area are shorter than the others (Figs 4–6). Central area is rectangular 
transversely extended, delimited by two or three curved striae (Figs 2, 6, 8, 10), rarely elliptical (Fig. 4). One isolated 
stigma is positioned close to the proximal raphe ends. Sometimes one or a few small indistinct depressions are present 
in the central area, not easily resolvable with LM (Fig. 2). The raphe is lateral, slightly undulate. Frustules are slightly 
cuneate in girdle view with single or double irregular rows of puncta on each mantle, in some specimens interrupted 
near the middle (Figs 12 and 13). 

SEM observations
Externally, striae are uniseriate, composed of slit-like (lineola-like) areolae, which extend onto the mantle (Fig. 15–18). 
Areolae near the head pole (Fig. 19) are coarser and longer than the areolae close to the foot pole (Fig. 20). Areolae 
adjacent to the axial area are shorter and slightly undulate or c-shaped (Figs 15, 16, 19). Small areolae with circular 
external openings form: (1) the tips of the median short striae and the adjacent two or three striae (Figs 22, 23), and 
(2) the entire basal stria at the foot pole (Figs. 17, 18, 20). Apical pore field with porelli, separated from striae by a 
hyaline area is present at the foot pole (Figs 15–18, 20). The porelli are either regularly ordered within the apical pore 
fields (Fig. 15) or split by a narrow, unornamented area (Fig. 20). Distal raphe ends are deflected before the apices and 
extend into the mantle (Figs 19, 20). A small single apical spine is present at the head pole (Fig. 19), better observed 
in girdle view (Figs 17, 18, 21). In some specimens the spine may be very small or missing (Fig. 16), but in other 
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specimens is pronounced and visible with LM (Fig. 13) In the central area, one isolated stigma with a circular opening 
is positioned close to the dilated and drop-shaped proximal raphe ends (Figs 22, 23). Sometimes, one or two small 
indistinct depressions are visible near the stigma in the central area (Fig. 23). These do not extend through the valve 
and are not visible on the internal side of the valve. Each mantle with pores in an irregular single row, becoming double 
near the head pole, and more widely spaced near the middle (Figs 17, 18). Internally, the helictoglossa and pseudosepta 
are visible at both poles (Figs 24, 27). The central nodule is slightly raised, bearing a slit-like stigma opening and 
dilated and recurved proximal raphe ends (Figs 25, 26).

FIGURES 1–14. Gomphonema californicum Stancheva & Kociolek, sp. nov., LM images. Figs 1, 4, 5, 6 (type material, site 507DCABSF). 
Figs 3, 10, 12, 13, 14 (site 518RCNAPC). Figs 2, 7, 8, 9, 11 (site 521BTC303). Figs 1–11 valve view. Figs 12 and 13 girdle view; note that 
the focus on Fig. 13 is on the apical spines. Fig. 14 initial valve. Scale bar: 10 µm.
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FIGURES 15–21. Gomphonema californicum Stancheva & Kociolek, sp. nov. type material from Digger Creek, California, USA (site 
507DCABSF). SEM images. Figs 15, 16, 19, 20 external valve view. Figs 17, 18, 21 external girdle view. Figs 17, 18, 19, 21 show an 
apical spine at the head pole (white arrows). Fig. 20 illustrates narrow, unornamented area within the apical pore field at the foot pole 
(white arrowheads). Figs showing the same specimen are: 15 and 19; 16 and 20; 18 and 21. Scale bars: Figs 15–18 = 10 µm; Figs 19–21 
= 2 µm.
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FIGURES 22–27. Gomphonema californicum Stancheva & Kociolek, sp. nov. type material from Digger Creek, California, USA (site 
507DCABSF). SEM images. Figs 22 and 23 show external valve view of the central area with isolated stigma and small depressions (white 
arrows), surrounded by short striae composed of areolae with variable shape. Figs 24–27 internal valve view. Figs 25 and 26 illustrate the 
interval view of the central nodule, bearing a slit-like stigma opening and dilated and recurved proximal raphe ends. Figs showing the same 
specimen are: 24 and 25; 26 and 27. Scale bars: Figs 24, 27 = 10 µm; Figs 22, 23, 25, 26 = 2 µm.
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	 Type:—USA. California: Digger Creek, Sierra Nevada Mts, 40.44284º N, 121.72501º W, Nathan Mack, August 
31, 2015 (holotype UC2050494 circled specimen on slide; isotype RS! 007, circled specimen on slide and material, 
CSUSM, USA).
	 Etymology:—The epithet refers to the USA state of California, where the species was first observed.
	 Distribution and ecological notes:—Found in four sites in the Sierra Nevada Mts, CA (elevation 1133 to 1902 
m a.s.l.). Habitats are generally characterized by low nutrients (total nitrogen (TN) <0.1 mg L-1, total phosphorus (TP) 
<0.05 mg L-1), low conductivity (<107.6 µS cm-1), slightly alkaline (35–76 mg L-1 CaCO3), and pH 8.1–8.5 (see Table 
1).
	 Comments: —In terms of outline, and overall dimensions, this species resembles G. dichotomum Kützing (1833: 
569) as illustrated by Reichardt & Lange-Bertalot (1991) and G. grasmueckii Lange-Bertalot & Reichardt (Lange-
Bertalot 1993). Striae densities of both diatoms, however, are lower compare to the California specimens having striae 
that are 10–13 in 10 µm, and rarely up to 15 in10 µm (Table 2). Furthermore, the shape of central area differs among 
three species, being significantly smaller in G. grasmueckii. Perhaps more importantly, ultrastructurally the three 
species are quite different. Reichardt & Lange-Bertalot (1991) show G. dichotomum to have large c-shaped areolae 
uniform throughout the entire valve , while in G. californicum the areolae are variable in shape. In G. grasmueckii 
areaolae are lineola-lake and circular, but the stiae are only partially uniseriate, becoming biseriate toward the mantle 
(Lange-Bertalot 1993). The presence of an apical spine at the head pole is an unique feature of G. californicum.

TABLE 2. Morphological characters of three new Gomphonema and Gomphoneis species from Californian streams and similar taxa.

Taxon name Valve 
width 
(µm)

Valve 
length 
(µm)

Striae 
number 
in 10 µm

Striae orientation Areolae 
shape

Striae Reference

Gomphonema 
californicum 
Stancheva & Kociolek

5.6–8.3 22–67 10–15 slightly radiate in 
the center; strongly 
radiate toward the 
foot pole

lineola-lake; 

c-shaped; 

circular 

uniseriate This study

G. dichotomum 
Kützing

6–8.3 29–66 9–11 radiate in the center; 
strongly radiate 
toward the foot pole

c-shaped uniseriate Reichardt 
& Lange-
Bertalot 1991

Gomphonema 
grasmueckii Lange-
Bertalot & Reichardt

5–7.5 20–50 9–12 radiate in the center; 
strongly radiate 
towards the poles

lineola-lake;

circular 

uniseriate 
becoming 
biseriate

Lange-
Bertalot 1993

Gomphonema 
sierrianum Stancheva 
& Kociolek

4–5.2 17–31 11–14 slightly radiate in 
the center; strongly 
radiate toward the 
poles

c-shaped 
occluded

uniseriate This study

Gomphonema 
chinense Liu et 
Kociolek

4.6–5.1 24.4–31.8 10–13 almost parallel in 
the center, slightly 
radiate towards the 
poles

c-shaped

unoccluded

uniseriate Liu et al. 
2013

Gomphoneis 
oreophila Stancheva 
& Kociolek

10.3–16 51–105 10–12 nearly parallel to 
slightly radiate in 
the center; strongly 
radiate towards the 
poles

circular

unoccluded

biseriate This study

Gomphoneis linearis 
Kociolek & Stoermer

12–14 65–90 9–11 Slightly radiate unknown biseriate Kociolek & 
Stoermer 
1986
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Gomphonema sierrianum Stancheva & Kociolek, sp. nov. (Figs 28–45)

LM observations
Valves are lanceolate-clavate with produced broadly rostrate to slightly capitate head pole and narrower rounded foot 
pole (Figs 28–39). Cells are 4–5.2 µm wide, 17–31 µm long. The axial area is wide, lanceolate bordered by short striae. 
Striae at the center are slightly radiate and shortened, becoming strongly radiate toward the poles, 11–14 in 10 µm. 
Areolae not distinguishable in LM.
	T he raphe is filiform, with weakly expanded proximal ends that are bent slightly to one side. A single, small 
stigma is present at the central area. Frustules are cuneate in girdle view with single irregular row of puncta on each 
mantle interrupted in the central part (Fig. 34).

FIGURES 28–39. Gomphonema sierrianum Stancheva & Kociolek, sp. nov. type material from San Antonio Creek, California, USA (site 
533SPILSA). LM images. Figs 28–33, 35–39 valve view. Fig. 34 girdle view. Scale bar: 10 µm.
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FIGURES 40–45. Gomphonema sierrianum Stancheva & Kociolek, sp. nov. type material from San Antonio Creek, California, USA (site 
533SPILSA). SEM images. Figs 40, 44 internal valve 
view. Figs 41, 42, 45 external valve view. Fig. 43 girdle view showing each mantle with pores near both poles. Fig. 44 illustrates the 
interval view of the central nodule, bearing a circular, slightly transversely elongated stigma opening and dilated and recurved proximal 
raphe ends. Fig 45 shows external valve view of the central area with isolated stigma. Figs 42 and 45 are the same specimen. Scale bars: 
Figs 40–43 = 2 µm; Figs 44, 45 = 1 µm.
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SEM observations
Externally, striae are uniseriate, composed of c-shaped areolae, occluded by siliceous flaps (volae), which extend 
onto the mantle (Figs 41–43, 45). Striae near the head pole are longer, consisting of 3, rarely 2 or 4 areolae, while the 
shortened central striae and the striae near the foot pole contain 1 or 2 areolae (Figs 42 and 45). The raphe is slightly 
undulate, with distal raphe ends deflected before the apices and extended into the mantle (Fig. 42). In the central area, 
one isolated stigma with circular opening is positioned close to the dilated and drop-shaped proximal raphe ends (Fig. 
45). Mantels with pores in an irregular single row near the poles (Fig. 43). Internally, pseudosepta and helictoglossa 
are visible at both poles (Fig. 40). The central nodule bears a circular, slightly transversely elongated stigma opening 
and dilated and recurved proximal raphe ends (Fig. 44).
	 Type:—USA. California: San Antonio Creek, Sierra Nevada Mts, 38.2758º N, 120.3361º W, Nathan Mack, 
October 9, 2015 (holotype UC2050495 circled specimen on slide; isotype RS! 008, circled specimen on slide and 
material, CSUSM, USA).
	 Etymology:—The epithet refers to the mountain habitat in the Sierra Nevada, California, where the species was 
first observed.
	 Distribution and ecological notes:—Found in three sites in the Sierra Nevada Mts, CA (elevation 1226 to 1400 
m a.s.l.). Habitats are generally characterized by low nutrients (TN <0.11 mg L-1, TP <0.01 mg L-1), low conductivity 
(<53.3 µS cm-1), slightly alkaline (15–30 mg L-1 CaCO3), and pH 7.6–8.8 (see Table 1).
	 Comments: —The group of Gomphonema species with wide axial areas was reviewed by Reichardt (2005), 
where he documented 14 taxa with light and scanning electron microscopy. Many of these taxa were from Africa, 
Southeast Asia and Australasia. Additional taxa in this group were also considered by Metzeltin & Lange-Bertalot 
(1998, 2007) from South America. While none of the taxa considered in these works resembles G. sierrianum in terms 
of valve shape (most are much more lanceolate-clavate, and lack the distinct protracted head pole), several of them 
have flap-like occlusions that extend outside the areolar opening (see for example SEM images in Reichardt (2005) for 
G. clevei Fricke, G. brachyneurum O. Müller, G. sundaense Reichardt , G. moresbyanum Reichardt).
	L iu et al. (2013) described Gomphonema chinense Liu & Kociolek from mountains in Northeastern China. This 
diatom resembles G. sierrianum most closely in terms of valve outline (Table 2), but differs by less pronounced 
headpole, longer striae, and c-shaped areolae openings lacking siliceous flaps (see Liu et al. 2013, Figs 16–26).

Gomphoneis oreophila Stancheva & Kociolek, sp. nov. (Figs 46–71)

LM observations
Valves are nearly lanceolate, slightly clavate with rounded head pole and narrower foot pole (Figs 46–57). Margins 
are straight to convex and tumid at the center. Cells are 10.3–16 µm wide, 51–105 µm long; initial valves 15–17 µm 
wide, 120–125 µm long (Figs 53, 54). Axial area is relatively narrow, straight and slightly expanded only at the center 
to form a small linear-elliptical central area bearing one stigma (Figs 46–52). Raphe is slightly arched, distinctly 
lateral. Striae are nearly parallel to slightly radiate in the center, more strongly radiate toward the poles, 10–12 in 10 
µm. Striae distinctly biseriate. Longitudinal lines located close to the valve margin (submarginal, Figs 49, 52, 54, 56) 
better visible when the valve is tilted. Initial valves bent, tumid in the center , bearing in the central area one stigma 
and 2 to many areolae (Figs 53, 54). Frustules are cuneate in girdle view with single irregular row of puncta missing 
in the central part (Fig. 58). 

SEM observations
Externally, the striae are composed of double rows of circular puncta which extend onto the mantle (Figs 59, 60, 62). 
The rape is more or less straight, or slightly arched, but not undulate (Figs 59, 60). Distal raphe ends are slightly bent 
before the apices and extend into the mantle (Figs 62, 63). Spines are not present at the head pole (Figs 61–63). At the 
foot pole the apical pore field is separated from the striae by unornamented silica, and the porelli are distinct and larger 
than the puncta (Figs 64). Externally, one round stigma is visible in the central area (Fig. 65), accompanied by several 
areolae in the initial cells (Fig. 66).
	 Internally, a large axial plate, narrow marginal lamina, and pseudosepta at both poles can be seen (Fig. 67). The 
axial plate terminates before reaching the helictoglossa at the foot pole (Figs 67, 70) where radiate striae with circular 
puncta are visible (Figs 70, 71). The marginal lamina is narrower near the central area (Figs 68, 69). The elongate 
central nodule is slightly raised and bears a slit-like stigma and recurved proximal raphe ends (Fig. 68). 
	 Type:—USA. California: Rice Creek, Sierra Nevada Mts, 40.39999º N, 121.44109º W, Jennifer York, July 1, 2015 
(holotype UC2050496 circled specimen on slide; isotype RS! 009, circled specimen on slide and material, CSUSM, USA).
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FIGURES 46–58. Gomphoneis oreophila Stancheva & Kociolek, sp. nov. type material from Rice Creek, California, USA (site 
518RCNAPC). LM images. Figs 46–52, 55–57 valve view. Figs 53, 54 valve view of initial valves. Fig. 58 girdle view. Scale bar: 10 
µm.
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FIGURES 59–66. Gomphoneis oreophila Stancheva & Kociolek, sp. nov. type material from Rice Creek, California, USA (site 
518RCNAPC). SEM images. Fig. 59 external valve view. Fig. 60 external valve view of initial cell. Fig. 61 external girdle view. Figs 62 
and 63 detail of the head pole. Fig. 64 detail of foot pole with apical pore field. Fig. 65 central area with single circular stigma. Fig. 66 
central area of initial cell with single stigma and several sigmoid areolae. Figs showing the same specimen are: 59, 62, 64, and 65; 60, 63, 
and 66. Scale bars: Figs 59–61 = 10 µm; Fig. 63 = 3 µm; Figs 62, 64, 65, 66 = 2 µm.
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	 Etymology:—This species epithet means “mountain-loving” referring to where it has been found.
	 Distribution and ecological notes:—Found only in the type locality which is high elevation site in the Sierra 
Nevada Mts, CA (1902 m a.s.l.). Habitat is characterized by low nutrients (TN 0.04 mg L-1, TP 0.05 mg L-1), low 
conductivity (74.8 µS cm-1), slightly alkaline (62 mg L-1 CaCO3), and pH 8.3 (see Table 1).
	 Comments: —The large size and position of the longitudinal lines near the margin suggest a close relationship 
between this taxon and species such as G. herculeana (Ehrenb.) Cleve (1894: 73), G. mammilla (Ehrenb.) Cleve 
(1894: 73) and G. minuta (Stone) Kociolek & Stoermer (1988: 56). However, in these species the longitudinal lines are 
positioned approximately midway between the axial area and margin, or closer to the axial area, and apical spines are 
common (Kociolek & Stoermer 1988). The lanceolate shape of this species clearly separates it from these large species 
of the genus, as well as Gomphoneis linearis Kociolek & Stoermer (1986: 146–7) in which the longitudinal lines are 
positioned close to the valve margin. The latter species, known from only a few specimens from a single locality in 
Oregon (Kociolek & Stoermer 1986), differs in the shape of the valves, being more linear in outline (as opposed to 
having a distinctly lanceolate outline), has proportionately more broadly rounded headpoles, and is smaller (Table 2). 
Furthermore, the central striae around the stigma are radial with closely spaces tips in some specimens (see Kociolek 
& Stoermer 1986, Figs 25 and 26), in contrast to nearly parallel central striae in G. oreophila.

FIGURES 67–71. Gomphoneis oreophila Stancheva & Kociolek, sp. nov. type material from Rice Creek, California, USA (site 
518RCNAPC). SEM images. Internal valve view of the same specimen. Fig. 67 shows a large axial plate and narrow marginal lamina. 
Fig. 68 central nodule bears a slit-like stigma and recurved proximal raphe ends. Fig 69 detail of the marginal lamina near the central area. 
Figs 70 and 71 detail of the marginal lamina at the foot pole. Scale bars: Fig. 67 = 10 µm; Fig. 68 = 3 µm; Fig. 70 = 2 µm; Figs 69, 71 = 
0.5 µm.
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Discussion

Ultrastructure of the three new freshwater gomphonemoid diatoms allows comment on morphological variability 
within both Gomphonema and Gomphoneis. For Gomphonema, the areolar structure of G. sierrianum is very similar 
to other species with wide axial area. Reichardt (2005) has showed species with wide axial areas that also possess 
not only external volae (flaps) (similar to many other Gomphonema species; e.g. Levkov et al. 2016), but the volae 
cover most of the opening of the areolae (leaving a very narrow, c-shaped slit). In G. serrianum the volae extend over 
the opening and off the surface of the valve (e.g. Figs 43, 45 this study), a feature observed by Reichardt 2005 in G. 
moresbyanum Reichardt (2005), but missing in other species with wide axial areas (Metzeltin & Lange-Bertalot 1998; 
Kociolek et al. 2016). Any phylogenetic (versus ecological) significance of this feature awaits future research.
	 In G. californicum, there are several morphological features that appear beyond the “typical” species of the 
genus. The first, and perhaps most obvious, is the structure of the areolae. In this species, striae are composed of slit-
like openings from the mantle to near the margin of the valve; these appear unoccluded or with slight occlusions. The 
areolae are round and unoccluded from near the mantle to the axial area. While there are some species where the striae 
may have single rows of areolae at one point and double rows within the same stria (e.g., G. pseudoparvulum Kociolek 
et al. 2016: figs 98, 99), it is very rare to see different areolar morphologies within a single stria. Reichardt (1999) did 
illustrate both G. drutelingense Reichardt (1999: 38) and G. longilineare Reichardt (1999:39) with round, unoccluded 
areolae, but their structure was the same throughout the length of the striae. Also, in G. californicum the porelli in the 
apical pore fields appear to have a narrow, unornamented area present. This, to our knowledge, has not been recorded 
previously for a freshwater gomphonemoid diatom. Finally, we illustrated the presence of a small, blunt spine at the 
head pole of this species. Spines are not typical in the genus Gomphonema, except in the cases of rather large taxa such 
as G. grande Karthick et al. (2016: 188) from Africa, two endemic species from Lake Baikal (Kulikovskiy & Kociolek 
2014) and G. semiapertum Grunow from fossil deposits in Shasta, California (Schmidt 1899, Tafel 216, Figs 7 and 
8).
	 In Gomphoneis oreophila, many of its morphological structures are similar to species in the Herculeana group of 
the genus, including the differentiated apical pore fields, presence of a wide axial plate, presence of marginal laminae, 
and a slit-like internal stigma opening on the central nodule (Kociolek & Stoermer 1988, 1989). In most members of 
this group, the external areolae openings are occluded, with volae that are variously-shaped. Unique to this species in 
the Herculeana subgroup, areolar openings are circular without apparent occlusions. 
	 In regards to the distribution of the three new gomphonemoid species described herein, our data show that they are 
rare and restricted to streams in remote areas of the Sierra Nevada Mountains. Although with limited distributions, all 
three of the new species were locally abundant. The SWAMP diatom data set, built in the last eight years includes species 
from over 1600 stream localities in California, but the new taxa have not been previously recorded. It seems that the 
diatom flora from streams in the Sierra Nevada Mountains is characterized by high endemism among gomphonemoid 
diatoms. This study, showed that more than one rare gomphonemoid species coexisted in a single stream locality. For 
instance, Gomphonema californicum was recorded in four streams (Table 1 this study), in two of which were together 
with Gomphoneis mammilla, an endemic species for California and Oregon (Kociolek & Rosen 1984), and with the 
newly described Gomphoneis oreophila. Similarly, Gomphonema sierrianum so far known from three streams (Table 
1 this study), was recorded with another undescribed Gomphonema taxon, a publication that is in progress (Marina 
Potapova, personal communication). Further information about the distribution of the newly described Gomphonema 
and Gomphoneis species could be gained by reviewing other existing diatom collections from streams in the west coast 
and the Sierra Nevada, such as from the large US federal bioassessment programs. Continuous taxonomic studies are 
needed for more complete knowledge of the diatom flora from relatively unexplored regions of the state of California, 
which will increase the power of the diatom based stream bioassessment 
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